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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Hydrocraphic  Branch, 
Washington,  I).  C\,  Fchnuu^^l,  1905. 
Sir:  I  transmit  herewith  a  manuscript  entitled  \^  Bibliographic 
Review  and  Index  of  Papers  Relating  to  Underground  Waters  pub- 
lished by  the  United  States  Geological  Surve3%  1879-1904,"  prepared 
by  MjTon  L.  Fuller,  geologist  in  charge  of  the  eastern  sec^tion, 
division  of  hydrolog}-,  to  meet  the  urgent  need  for  definite  information 
as  to  what  has  been  accomplished  by  the  Survey  in  the  line  of  under- 
ground-water investigations  and  what  has  appeared  in  Survey 
publications  bearing  on  the  subject. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engin€ei\ 
Hon.  Charles  D.  Waloott, 

DvrectoT  United  States  Geological  Survey, 


BIBUOGRAPHIC  REVIEW  AND  INDEX  OF  PAPERS  REUTING  TO 
UNDERGROUND  WATERS  PUBLISHED  BY  THE  UNITED  STATES 
GEOLOGICAL  SURVEY,  1879-1904. 


By  Myron  L.  FuUiEB. 


INTRODUCTION. 

On  the  organization  of  the  division  of  hj^drology  in  1908,  and  the 
beginning  of  systematic  work  on  underground  waters,  an  urgent  need 
was  felt  for  more  definite  information  as  to  what  had  been  published 
on  the  subject  by  both  the  National  and  the  State  surve}'s  and  in  other 
publications.  Plans  were  accordingly  made  for  preparing  a  bibliog- 
raphy of  underground  waters,  but  it  was  soon  found  that  owing  to 
inadequate  indexes  it  would  be  necessary  to  scan  nearly  every  page 
of  geologic  publications.  As  this  was  not  feasible,  it  became  neces- 
sary to  limit  the  work,  for  the  time  at  least,  to  the  preparation  of  a 
review  and  index  of  the  publications  of  the  United  States  Geological 
Survey. 

These  publications,  amounting  to  about  400  volumes  and  embracing 
about  1,500  papers,  were  examined,  many  of  them  page  by  page,  and 
brief  summaries  of  the  facts  relating  to  underground  waters  were 
compiled.  A  large  proportion  of  the  references  to  underground 
waters  are  given  in  connection  with  geologic  descriptions,  and  most 
of  them  are  very  brief,  although  some  are  of  importance.  Being 
incidental  to  discussions  of  other  subjects,  many  would  doubtless  be 
ordinarily  overlooked,  especially  as  in  a  large  number  of  cases  no 
reference  is  made  to  them  in  the  indexes.  There  are  about  600  titles 
in  the  bibliography,  an  average  of  about  21  for  each  year  from  1880 
to  1903,  but  in  1904,  owing  to  the  publication  of  the  results  of  the 
systematic  work  of  the  new  division  of  hydrology,  this  number  was 
increased  to  about  130. 

In  preparing  the  index  two  distinct  classes  of  readers  were  kept  in 
mind,  the  first  including  those  who  are  interested  in  the  underground- 
water  resources  of  special  regions,  and  the  second  those  interested  in 
some  particular  type  of  ground  water  or  in  one  or  more  of  the  many 
problems  of  ground- water  occurrence.     For  the  benefit  of  the  first, 
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comprehensive  entries  are  given  under  States  and  other  political  or 
natural  divisions,  while  for  the  benefit  of  the  second  are  given  the 
numerous  subject  entries.  The  aim  has  been  to  assemble  the  latter 
entries  into  comprehensive  groups,  each  including  references  to  papers 
containing  material  bearing  on  the  subject  of  the  group.  The  State 
entries  will  be  found  the  most  complete,  as  they  include  many  which 
it  is  impossible  to  satisfactorily  classify. 

The  subject  entries  are  grouped  mainh^  into  a  series  of  what  may  be 
termed  principal  subject  entries,  which  are  outlined  in  the  ''  Classified 
key  to  principal  subject  entries  in  index,"  but  a  large  number  of  other 
entries,  including  those  which  it  was  impracticable  to  classify  and 
numerous  cross  references,  are  included  with  the  view  of  increasing 
the  usefulness  of  the  index. 

The  general  plan  followed  is  the  same  as  that  of  the  geologic  bibli- 
ographies of  Mr.  F.  B.  Weeks,  which  more  nearly  meet  the  demands 
of  the  user  than  any  other  publications  of  the  kind  seen  b}'  the  writer. 
The  principal  point  of  difference  is  the  omission  of  the  abbreviated 
titles  in  the  index  of  the  present  bibliography,  due  to  the  fact  that  the 
titles  of  the  papers  in  most  cases  express  little  or  nothing  as  to  their 
contents  in  respect  to  underground-water  descriptions  or  discussions. 
On  the  other  hand,  the  present  bibliography  attempts  to  give,  in  con- 
nection with  the  titles,  summaries  indicating  in  considerable  detail  the 
nature  of  the  portion  of  the  contents  bearing  on  underground  waters. 


BIBLIOGRAPHIC  REVIEW. 


1  AdamB  (George  I.).     Preliminary  report  on  the  lead  and  zinc 
deposits  of  the  Ozark  region:  Physiography. 
U.  S.  Geol.  Surv.,  22d  Ann.  Kept.,  pt.  2,  pp.  e©-75,  1901. 
Mentions  the  springs  of  the  Ozark  Plateau  and  Boston  Mountains. 

2 Oil  and  gas  fields  of  the  AVestern  Interior  and  Northern  Texas 

Coal  Measures. 

U.  S.  (ieoL  Snrv.,  Bull.  no.  184,  pp.  1-29,  1901. 
Contains  references  to  and  partial  sections  of  a  large  nunil>erof  water, 
oil,  and  gas  wells. 

3 Oil  and  gas  fields  of  the  Upper  Cretaceous  and  Tertiary  for- 
mations of  the  Western  (Julf  coast. 

U.  S.  Geol.  Surv.,  Bull.  no.  184,  pp.  31-62,  1901. 

Mentions  salt  springs  (p.  39),  gives  logs  of  wells  (pp.  57-69),  and  dis- 
cusses the  association  of  petroleum,  sulphur,  gypsum,  rock  salt,  and 
saline  and  sulphur  waters  (pp.  49-53). 

4 Geology  and  water  resources  of  the  Patrick  and  Goshen  Hole 

quadrangl&s  in  eastern  Wyoming  and  western  Nebraska.. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  70,  pp.  50, 
1902. 

Describes  the  geology,  physiography,  and  drainage,  including  streams, 
ponds,  and  springs.  The  springs  mainly  t»eep  out  and  are  of  small  vol- 
ume, but  occur  at  several  horizons  (pp.  27-28).  Deep  pump  wells  are 
obtained  from  near  contact  of  Arikaree  and  Bnile  Clays  (pp.  29-30),  and 
f*ome  water  is  afforded  by  the  Cretaceous,  although  it  is  likely  to  be 
alkaline  or  salty  (p.  30).  The  seepage  waters  are  also  highly  mineral- 
ized (p.  30). 

5 Zinc  and  lead  deposits  of  northern  Arkansas. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  187-196,  1903. 

Discusses  the  character  of  solutions  and  the  circulation  of  ground 
water  in  shales,  limestones,  and  dolomites  with  relation  to  ore  deposits 
(pp.  190-192). 

6 Zinc  and  lead  deposits  of  northern  Arkansas. 

U.  S.  Geel.  Surv.,  Professional  Pai)er  no.  24,  pp.  1-89,  1904. 

Notes  the  action  of  underground  waters  in  ore  deposition  (p.  32),  and 
discusses  the  geological  factors  affecting  the  circulation  (pp.  34-36). 
The  part  of  waters  in  ore  deposition  is  further  discussed  on  pages  44-46, 
and  the  circulation  on  page  89.  J.  C.  Branner  is  quoted  on  the  forma- 
tion of  breccias  by  undeiground  waters  (p.  87). 
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7  Adams  (George  I.).    The  Babbit  Hole  sulphur  mines  near  Hum- 

boldt House,  Nevada. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  497-600,  1904. 

Describes  the  occurrence  of  hot  springs  and  silicious  sinter  in  the 
region,  and  associates  the  deposition  of  sulpur  with  such  ascending 
waters  (p.  499). 

8  Ahem  (eleremiah).     Investigations  in  northern  Wyoming. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept.  Reclamation  Service  1902-3,  pp. 
507^28,  1904. 
Notes  the  occurrence  of  springs  near  Lake  De  Smet  (p.  615). 

9  Alden  (William  C).     Chicago  folio.     Illinois-Indiana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  81,  pp.  13,  1902. 

Gives  a  number  of  deep- well  sections  (pp.  2-3)  and  discusses  the  water 
supplies  of  the  drift  and  of  the  rock  wells  in  the  Potsdam  and  St.  Peters 
sandstones  and  Trenton  limestone.  Analyses  are  given.  The  wells 
originally  gave  strong  flows,  but  because  of  the  large  number  drilled  the 
water  head  has  been  lowered  to  15  to  20  feet  below  the  surface  (p.  13). 

10  Ayers  (H.  B.).     The  Flathead  Forest  Reserve,  Montana. 

U.  8.  Geol.  Surv.,  20th  Ann.  Rept,  pt.  5,  pp.  246-316,  1899. 
Notes  the  disappearance  of  streams  from  the  surface  by  absorption 
(p.  261). 

B. 

11  Bain  (H.  Foster).     Preliminary  report  on  the  lead  and  zinc  depos- 

its of  the  Ozark  region. 

V.  8.  Geol.  Siirv.,  22d  Ann.  Rept,  pt  2,  pp.  33-227,  1901. 

Contains  a  chapter  on  the  relation  of  ores  to  the  circulation  of  under- 
ground waters,  in  which  general  principles,  circulation,  courses  of 
undei^round  waters,  structural  conditions,  work  of  underground 
waters,  including  solution,  precipitation,  diffusion,  etc.,  are  consid- 
ered (pp.  95-110).  The  ores  were  in  part  deposited  by  ascending 
waters,  in  part  by  descending,  and  in  part  deposited  by  ascending  and 
concentrated  by  descending  waters  (p.  203).  The  relation  of  the  ores 
to  underground  circulation  is  also  discussed  (pp.  204-207).  - 

12  Lead  and  zinc  deposits  of  Illinois. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  202-207,  1904. 
Notes  burden  imposed  on  mines  by  underground  water  (p.  203),  and 
discusses  the  relation  of  underground  waters  to  ore  deposition  (p.  206). 

13  Fluorspar  deposits  of  southern  Illinois. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  505-611,  1904. 

Discusses  relation  of  underground  waters  to  ore  deposition  (p.  610). 

14  Barbour  (Erwin  Hinckley).     Wells  and  windmills  of  Nebraska. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  29,  pp.  85, 
1899. 

Among  the  subjects  discussed  are  underground-water  conditions 
(pp.  13-16),  sheet  water  (pp.  17-18),  artesian  waters  and  well  records 
(pp.  18-24),  springs  (p.  24),  surface  and  seepage  waters  (p.  27),  fluctua- 
tions of  water  level  (p.  28),  windmills,  turbines,  and  other  methods  of 
raising  waters  (pp.  28-70),  well  supplies  for  towns  and  cities  (pp.  73-75), 
salt  wells  (p.  78),  and  blowing,  breathing,  and  sucking  wells  (pp.  78-80). 
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15  Barker  (F.  C.)-    Irrigation  in  Mesilla  Valley,  New  Mexico. 

U.  8.  Geol.  Sarv.,  Water-Supply  and  Irrigation  Paper  no.  10,  pp.  51, 
1898. 

The  occurrenceand  source  of  the  ground  water  in  Mesilla  Valley  (pp. 
18-19)  and  the  relative  efficiency  and  cost  of  bringing  it  to  the  surface 
by  wind  and  steam  power  (pp.  35-36)  are  considered. 

16  Bascom  (Florence).     Water  resources  of  the  Philadelphia  district. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  106,  pp.  75, 
1904. 

This  paper  contains  detailed  discussions  of  geology,  rainfall,  stream 
measurements,  water  powers,  wells,  springs,  and  public  supplies,  includ- 
ing those  from  streams,  wells,  and  springs.  Among  the  geological  for- 
mations yielding  water  to  wells  are  the  Chickies  quartzite,  Chester 
Valley  limestone,  Wissahickon  gneiss,  Triassic  rocks,  and  Karitan, 
Matawan,  and  Monmouth  formations,  etc. 

17  Bayley  (William  Shirley).     The  Menominee  iron-bearing  districts 

of  Michigan. 

U.  S.  Geol.  Surv.,  Mon.  46,  pp.  513,  1904. 

Notes  the  relation  of  descending  meteoric  water  to  ores  (pp.  27-29), 
and  quotes  C.  Roniinger  on  action  of  percolating  waters  and  D.  H.  Browne 
on  aqueous  origin  of  ores  ( pp.  90-91 ).  The  action  of  percolating  waters, 
either  ascending  or  descending,  is  considereil  in  connection  with  ores 
in  the  Randville  dolomite  (p.  224),  the  origin  of  cherts  (p.  231),  and  in 
the  deposition  or  enrichment  of  Algonkian  ores  (pp.  395-^01). 

18  Maine.    [Well  and  spring  records.] 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
27-55,  1904. 

Discusses  the  general  underground- water  conditions  (pp.  27-28),  and 
gives  tables  and  notes  of  wells  (pp.  29-47)  and  springs  (pp.  47-55).  The 
well  statistics  include  data  on  elevation,  temperature,  analyses,  and  uses, 
and  the  spring  statistics  data  on  temperature,  quality,  analyses,  yield, 
and  uses. 

19  Becker  (George  F.).     Administrative  report  [1879-80]. 

U.  8.  Geol.  Surv.,  Ist  Ann.  Kept.,  pp.  37-t7,  1880. 
Discusses  the  occurrence,  temperatures,  and  composition  of  the  Corn- 
stock  mine  waters  [Nevada]. 

20  Geology  of  the  Comstock  lode  and  the  Washoe  district,  with 

atlas. 

U.  S.  Geol.  Surv.,  Mon.  3,  pp.  422,  atlas,  1882. 

Analyses  of  mine  waters  are  given  (p.  152)  and  the  hot  waters 
encountered,  some  of  which  have  a  temperature  of  170°,  are  described 
(pp  22S-243).  Kaolinization  of  feldspar,  alteration  of  pyrite,  faulting, 
and  solfataric  action  are  considered  as  sources  of  heat,  most  weight  being 
given  to  the  last  (pp.  231-243).  The  water  is  supposed  to  have  come 
from  a  considerable  distance,  and  to  have  penetrated  several  miles  below 
the  surface  (pp.  264  and  387-397) . 
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21  Becker  (George  F.).     Geology  of  the  quicksilver  deposits  of  the 

Pacific  coast,  with  an  atlas. 
U.  S.  Geol.  Surv.,  Mon.  13,  pp.  486,  atlas,  1888. 

■ 

Among  the  subjects  discussed  are  the  lollowing:  Geysers  of  Iceland 
(pp.  24-26),  heat  of  thermal  springs  (p.  441),  hot  springs  in  mines 
(pp.  381-382,402),  association  of  cinnabar  with  hot  springs  (p.  371), 
sulphur  springs  (pp.  367, 777),  hot  springs  and  their  deposits  (pp.  50, 52) , 
and  origin  of  ore,  solvents,  etc.  (pp.  438-475).  The  sinter,  ore,  and 
waters  of  Steamboat  Springs  (pp.  331-353)  and  of  Sulphur  BanK  (pp.  251- 
268)  are  described  and  analyses  given.  The  ores  are  supposed  to  have 
been  deposited  by  hot  ascending  solutions  (p.  416). 

22  Summary  of  the  geology  of  the  quicksilver  deposits  of  the 

Pacific  slope. 

U.  S.  Geol.  Sur\\,  8th  Ann.  Rept.,  pt.  2,  pp.  961-985,  1889. 

Ascribes  the  heat  of  the  solfataric  springs  at  Sulphur  Bank,  California, 
as  resulting  from  basalt  eruption.  The  water  carries  sulphydrie  acid, 
which  attacks  basalt  and  deposits  sulphur  and  cinnabar.  Discusses  com- 
position of  the  waters  and  refers  deposition  to  loss  of  heat  and  pressure. 
Some  of  the  veins  mark  former  solfataras  (pp.  975-976).  The  springs 
of  the  Knoxville  district,  Steamlwat  Springs,  and  Bailey  Point,  (Califor- 
nia, carry  alkaline  sulphosalts  and  deposit  quicksilver  and  gold.  They 
are  associated  with  basaltic  masses  of  late  geological  age.  The  hot 
springs  at  Oat  Hill  are  also  mentioned  (pp.  976-980). 

23 Administrative  report  [1887-88]. 

U.  S.  Geol.  Surv.,  9t)i  Ann.  Kept,  pp.  100-102,  1889. 

Notes  the  conditions  of  deposition  of  cinnabar  in  hot  springs. 

24  Report  of  the  geology  of  the  Philippine  Islands. 

U.  S.  (ieol.  Surv.,  21pt  Ann.  Rept.,  pt.  3,  pp.  487-^14,  1900. 

In  connection  with  the  discussion  of  volcanoes  the  warm  springs  of 
Panay,  the  solfataras  and  hot  springs  of  Albay  and  their  deposits,  and 
the  Hot  Springs  of  Los  Baflos  are  described  (pp.  531-534). 

25  Beede  (J.  W.),Prosser  (Charles  S.)  and.    Cottonwood  Falls  folio, 

Kansas. 
U.  S.  (Jeol.  Surv.,  GenL  Atlas  of  U.  S.,  folio  no.  109,  pp.  6,  1904. 
See  Prosper  (Charles  S.)  and  Beede  (J.  W.) 

26  Boutwell  (J.  M.).     Progress  report  on  the  Park  City  mining  dis- 

trict, Utah. 

U.  S.  (;eol.  Surv.,  Bull.  no.  213.  pp.  31-40,  1903. 
Descril)es  the  underground  waters  encountered  in  the  mines  and  the 
collection  of  the  domestic  supply  from  a  tunnel  (p.  33). 

27  Ore  deposits  of  Bingham,  Utah. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  105-122,  1903. 

Notes  the  occurrence  of  springs  in  Bingham  Canyon  and  the  tapping 
of  subterranean  water  courses  by  the  underground  workings.  The 
water  supply  is  thus  obtained  (p.  107). 
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28  Bout^^eU  (J.  M.).     Progress  report  on  the  Park  City  mining  dis- 

trict, Utah. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  141-150,  1904. 
Notes  difficalties  with  water  in  minee  and  their  removal  by  tunnels 
(p.  149). 

29  New  Hampshire.     [Well  and  spring  records.] 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
56-72,  1904. 

Considers  briefly  the  general  underground- water  conditions  (p.  56), 
and  gives  tables  and  notes  relating  to  wells  (pp.  57-63)  and  springs 
(pp.  64-72).  The  well  statistics  include  data  on  yield,  quality,  compo- 
sition (with  analyses),  materials  penetrated,  uses,  etc.,  and  the  spring 
statistics  data  on  source,  yield,  composition  (including  analyses),  tem- 
perature, and  uses. 

30  Boyd  (David).     Irrigation  near  Greeley,  Colorado. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  9,  pp.  90, 
1897. 

Discusses  nature  (p.  79),  composition  (p.  79),  and  damages  by  seei>- 
age  waters  at  Greeley,  and  considers  remedies  (p.  80).  The  wells  in  the 
r^ion  above  Greeley  are  described  and  legal  decisions  relating  to 
underground  waters  given.  Artesian  flows  (weak)  are  obtained  at 
1,150  feet  at  Greeley,  but  underground  waters  generally  fail  to  reach  the 
Burfape. 

81  Bnrchard  (Ernest  F.).    Lignites  of  the  middle  and  upper  Missouri 
Valley. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  276-288,  1904. 
Gives  data  relating  to  borings  and  well  records  in  Iowa  and  Nebraska 
(pp.  277-278,  281). 

32  [Bomett  (Charles  A.)  and  others.]    Irrigation  literature. 

U.  S.  Geol.  Surv.,  11th  Ann.  Kept.,  pt.  2,  pp.  345-388,  1891. 
Many  of  the  irrigation  papers  listed  contain  references  to  underground 
watere  and  springs. 

33  Bmro'WB  (John   Shoher).  •  The  Barnesboro-Patton  coal  field  of 

central  Pennsylvania. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  295-310,  1904. 
Notes  occurrence  of  mine  waters  (pp.  304,  306). 

C. 

34  Campbell  (Marius  R.).     Richmond  folio,  Kentucky. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  46,  pp.  4,  1898. 

Mentions  the  sulphur,  chalybeate,  and  alum  springs  of  the  Chatta- 
nooga shale  (p.  2),  and  notes  the  occurrence  of  caves,  sinks,  and  under- 
ground channels  of  the  Newman  limestone  (p.  3). 

35  London  folio,  Kentucky. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  47,  pp.  3,  1898. 

The  occurrence  of  chalybeate,  sulphur,  and  ahim  springs  in  the  Chat- 
tanooga shale,  and  of  sinks,  caves,  and  underground  channels  in  the 
Newman  limestone  is  mentioned. 
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36  Campbell  (Marius  K.).     Standingstone  folio,  Tennessee. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  63,  pp.  5,  1899. 
The  oil  springs  which  led  to  the  drilling  for  oil  in  the  region  are 
described. 

37  Danville  folio,  Ulinois-Indiana.     General  geology. 

U.  8.  Geol.  8urv.,  Greol.  Atlas  of  U.  8.,  folio  no.  67,  pp.  1-7  (in  part), 
1900. 

Gives  a  number  of  deep- well  records  in  connection  with  the  discosaion 
of  stratigraphy  (p.  2) . 

38  Huntington  folio,  West  Virginia-Ohio. 

D.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  69,  pp.  6,  1900. 
Gives  a  number  of  deep- well  records  (pp.  3-4). 

39  Charleston  folio,  West  Virginia. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  foUo  no.  72,  pp.  9,  1901. 
Gives  several  deep- well  records  (pp.  3-4). 

40  Raleigh  folio.  West  Virginia. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  77,  pp.  8,  1902. 
Gives  a  number  of  well  and  boring  records  and  sections  (p.  7) . 

41  Masontown-Uniontown  folio,  Pennsylvania. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  82,  pp.  2,  1902. 
Gives  deep-well  record  in  connection  with  stratigraphic  discussion  of 
the  rocks  (p.  8). 

42  [and  Fuller  (Myron  L.)].     Natural  gas:  Petroleum.     Mason- 

town-Uniontown folio,  Pennsylvania. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  82,  pp.  18-20,  1902. 

Gives  a  number  of  deep- well  records  and  a  table  showing  depths  of 
coal,  oil  sands,  etc.,  in  24  wells. 

43.  Campbell  (Marius  R.).     Brownsville-Connellsville  folio. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  94,  pp.  19,  1903. 
Gives  partial  records  of  several  wells  (pp.  7-8). 

44  Latrobe  folio,  Pennsylvania. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  110,  pp.  15,  1904.. 
Gives  a  large  number  of  sections  based  on  well  records  (pp.  5-10)  and 
a  sheet  of  well  sections. 

45  Chaxnberlin  (Thomas  C).     The  requisite  and  qualifying  conditions 

of  artesian  wells. 

U.  S.  Geol.  Surv.,  5th  Ann.  Kept.,  pp.  125-173,  1885. 

Embodies  de^icriptions  and  critical  discussions  of  the  lithologic  and 
structural  requisites  for  artesian  flows,  and  considers  in  some  detail  the 
problems  of  capacity,  height  of  flow,  utilization,  causes  of  decrease  or 
failure  of  flow,  arrangement,  and  testing  of  wells.  The  rej)ort  is  illus- 
trated by  numerous  figures. 
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46  Chamberlin  (T.  C.)  and  Salisbury  (R.  D.).      Weliminary  paper 
on  the  Drif tless  Area  of  the  upper  Mississippi  Vallej. 

U.  8.  Geol.  Sorv.,  6th  Ann.  Rept,  pp.  199-322,  1885. 
Mentions  artesian  wells  at  La  Crosse,  Prairie  du  Chien,  Daboqne,  etc, 
and  gives  thickness  of  drift  penetrated  (pp.  223,  303). 

4:7  Champlin  (F.  A.).    Additional  well  records  in  Massachusetts. 

U.  8.  Geol.  8arv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
112-117,  1904. 

Gives  tables  showing  among  other  data  the  depth,  supply,  and  cost 
of  a  conidderable  number  of  wells  located  at  East  Longmeadow  and 
other  Massachusetts  localities. 

48 Additional  well  records  in  Connecticut. 

U.  8.  Geol.  8urv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
165-168,  1904. 

Gives  tables  showing  among  other  data  the  depth,  yield,  and  cost  of 
wells  at  various  Connecticut  localities. 

49  Chandler  (Albert  E.).     Water  storage,  Cache  Creek,  California. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  45,  pp. 
48,  1901. 

Gives  well  statistics,  including  depth,  cost,  efficiency  of  pumping,  and 
use  for  irrigation  (pp.  24^%),  and  describes  the  artesian  well  near 
Woodland  and  the  artesian  water  of  Scotts  Valley  and  Upper  Lake 
(pp.  28,  32) . 

50  Chatard  (Thomas  M.),  Clarke  (F.  W.)  and.    A  report  of  work 

done  in  the  Washington  laboratory  during  the  fiscal  year 

1883-84. 
See  Clarke  (F.  W.)  and  Chatard  (T.  M.) 

51  Chatard  (Thomas  M.).    Salt-making  processes  in  the  United  States, 

U.  8.  Geol.  Surv.,  7th  Ann.  Kept.,  pp  491-535,  1888. 

Discusses  the  chemistry  of  brines  from  wells  and  other  sources  ( pp. 
498r^99),  and  the  product  and  cost  of  obtaining  salt  from  brines  of  differ- 
ent density  (pp.  ^27-529) . 

52  Clapp  (Frederick  6.),  FnUer  (Myron  L.)  and.     Patoka  folio,  Indi- 

ana-Illinois. 

U.  8.  Geol.  8urv.,  Geol.  Atlas  of  V.  S.,  folio  no.  105,  pp.  12,  1904. 
See  Fuller  (Myron  L.)  and  Clapp  (FrederickXT.). 

53  Clarke  (Frank   Wigglesworth)  and  Chatard  (Thomas  M.).     A 

report  of  work  done  in  the  Washington  laboratory  during 

the  fiscal  year  1883-84. 

U.  8.  Geol.  Surv.,  Bull  no.  9,  pp.  40,  1884. 

Includes  a  considerable  number  of  water  analynefl  from  HpringH  and 
lakes  in  California,  Montana,  Nevada,  Oregon,  Utali,  and  Virginia. 
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54  Clarke  (F.  W.).     Administrative  report  [1883-84]. 

U.  S.  Geol.  Sur\\,  5th  Ann.  Rept.,  pp.  59-62,  1885. 

Gives  partial  list  af  thermal  spring  or  geyser  waters  analyzed  at  the 
Survey  during  the  year,  including  waters  from  Yellowstone  National 
Park,  Montana  and  Virginia. 

55  Report  of  work  done  in  the  division  of  chemistry  and  physics, 

mainly  during  the  fiscal  year  1884-85. 

U.  S.  Geol.  Surv.,  Bull.  no.  27,  pp.  80,  1886. 

Contains  the  following  analyses  (pp.  71-):  (1)  Incrustation  of  silica 
and  alumina  from  gas  well  in  Armstrong  County,  Pennsylvania  (Whit- 
field); (2)  water  from  Matthews  Warm  Springs,  near  Bozeman,  Mon- 
tana (Riggs);  (3)  water  from  White  Sulphur  Springs,  Meagher  County, 
Montana  (Riggs);  and*  (4)  water  from  mineral  spring  near  Santa  Fe, 
New  Mexico  (Clarke). 

56  Report  of  work  done  in  the  division  of  chemistry  and  physics, 

mainly  during  the  fiscal  vear  1885-80. 

U.  S.  Geol.  Surv.,  Bull.  no.  42,  pp.  152,  1887. 

Contains  analyses  by  R.  B.  Riggs  of  waters  from  two  springs  near 
Farm  well  Station,  Loudoun  County,  Virginia;  from  two  artesian  wellH 
at  Story  City,  Iowa;  and  from  Becks  Hot  Springs,  near  Salt  Lake  City, 
Utah. 

57  Administrative  report  [1885-86J. 

U.  S.  Geol.  Surv.,  7th  Ann.  itept.,  pp.  127-130,  1888. 

Describes  the  work  of  F.  A.  Gooch  and  J.  E.  Whitfield  on  spring  and 
geyser  waters  of  the  Yellowstone  National  Park,  and  announces  the 
discovery  of  arsenic  in  the  waters.  The  difficulties  of  analysis  are 
mentioned. 

58  Administrative  report  [1886-87]. 

U.  S.  Geol.  Surv.,  8th  Ann.  Rept.,  pt.  1,  pp.  189-193,  1889. 

Mentions  the  analysis  of  18  spring  and  well  waters,  and  notes  the 
therapeutic  value  of  the  waters  of  the  Yellowstone  National  Park  on 
a(!count  of  the  boric  acid  and  arsenic  which  they  contain.  Deeignatee 
the  studies  of  Gooch  and  Whitfield  as  among  the  most  complete  on 
record. 

59  Report  of  work  done  in  the  division  of  chemistry  and  physics, 

mainly  during  the  fiscal  year  1886-87. 

U.  S.  Geol.  Surv.,  Bull.  no.  55,  pp.  96,  1889. 

Contains  analyses  of  artesian  waters  in  Georgia  and  Alabama  by  Riggs; 
of  water  from  Hot  and  Potash  Sulphur  Springs,  Arkansas,  by  Clarke, 
and  of  a  spring  water  from  near  Fort  Wingate,  New  Mexico,  by  Clarke. 

60  Report  of  work  done  in  the  division  of  chemistry  and  physics, 

mainly  during  the  fiscal  year  1887-88. 

U.  S.  Geol.  Sur\-.,  Bull.  no.  60,  pp.  174,  1890. 

Analyses  of  the  following  waters  are  given  (pp.  171-174):  (I)  Spring 
water,  Lincoln  County,  North  Carolina  (Clarke) ;  spring  water,  McLeans- 
borough,  Illinois  (Riggs);  (3)  deep  well  water,  Lebanon,  Missouri, 
(Eakins);  (4)  and  (5)  spring  waters.  Hominy  Hill,  Arkansas,  (Whit- 
field); (6)  spring  water,  Denver,  Colorado  (P^kins),  and  (7)  water  from 
Matilija  Hot  Springs,  near  San  Buenaventura,  California  (Riggs). 
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61  Clarke  (F.  W.).  A  report  of  work  done  in  the  division  of  chem- 
istry and  physics,  mainly  during  the  fisc^al  year  1888-89. 

IT.  8.  Geol.  Sur\\,  Bull.  no.  64,  pp.  60,  1890. 

Contains  analyses  by  T.  M.  Chatard  of  npring  water  from  Mountain 
City,  Tennessee;  spring  water  from  Grace  Spring,  Laurel  Bloomery, 
Tennessee;  water  from  the  Murry  Well,  Frankfort,  Kentucky;  from 
two  artesian  wells  at  8t.  Augustine,  Florida,  and  from  wells  near 
Clinton,  Massachusetts  (pp.  57-60). 

62 Report  of  work  done  in  the  division  of  chemistry  and  physics, 

mainly  during  the  fiscal  year  1889-90. 

U.  S.  Geol.  Surv.,  Bull.  no.  78,  pp.  131,  1891. 

Contains  an  analyses  of  a  spring  water  from  Webster  Grove,  near  St. 
Louis,  Missniri  (Hillebrand  and  Howard) . 

H3 Administrative  report. 

U.  S.  Geol.  Surv.,  13th  Ann.  Rept.,  pt.  1,  pp.  15^162,  1892. 

Describes  analyus  showing  sulphate  of  zinc  in  springs  in  Missouri, 
and  mentions  temperature  work  in  deep  wells  at  Wheeling  and  Crumps 
Bottom,  West  Virginia. 

M  Report  of  work  in  the  division  of  chemistry  during  the  fiscal 

years  1891-92  and  1892-93. 
U.  8.  Geol.  Surv.,  Bull.  no.  113,  pp.  115,  1893. 

Gives  analyses  of  waters  from  Caledonia  and  American  Carlsbad  springs 
of  Caledonia  and  Nashville,  New  York,  and  of  a  thermal  spring  near 
Ojo  Caliente,  New  Mexico  (pp.  113-114). 

tJo Analyses  of  rocks  from  the  laboratory  of  the  United  States 

Geological  Survey,  1880-1903. 

r.  8.  Geol.  Surv.,  Bull.  no.  228,  pp.  375,  1904. 

Among  analyses  are  included  travertines,  tufas,  and  calcareous  and 
silicious  sinters  from  Yellowstone  National  Park,  by  J.  E.  Whitfield  and 
F.  A.  Gooch  (pp.  298-299,  322-323).  Several  of  the  analyses  are  pub- 
lished for  the  first  time. 

66  dements  (J.  Morgan)  and  Smith  (H.  L.).     Crystal  Falls  iron- 

bearing  district  of  Michigan. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept,  pt.  3,  pp.  19-146,  1898. 

Notes  the  work  of  infiltrating  waters  in  the  deposition  of  ores  of  the 
Mansfield  formation  (p.  43)  and  Upper  Huronian  (p.  80). 

67  dements  (J.  Morgan).    The  Crystal  Falls  iron-bearing  district  of 

Michigan:  The  western  part  of  the  Crystal  Falls  district. 

U.  8.  Geol.  Surv.,  Mon.,  vol.  36,  pp.  11-322,  1899. 

In  the  discussion  of  the  ores  of  the  Mansfield  slate  the  drowning  of 
the  Mansfield  mine  by  a  caving  of  tlie  roof,  allowing  the  river  to  enter,  is 
mentioned  (pp.  65-66).  The  ores  are  regarded  in  part  as  replacement 
deposits,  due  to  alteration  by  downward  infiltrating  waters  (p.  76,  etc.). 
The  ores  of  4he  Upper  Huronian  are  regarded  as  concentrations  in  a  syn- 
clinal trough  (pp.  183-184). 
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68  Clements  (J.  Morgan),  Leith  (C.  K.),  Van  Hise  (C.  R.)  and. 

Iron-ore  deposits  of  Lake  Superior  region. 
See  Leith  (C.  K. )  and  Clements  (J.  Morgan)  and  Van  Hise  (C.  R.). 

69  The  Vermilion   iron-bearing  district  of  Minnesota,  with  an 

atlas. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  45,  pp.  463,  atlas,  1903. 

The  ores  of  the  Soudan  formation  are  ascribed  to  replacement  of 
cherty  carbonates  in  sedimentary  rocks,  including  jaspellites,  by  down- 
ward percolating  waters  (pp.  227-234).  Underground  circulation  and 
processes  of  replacement  are  considered  (pp.  228-230).  Explanations 
similar  to  those  of  the  Soudan  ores  are  applied  to  those  of  the  Agawa 
formation  (p.  329). 

70  Collier  (Arthur  J.).     A  reconnaissance  of  the  northwestern  por- 

tion of  Seward  Peninsula,  Alaska. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  2,  pp.  70,  1902. 

Describes  the  boiling  sulphur  springs  along  Spring  Creek  in  the  Shish- 
maref  region.  They  are  surrounded  by  a  mound  of  deposits  10  fct*t 
wide  and  2  feet  high  (p.  56). 

71  Cooper  (W.  F.).    Lower  Michigan.    [Well  and  spring  records.] 

U.  S.  Geol.  Surv., Water-Supply  and  Irrigation  Paper  no.  102,  pp.  489- 
512,  1904. 

Considers  briefly  the  general  underground  water  conditions  (p.  489), 
and  gives  tables  and  notes  on  wells  (pp.  490-506)  and  springe  (pp.  507- 
512).  The  well  data  includes  depth,  head,  source,  temperature,  yield, 
quality  (with  analyses),  uses,  and  records;  the  spring  data,  temperature, 
quality  (with  analyses),  yield,  source,  uses,  and  improvements. 

72  Co'wgill  (Elias  Branson).     Irrigation  practice  on  the  Great  Plain.s. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  5,  pp. 39, 1897. 
Among  other  methods  the  paper  considers  pumping  for  irrigation 
purj)ose8  (p.  14). 

73  Crosby  (William  O.)  and  La  Forge  (Laurence).     Massachusetts. 

[Well  and  spring  records.] 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp.  94- 
111,  1904. 

Considers  briefly  the  general  underground  water  conditions  (pp.  94- 
95)  and  gives  tables  and  notes  relating  to  wells  (pp.  96-102)  and  springs 
(pp.  102-111).  The  \tell  data  includes  source,  yield,  quality,  temiiera- 
ture,  uses,  records,  and  analyses;  the  spring  data,  temperature,  quality, 
yield,  source,  uses,  and  analyses. 

74  Crosby  (William  O.).     Rhode  Island.     [Well  and  spring  records.] 

IT.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
119-125,  1904. 

Gives  well  tables  showing  diameter,  depth,  source,  temperature,  yield, 
quality,  uses,  analyses,  etc.,  and  spring  tables  giving  temperature,  qual- 
ity, yield,  source,  analyses,  and  u.«es. 
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75  Cross  (Whitman).     Geology  of  the  Rico  Mountains,  Colorado: 

Outline  of  the  geology. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Kept.,  pt.  2,  pp.  17-36,  1900.  Landslides, 
ibid.,  pp.  129-151. 

Describes  the  occurrence  of  springs  charged  with  H,S,  COj,  and 
CaCOj,  which  are  perhaps  remnants  of  solfataric  action  (p.  33).  De- 
scribes the  work  of  underground  waters  in  assisting  landslides. 

76  Curtis  (Joseph  Story).     Silver-lead  deposits  of  Eureka,  Nevada. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  7,  pp.  200,  1884. 

Gives  a  chapter  on  the  water  in  mines,  discussing  its  relation  to  fis- 
sures and  types  of  rock  (pp.  107-110).  Notes  the  influence  of  water 
level  on  oxidation  (p.  51).  Mentions  ore  deposits  of  caves  in  Missouri 
and  upper  Mississippi  Valley  (pp.  65-66),  and  ascribes  the  chamber 
deposits  of  Eureka  to  ascending  underground  waters  (pp.  71-74). 


77  Dall  (William  Healey),  and  Harris  (Gilbert  Dennison).     Correla- 

tion papers.     Neocene. 

V.  S.  Geol.  Surv.,  Bull.  no.  84,  pp.  349,  1892. 

A  number  of  well  sections  are  given  in  connection  with  descriptions 
of  rocks  of  New  Jersey  (pp.  41-44),  Delaware  (p.  46),  and  Florida  (pp. 
103,  108-109).  Tlie  natural  wells  of  North  Carolina  (p.  72),  and  the 
circulation  of  w^ater,  including  underground  streams  in  Florida,  is  con- 
sidered, and  sinks  and  other  topographic  features  resulting  from  solu- 
tion mentioned.     Some  of  the  Florida  springs  are  described  (pp.  88-95). 

78  Darton  (Nelson  Horatio).     Bibliography  of  North  American  geol- 

ogy for  1886. 

U.  S.  Geol.  Surv.,  Bull.  no.  44,  pp.  35,  1887. 

Several  water  papers  are  listed  under  author's  name,  but  are  not 
indexed  by  subjects.  " 

79  Record  of  North  American  Geology  for  1887  to  1889,  inclusive. 

U.  S.  Geol.  Surv.,  Bull.  no.  75,  pp.  173,  1891. 
Water  papers  listed  in  general  only  under  authors. 

80  Record  of  North  American  Geology  for  1890. 

U.  S.  Geol.  Surv.,  Bull.  no.  91,  pp.  88,  1891. 
Water  papers  are  not  listed  except  under  authors. 

81  Record  of  North  American  Geology  for  1891. 

U.  S.  Geol.  Surv.,  Bull.  no.  99,  pp.  73,  1892. 

Papers  relating  to  water  are  listed  only  under  authors'  names. 

82  Fredericksburg  folio,  Virginia-Maryland. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  13,  pp.  6,  1894. 

Describes  the  undei^round  waters  at  the  base  of  the  Columbia  and 
La&iyette  formations  and  the  artesian  waters  of  the  sandy  horizons  of 
the  Potomac  and  Pamunkey.  The  areas  of  probable  flowing  waters  are 
defined  (p.  6). 

to 

83 Administrative  report. 

U.  S.  Geol.  Surv.,  15th  Ann.  Rept.,  pp.  153-155,  1895, 
Describee  work  relating  to  ^irtesian  waters  (p.  155), 
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84  Darton  (Nelson  Horatio:)    Prelitninary  report  on  artesian  waters 

of  a  portion  of  the  Dakotas. 

U.  S.  Geol.  Surv.,  17th  Ann.  Kept.,  pt.  2,  pp.  603,  1896. 

The  paper  gives  an  outline  of  the  geologic  conditions  (pp.  610-612) 
and  describes  the  various  water  horizons  (pp.  612-614)  and  their  extent 
(pp.  614-617),  after  which  the  descriptions  of  the  wells  and  of  the  well 
prospects  in  the  Dakotas  are  taken  up  by  counties  (pp.  617-665).  The 
pressure  and  head  (pp.  66&-670),  composition  (pp.  676-679) ,  origin  (pp. 
679-680),  and  amount  (pp.  680-681)  of  the  waters,  together  with  their 
use  for  irrigation  (pp.  681-690)  and  power  (pp.  690-691 )  are  considered. 
The  problems  of  construction  and  management  are  also  treated.  Numer- 
ous sections  and  other  illustrations  are  given. 

86  Catalogue,  and  index   to  contributions  to  North  American 

geology,  1732-1891. 

U.  S.  Geol.  Surv.,  Bull.  no.  127,  pp.  1045, 1896. 

Artesian  waters  and  springs  are  not  index e<i  as  such,  but  a  few  refer- 
ence occur  under  geologic  philosophy,  miscellaneous,  and  under  geologic 
philosophy,  chemic  geology. 

86  Artesian  well  prospects  in  the  Atlantic  Coastal  Plain  region. 

U.  S.  (4eol.  Surv.,  Bull.  no.  138,  pp.  232,  1896. 

Discusses  the  geologic  structure  and  artesian  conditions  (pp.  18-22) 
and  describes  the  water  horizons,  wells,  structure,  conditions,  prospects, 
composition  of  waters,  etc.,  for  each  of  the  States  from  New  York  to 
Georgia.  Among  the  water-bearing  formations  considered  are  the 
Crystalline  rocks,  Potomac,  Matawan,  Middle  Marl  (Rancocas)  Miocene, 
Pamunkey,  Redbank,  Chesapeake,  Columbia,  etc. 

87 Nomini  folio,  Maryland-Virginia.  * 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  23,  pp.  4,  1896. 

Describes  springs  and  shallow  and  artesian  wells.  Flowing  water 
comes  from  the  Chesai>eake  formation,  but  occurs  only  in  the  lowlands, 
pumping  being  resorted  to  in  the  uplands.  The  shallow  waters  are 
from  the  base  of  the  Columbia  or  Lafayette.  Gives  a  map  showing  the 
areas  of  flowing  wells  and  the  depths  to  the  basal  sands  of  the  Chesa- 
peake, and  the  sands  within  and  at  the  base  of  the  Pamunkey  (p.  4). 

88  Franklin  folio,  West  Virginia- Virginia. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  32,  pp.  6,  1896. 
Notes  the  occurrence  of  sinks  in  the  Shenandoah  and  caverns  in  the 
Lewistown  limestone  (pp.  2-3). 

89  New  developments  in  well  boring  and  irrigation  in  eastern 

South  Dakota,  1896. 

U.  S.  Geol.  Surv.,  18th  Ann.  Kept.,  pt.  4,  pp.  661-615,  1897. 

Gives  progress  of  well  sinking  by  counties  (pp.  568-590)  and  shows 
view  of  lake  supplied  by  artesian  water  (pi.  39).  Area  of  known  arte- 
sian water  has  been  extended  up  the  Missouri  Valley  above  Pierre  and 
probably  to  Bismarck,  up  the  Big  Cheyenne  to  the  Black  Hills,  and  up 
Moreau  River  and  elsewhere.  Many  heavy  pressures  have  been 
encountered  (pp.  590-592).  Other  points  considered  or  illustrated  are 
depth  to  l)ed  nx^k,  iL^e  of  well  water  for  irrigation,  temperature  of  well 
waters,  chemical  analyses  of  wells  and  nprings,  and  volume  (pp.  592-615). 
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90  Darton  (Nelson  Horatio).     Preliminary  report  on  the  geology  and 

water  resources  of  Nebraska  west  of  the  one  hundred  and 

third  meridian. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept.,  pt.  4,  pp.  719-785,  1898. 

Discusses  topography  and  geology  (pp.  727-760),  undergroand  waters 
(pp.  761-766),  springs  (pp.  766-768),  and  windmill  irrigation  from  wells 
(p.  780).  The  following  water  horizons  are  considered:  Alluvium, 
Pierre,  C^allala,  Arikaree,  Gering,  Brule,  Chadron,  Laramie,  and 
Dakota  formations,  and  the  Carboniferous  limestones.  Many  illustra- 
tions and  two  underground  water  maps  are  given. 

91  Underground  waters  of  a  portion  of  southeastern  Nebraska. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  12,  pp.  56, 
1898. 

Describes  the  topography  (pp.  12-14)  and  the  geology  (pp.  14-24)  of 
the  region  and  considers  the  shallow  water-bearing  horizons  (laigely 
under  150  feet  in  depth)  in  fifteen  counties  (pp.  24-45).  Of  the  deep 
borings,  from  590  to  2,460  feet,  only  one  appears  to  have  reached  the 
Dakota  sandstone,  and  this  was  a  failure.  Although  drilling  through 
the  Cretaceous  would  be  expensive,  Dakota  water  could  probably  be 
obtained  at  many  points  (pp.  47-48).  The  U9e  of  undeiground  waters 
for  irrigation  is  described  for  seven  counties. 

92  Monterey  folio,  Virginia- West  Virginia. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  61,  pp.  7,  1899. 
Notes  the  occurrence  of  thermal  springs,  sinks,  and  caves  in  the 
Shenandoah  limestone  (p.  2). 

93  Preliminary  description  of  the  geology  and  water  resources 

of  the  southern  half  of  the   Black  Hills  and  adjoining 
regions  of  South  Dakota  and  Wj^oming.  * 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept,  pt.  4,  pp.  489-599,  1900. 

Discusses  the  topography  and  geology  (pp.  498-^562)  and  considers  the 
waters  of  the  Dakota-Lakota,  Minnelusa,  and  Deadwood  sandstones, 
including  wells  and  springs  (pp.  563-^74). 

94  Washington  folio,  District  of  Columbia-Maryland- Virginia. 

Underground  water. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  70,  pp.  7,  1901. 

Describes  the  sources  of  water  supplies,  including  the  crystalline  rocks, 
and  the  Potomac,  Columbia,  and  other  sedimentary  beds.  A  map 
showing  depths  to  the  top  and  base  of  the  Potomac  formation  is  given. 

95  Preliminary  list  of  deep  borings  in  the  United  States.     Part 

1  (Alabama-Montana). 

U.  S.  Geol.  Surv.,  'Water-Supply  and  Irrigation  Paper  no.  57,  pp.  60, 
1902. 

Consists  of  tables  giving  town,  county,  depth,  diameter,  yield,  head, 
temperature,  quality,  etc.,  of  wells  over  400  feet  alphabetically  arranged 
by  States  from  Alabama  to  Montana.  References  to  published  records 
are  given. 
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96  Darton  (Nelson  Horatio).     Preliminary  list  of  deep  borings  in  the 

United  States.     Part  2  (Nebraska- Wyoming). 

U.  8.  Geol.  Siirv. ,  Water-Rupply  and  Irrigation  Paper  no.  61 ,  pp.  67, 1902. 
Ck)ntain8  well  statistics  alphabetically  arranged  by  States  from  Nebraska 
to  Wyoming. 

97  Norfolk  folio,  Virginia-North  Carolina. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  80,  pp.  4,  1902. 

Gives  a  number  of  shallow  well  sections  in  the  text  and  columnar 
sections  of  the  deep  wells  at  Norfolk  and  Fort  Monroe  on  the  Well  Sec- 
tion Sheet.  Most  of  the  well  supplies  are  from  the  base  of  the  Colum- 
bia, the  deep  wells  reaching  into  the  Potomac  generally  obtaining  salt 
water.  Several  analyses  are  given.  The  results  of  the  deep  wells  at 
Norfolk,  Fort  Monroe,  Newport  News,  and  Virginia  Beach  are  discussed. 

98  Oelrichs  folio,  South  Dakota-Nebiuska. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  85,  pp.  6,  1902. 
Describes  the  thermal  springs  of  the  Minnekahta  limestone  (p.  3),  and 
gives  a  map  showing  the  outcrop  of  the  Dakota  sandotone,  the  areas  of 
.    flowing  and  pump  wells,  the  depth  to  the  top  of  the  Dakota  sandstone^ 
and  the  altitude  to  which  the  water  will  rise  (pp.  5-6). 

99  Preliminary  report  on  the  geology  any  water  resources  of 

Nebraska  west  of  the  one  hundred  and  third  meridian. 

U.  8.  Geol.  Surv.,  Prof.  Paper  no.  17,  pp.  69,  1903. 
Revised  edition  of  no.  90. 

100  Camp  ClaVke  folio,  Nebraska. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  87,  pp.  4,  1903. 

Descril)e8  the  character  and  volume  of  Hprings  and  notes  the  sinking 
into  the  ground  of  the  waters  (p.  1).  The  shallow  waters  of  the  river 
bottoms  and  the  waters  of  the  Arikaree  and  Ogallala  formations  are  con- 
sidered. On  the  table-land  abundant  and  good  water  can  be  obtaine<i 
at  depths  of  from  200  to  300  feet.  The  Dakota  sandstone  is  untesteil, 
but  is  prolmbly  within  reach  of  the  drill  and  will  yield  good  and  abund- 
ant flows  (p.  6). 

101  Scotts  Bluff  folio,  Nebraska. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  88,  pp.  5,  1903. 

Notes<  the  occurrence  of  spring  an<l  seepage  water  in  the  valley  of 
Pumpkin  Creek  (p.  1)  and  describes  the  undei^round  waters  of  the 
alluvium,  etc.,  along  the  North  Platte  (p.  5).  The  presence  of  shallow 
water  on  the  uplands  is  uncertain,  as  is  also  the  ca.se  in  the  Brule  clay, 
l)ec>ause  of  \t»  fissures  and  crevices.  The  Laramie  is  regarded  as  a  ]H>KHi- 
ble  source  of  water.  The  Dakota  is  untesttHl,  but  could  probably  Ih» 
reache<l  at  2,000  feet  or  more  and  be  likely  to  furnish  good  flows.  The 
Arikaree  fonnations  furnishes  water  on  the  plateau  at  a  depth  of  200  feot 
and  outcrojis  with  springs  in  the  canyons  (p.  5). 

102  Newcastle  folio,  Wyoming-South  Dakota. 

II.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  107,  pp.  9,  1904. 

Gives  a  numl)er  of  well  records  (pp.  3-5,  8)  and  discuwes  at  length 
the  underground  waters  of  the  Dakota,  Lakota,  and  Pahasapa  horizons 
(pp.  8-9).  An  analysis  of  Dakota  water  is  given  (p.  8).  The  artesian 
water  map  shows  the  depths  of  the  Dakota  and  Pahasapa  standstoiu^ 
and  the  areas  of  flowing  and  pump  wells.  The  finding  oi  brines  is 
recorded  and  an  analysis  giyen  (p.  9). 
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103  Darton  (Nelson  Horatio)  and  (Smith)  W.  S.  Tangier.     Edgemont 

folio.  South  Dakota-Nebranka. 

U.  S.  Geol.  Surv.,  Geol.  Atlaa  of  U.  S.,  folio  no.  108,  pp.  10,  1904. 

Describes  the  occarrence  of  sinks  and  caves  in  the  Minnekahta  lime- 
stone (p.  3)  and  of  recent  calcareous  tufa  deposits  (p.  7).  The  occur- 
rence of  underji^round  waters  from  the  Dakota  and  Lakota  sandstones, 
together  with  records  and  analyses,  are  discussed  (p.  9)  and  a  map 
showing  the  areas  of  flowing  and  pump  wells  and  the  depth  and  head 
of  the  water  is  given. 

104  Darton  (Nelson  Horatio).  Western  hydrology. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  93,  pp. 
117-120,  1904. 

Tells  of  the  formation  and  scope  of  the  western  section,  division  of 
hydrology,  and  describes  the  work  in  Arizona,  California,  Colorado, 
Kansas,  Nebraska,  N^w  Mexico,  North  Dakota,  Oklahoma,  Oregon, 
South  Dakota,  Texas,  Washington,  and  Wyoming.  The  work  of  the 
following  men  is  considered:  W.  T.  Lee,  W.  C.  Mendenhall,  C.  E. 
Siebenthal,  G.  E.  Condra,  E.  H.  Barbour,  C.  R.  Keyes,  C.  N.  Gould, 
D.  E.  Willard,  C.  M.  Hall,  F.  A.  Wilder,  I.  C.  Russell,  J.  E.  Todd, 
G.  B.  Richardson,  Henry  Landes,  C.  A.  Fisher,  and  C.  C.  O'Harra. 

106  Davis  (Arthur  Powell).  Report  of  progress  of  stream  measure- 
ments for  the  calendar  year  1896. 

U.  S.  Geol.  Surv.,  18th  Ann.  Rept,  pt.  4,  pp.  1-418,  1897. 

Notes  the  decrease  in  flow  of  wells  and  springs  in  Georgia  (p.  71)  and 
describes  the  limestone  springs  along  the  Etowah  River,  Georgia  (p. 
109).  Seepage  into  lava  from  Malad  River,  Idaho  (p.  337),  and  the 
springs  and  underflow  along  Little  Fountain  Creek,  California  (p.  231), 
are  also  considered. 

106  Irrigation  near  Phoenix,  Arizona. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  2,  p.  98, 
1897. 

Discusses  underground  waters  briefly  (pp.  86-92),  naming  Phoenix 
and  Mesa  as  examples  of  localities  having  large  flows  due  in  part  to 
additions  received  by  the  underground  supplies  through  seepage  from 
irrigated  tracts.  Gives  a  list  of  wells  of  Pinal  and  Maricopa  counties, 
together  with  statistics;  considers  the  amount  of  underflow  to  be  over- 
estimated, the  effect  of  evaporation  underestimated ;  discusses  the  cost 
of  pumping. 

107  Investigations  in  Arizona. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  93,  pp. 
128-130,  1904. 
Irrigation  of  50,000  acres  by  wells  is  expected  (p.  128) . 

108  Day  (David  T.).    Bromine. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1883-84,  pp.  851-853,  1885. 
Notes  the  brines  of  the  wells  of  West  Virginia  and  Ohio  as  sources  of 
bromine. 

109  Iodine. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1883-84,  pp.  854-858,  1885. 
like  bromine,  iodine  is  devived  from  the  waters  of  salt  wells. 
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110  Day  (David  T.).    Sulphur. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1883-84,  pp.  8ft4-876,  1885. 
Notes  the  derivation  of  sulphar  from  hot  spring  deposits  in  Nevada 
and  from  solfataras  in  Utah  (pp.  865-866). 

111  Bromine. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1885,  pp.  486-487,  1886. 

Notes  the  extraction  of  bromine  from  the  brines  of  the  salt  wells. 

112  [ ]  Salt. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1885,  pp.  474-485,  1886. 
Discusses  the  brines  from  wells  or  springs  of  Michigan,  New  York, 
California,  Nevada,  and  Idaho. 

113  Administrative  report  [1886-87]. 

U.  8.  Geol.  Surv.,  8th  Ann.  Rept.,  pt.  1,  pp.  195-201,  1889. 
Reports  8,950,317  gallons  of  mineral  water,  with  a  value  of  $1,284,070, 
sold  during  1886.    This  is  a  slight  increase  over  the  previous  year. 

114  Administrative  report  [1887-88]. 

U.  S.  Geol.  Surv.,  9th  Ann.  Rept,  pp.  134-140,  1889. 
The  production  of  mineral  waters  for  1887  is  stated  as  8,259,609  gal- 
lons, with  a  value  of  $1,261,473. 

116  Administrative  repyort  [1888-89]. 

U,  S.  Geol.  Surv.,  10th  Ann.  Rept,  pt  1,  pp.  182-188,  1890. 
The  product  of  mineral  waters  for  1888  is  given  as  9,628,568  gallons, 
valued  at  $1,709,302,  an  increase  in  both  amount  and  value. 

116  Administrative  report  [1890-91]. 

U.  S.  Geol.  Surv.,  12th  Ann.  Rept,  pt  1,  pp.  129-134,  1891. 
Gives  the  production  of  mineral  waters  for  1890  as  14,000,000  gallons, 
valued  at  $2,000,000. 

117  [ ]  Salt  [1891]. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.  1891,  pp.  572-578,  1893. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
year  1891. 

118  [ ]  Bromine  [1891]. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.  1891,  p.  579.  1893. 

Gives  production  of  bromine  as  a  by-product  of  brines,  etc.,  for  1891. 

119  Administrative  report  [1893-94]. 

U.  S.  Geol.  Surv.,  15th  Ann.  Rept,  pp.  203-209,  1895. 
Gives  the  production  of  mineral  waters  for  1893  as  23,544,495  gallons, 
with  a  value  of  $4,246,734  (p.  209). 

120  Day  (William  C).     Potassium  salts. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1887,  pp.  628-650,  1888, 
These  salts  are  obtained  in  part  from  the  brine  of  wells  and  springs. 
Analyses  are  given. 


121  DiUer  (Joseph  Silas).     Lassen  Peak  folio,  California. 

U.  S.  Geol.  Surv.,  (Jeol.  Atlafl  of  U.  S.,  folio  no.  15,  p.  4,  1895. 
Mentions  or  descrilx^s  a  number  of  solfataras,  hot  springs,  mud  pools, 
geysers,  and  sulphur  deposits  (p.  2). 
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122  DiUer  (Joseph  Silas).     Stalactites.     The  educational  series  of  rock 

specimens  collected  and  distributed  by  the  United  States 
Geological  Survey. 

U.  8.  Geol.  Surv.,  Bull.  no.  150,  pp.  98-99,  1898. 
Explains  origin  through  action  of  underground  waters. 

123  Dodwell  (Arthur)  and  Rizon  (Theodore  F).    Forest  conditions 

in  the  Cascade  Forest  Reserve,  Oregon:  Cascade  Range 
Forest  Reserve  between  townships  18  and  29  south. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  9,  pp.  147-227,  1903. 
Describes   underground    channel    through    which   fish    pass    from 
Deschutes  River  to  Odell  and  Davis  lakes  (p.  148). 

124 Leiberg    (John    B.),    Rizon    (Theodore),    and.     Detailed 

descriptions  [of  timber  of  townships].     Forest  conditions 
in  the  San  Fi-ancisco  Mountains  forest  reserve,  Arizona. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  22,  pp.  35-91,  1904. 

See  Leiberg  (John  B.),  Rixon  (Theodore),  and  Dodwell  (Arthur). 

125  Drake  (Noah  Field),  Tiindgrftn  (Waidemar),  and.     Nampa  folio, 

Idaho-Oregon. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  103,  pp.  5, 1904. 
See  Lindgren  (Waidemar)  and  Drake  (N.  F.).  • 

126  Silver  City  folio,  Idaho. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  105,  pp.  6,  1904. 
See  Lindgren  (Waidemar)  and  Drake  (N.  F.). 

127  Dutton  (Clarence  E.).     The  physical  geography  of  the  Grand 

Canyon  district. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept,  pp.  47-166,  1882. 

Notes  several  springs  available  for  camp  supplies  in  the  Kaibab  and 
other  parts  of  the  plateau  district,  and  mentions  the  occurrence  of  sink- 
ing streams  (pp.  122, 134). 

128  Tertiary  history  of  the  Grand  Canyon  district,  with  atlas. 

U.  S.  (leol.  Surv.,  Mon.,  vol.  2,  264  pp.,  atlas,  1882. 

Springs  in  canyons  are  mentioned  or  described  on  pages  130, 135, 158, 
159,  and  168;  on  the  Kaibab  on  pages  129, 139, 157, 166, 171, 172,  on  the 
Uinkaret,  page  82.  Springs  arealso  treated  on  pages  158, 159, 168,  and  234. 
Sinking  streams  are  considered  on  pages  129  and  138,  and  subterranean 
drainage  on  page  138. 

129  Administrative  report.     [1886-87.] 

U.  S.  Geol.  Surv.,  8th  Ann.  Rept.,  pt.  1,  pp.  156-165,  1889. 

Mentions  two  immense  springs  giving  rise  to  Metolias  River,  on  east 
flank  of  cascades,  which  is  70  to  80  feet  wide  and  too  deep  to  ford.  Other 
large  springs  are  noted. 


26  BIBLIOGRAPHIC   BEVIEW   OF   PAPERS  [no.  120. 

130  Dutton  (Clarence  E.).     The  earthquake  at  Charleston  of  August 

31,  1886. 

U.  S.  Geol.  Surv.,  9th  Ann.  Rept.,  pp.  203-328,  1889. 

Notes  the  forcing  up  of  fresh  water  and  mud,  the  formation  of  mud 
craterleta,  sink  holes,  etc.  (pp.  224,  241,246,280-281,283,296,297,298, 
302, 322).  Mention  is  made  of  the  failure  of  artesian  wells  at  Ten  Mile 
Hill,  Georgia  (p.  284),  and  of  rise  of  water  in  certain  wells  in  Alabama 
(p.  411).    The  supposed  effect  on  Iowa  wells  is  discredited  (p.  443). 

E. 

131  Eckel  (Edwin  C).     Salt  and  gypsum  deposits  of  southwestern 

Virginia. 
U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  406-416,  1903. 
Describes  salt  wells  (pp.  407, 408, 413)  and  gives  records  (pp.  408-409). 
Analyses  of  brines  from  Virginia,  New  York,  Ontario,  Michigan,  Penn- 
sylvania, West  Virginia,  England,  and  France  are  also  given  (p.  414). 

132  Hayes  (C.   Willard)  and.     Iron  ores  of   the   Cartersville 

district,  Georgia. 
See  Hayes  (C.  W.)  and  Eckel  (E.  C). 

133  ; Hayes  (C.  AV.)  and.     Occurrence  and  development  of  ochei 

deposits  in  the  Cartersville  district,  Georgia. 
See  Hayes  (C.  W.)  and  Eckel  (E.  C). 

134  Eckel  (Edwin  C).    The  salt  industry  in  Utah  and  California. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  488-495,  1904. 

Notes  the  derivation  of  salt  from  springs  in  California  (p.  494). 

135  - — Johnson  (Lawrence  C.)  and,  Mississippi.     [Well  records.] 

U.   S.  Geol.  Surv.,  Water  Supi)ly  and  Irrigation  Paper  no,  102,  pp. 
3:32-^57,  1904. 
See  Johnson  (Lawrence  C. )  and  Eckdl  (Edwin  C. ). 

136  Eldridge  (George    Hoinans).     A  geological    reconnoissance    in 

northwest  Wyoming. 
U.  S.  Geol.  Surv.,  Bull.  no.  119,  pp.  72,  1894. 

The  paper  describes  the  Stinking  Water,  Big  Horn,  and  Fort  Washa- 
kie Sulphur  Springs.  All  are  hot  or  warm,  have  copious  flows,  and  are 
surrounded  by  mineral  deposits,  the  first  by  a  geyser  cone.  The  waters 
are  considered  to  possess  valuable  medicinal  properties.  The  Big  Horn 
and  Fort  Washakie  springs  occur  at  the  crest  of  anticlines. 

137  Anthracite-Crested    Butte  folio.     Description  of    the  sedi- 

mentary formations. 

U.  S.  Geol.  Surv.,  Geol.  Atlaa  of  U.  S.,  folio  no.  9,  pp.  6-10,  1894. 
Descrilxjs  hot  springs  and  calcareous  tufa  mounds  along  Ament  Creek 
(p.  9). 
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138  Xildxidge  (Georore  Homans).    Geology  of  the  Denver  Basin  in 

Colorado:  Economic  geology,  artesian  wells. 

U.  S.  GeoK  Surv.,  Mon.,  vol.  27,  pp.  401-465,  1896. 
The  chapter  includes  a  history  of  the  development  of  the  baflin,  and 
discussions  of  the  aKesian  conditions,  water  horizons,  source  of  water, 
<  absorption,  transmission,  capacity,  and  yield  of  water  horizons,  and  life 
of  wells.  Chemical  analyses,  sections,  and  descriptions  of  wells  are 
given,  together  with  statistics  of  location,  date,  casing,  water  horizon, 
depth,  discharge  in  1886  and  1890,  cost,  etc.,  for  357  wells. 

139  ExherBon   (Benjamin    Kendall).     Geology    of    old    Hampshire 

County,  Massachusetts,  comprising  Franklin,  Hampshire, 
and  Hampden  counties. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  29,  pp.  790,  1898. 

Gives  a  number  of  deep- well  records  in  Triassic  rocks  (pp.  380-389), 
but  little  information  relating  to  water.  Springs  are  described  and 
analyses  given  (pp.  751-752). 

140  The  geology  of  eastern  Berkshire  County,  Massachusetts. 

U.  S.  Geol.  Surv.,  Bull.  no.  159,  pp.  139,  1899. 

Describes  the  wells  on  the  Dal  ton  fault,  giving  record,  map,  and 
analysis.  The  water  comes  from  solution  passages  in  the  limestone 
along  the  fault  (pp.  90-92) . 

141  Ximinoiis  (Sanmel  Franklin).     Geology  and  mining  industry  of 

Leadville,  Colorado,  with  atlas, 
r.  S.  Geol.  Surv.,  Mon.,  vol.  12,  pp.  770,  atlas,  1886. 
Among  the  topics  relating  to  underground  waters,  the  following  may 
be  noted:  Caves  in  limestone  (p.  394),  warm  springs  (p.  169),  and  water 
level  in  mines  (p.  378) .  Ores  are  regarded  as  having  been  de|K>sited  by 
descending  aqueous  solutions  following  natural  water  channels  includ- 
ing be<lding  planes,  joints,  and  cleavage  (p.  378).  The  thermal  spring 
origin  of  fissure  veins  is  also  mentioned  on  page  576. 

142  Anthracite-Crested    Butte  folio.     Description   of    the   Elk 

Mountains. 

IJ.  S.  (ieol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  9,  pp.  1-2,  1894. 

Mentions  the  travertine  and  tufa  deposits  of  hot  s[)ringsand  describes 
the  formation  of  bog  ore  by  the  leaching  of  sulphurets  by  thermal 
waters  (p.  2). 

143  Introduction.     Economic   geology    of   the   Mercur   mining 

district,  Utah.     B}-  J.  Edward  Spurr. 

U.  S.  Geol.  Surv.,  16  Ann.  Kept.,  pt.  2,  pp.  349-369,  1896. 
Considers   the  part  of  hot  underground   waters  in  ore  deposition 
(pp.  367-369). 

144  Mines  of  Custer  County,  Colorado. 

U.  8.  Geol.  Surv.,  17th  Ann.  Rept.,  pt.  ii,  pp.  465-472,  1896. 

Ascrilies  ores  of  Bull  Domingo  and  Geyser  mines  to  aqueous  deposition 
(pp.  115  147, 458-464 ).  The  latter  mine  is  characterized  by  strong  flows 
of  wati'r  charged  with  carbonates,  sulphates,  nitrates,  etc.,  of  the  alka- 
lies, alkaline  earths,  and  metals.  Analyses  of  the  water  and  of  the 
tufaceous  deposits  forme<l  by  it  on  its  emergence  are  given. 
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145  Emmons  (Samuel  Franklin)  and  Tower  (George  Warren).    Butte 

Special  folio,  Montana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  39,  pp.  8,  1897. 

Notes  the  action  of  thermal  waters  on  andesites  (p.  6)  and  describes 
the  superficial  and  deep-seated  springs  of  the  area.  The  former  are 
generally  located  at  the  base  of  i)rominences  of  porous  igneous  rocks, 
and  are  numerous  and  copious  in  flow.  The  latter  are  both  cold  and 
'  warm,  and  are  generally  more  or  less  mineralized,  some  being  used  for 
medicinal  purposes.  Alkaline  carbonates,  carbon  dioxide,  and  sul- 
phuretted hydrogen  are  common  constituents.  Sonde  mineral  deposits 
occur  (p.  8). 

146  Emmons  (Samuel  Franklin).    Tintic  Special  folio,  Utah.     Gen- 

eral conclusions. 
U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  65,  pp.  7-8,  1900. 
Discusses  the  significance  of  the  ground- water  level  and  describee 
certain  cave  deposits. 

147  Homestake  mines. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  26,  pp.  55-80,  1904. 
Notes  relation  of  underground  waters  to  ore  deposition. 

F. 

148  Fairbanks  (H.  A.).     San  Luis  folio,  California. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  101,  pp.  14,  1904. 
Describes  a  number  of  strong  iron  and  other  springs,  some  of  w^hich 
are  used  for  bathing  (pp.  14). 

149  Felloi^s  (A.  L.).     Water  resources  of  the  State  of  Colorado. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  74,  pp.  151, 
1902. 

Notes  the  absorption  of  rainfall  by  different  varieties  of  rocks  (p.  17) 
and  describes  seepage  of  the  South  Platte  (pp.  65-66),  Arkansas  River 
(p.  100),  and  the  Rio  Grande  (pp.  109-110). 

150  Fenneman  (N.  M.).     The  Boulder,  Colorado,  oil  field. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  322-332,  1903. 

Discusses  the  occurrence  of  fresh  and  salt  water  in  oil  wells,  some  of 
which  are  cased  to  over  2,000  feet.  The  lower  waters  are  thermal  and 
rise  with  some  force. 

151  Field  (John  E.).     Diversion  of  North  Platte  River  [Wyoming- 

Nebraska]. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept.  Reclamation  Service,  1902-3,  pp. 
499-507,  1904. 

Notes  occurrence  of  hot  springs,  and  describes  honeycombing  of  rock 
by  their  agency  at  Alcova,  Wyo.  (p.  506). 

152  Flynn  (Benjamin  H.),  and  Fl3rnn  (Margaret  S.).     The  natural 

features  and  economic  development  of  the  Sandusky,  Mau- 
mee,  Muskingum,  and  Miami  drainage  areas  in  Ohio. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Pajier  no.  91,  pp.  130, 
1904. 

Discusses  public  water  yupplien,  including  those  from  springs,  galleries 
and  from  shallow  and  <leep-8eated  wells,  both  flowing  and  nonflowing 
(pp.  58-124). 
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153  FoezBte  (Aug.  F.).     Geology  of  the  Carboniferous  strata  of  the 

southwestern  portion  of  the  Narragansett  basin,  with  an 
account  of  the  Cambrian  deposits. 

r.  S.  Geol.  Surv.,  Mon.,  vol.  33,  pp.  214-393,  1899. 
(Hves  reccml  of  deep  boring  in  Rho<ie  Island  (p.  322). 

154  Fontaina  (William  Morris).     The  Potomac  formation   in  Vir- 

ginia. 

U.  S.  CJeol.  Sur\-.,  BnlL  no.  145,  pp.  149,  1896. 

Gives  an  artesian-well  net'tion  at  Fort  Monroe  (p.  44)  and  def4cril)eti  an 
alum  spring  near  Frederii-ksbarg  (p.  68). 

155  Fortier  (Samuel).     Seepage  water  of  northern  Utah. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  7,  pp.  50, 
1897. 

Defines  seepage  waters  (p.  11)  and  (Hmsiders  their  ini{>ortan(*e  (pp. 
11-13)  ami  origin  (p.  13).  A  considerable  nuinlier  <»f  measurements 
showing  quantity  oi  Beef>age  water  in  Caehe  Valley  (pp.  27-44)  an<l  in 
Ogden  Valley  (pp.  44—17)  are  given.  In  the  lower  piirtion  of  the  latter 
more  water  is  retume<l  by  see|>age  than  taken  out  for  irrigation  during 
certain  months. 

156 Conve\'ancc  of  water  in  irrigation  canals,  flumes,  and  pipes. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  43,  pp.  86, 
1901. 
Notes  the  effect  of  irrigation  in  raising  the  groundwater  level  (p.  16). 

157  [FnUer  (Myron  L.)],  Campbell  (Marius  U.)  [and].     Masontown- 

.   Uniontown  folio,  Pennsylvania  natural  gas;  Petroleum. 
See  Campbell  (Mariua  R.)and  [Fuller  (Myron  L.)]. 

158  Fuller  (Myron  L.).     Ditney  folio,  Indiana:  General  and  Pleisto- 

cene geology. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  83,  pp.  1-7,  1902. 
Gives  diamond  drill  section  near  (ilezen  post-office  (p.  2)  and  a  num- 
ber of  scattered  drift  well  sections  (p.  3). 

159 Ditney  folio,  Indiana.     Mineral  waters:  Water  supply. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  84,  p.  8, 1902. 

Describes  the  character  and  composition  of  the  mineral  springs  at 
the  Degonia  and  Ash  Iron  Spring  resorts,  and  mentions  the  (K'currence 
and  deposits  of  Chalybeate  Springs.  The  amount  and  character  of  the 
water  supply  from  drift  and  rocks  is  also  discussed. 

160 Graines  folio,  Pennsylvania.     General  geology. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  92,  pp.  9,  1903. 

Gives  deep  well  record  at  Gaines  (p.  2)  and  describes  a  2,880-barrel 
water  well  from  a  depth  of  1(X)  feet  in  the  Chemung  rocks  at  Harrison 
Valley.  The  water  is  mineralized  and  is  regarded  of  medicinal  value 
(p.  9). 

161 Natural  gas  [Brownsville-CJonnellsville  folio]. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  94,  pp.  17-18, 1903. 
Gives  detailed  records  of  several  deep  wells. 
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162  Fuller  (Myron  L.)  and   Clapp  (Frederick  G.).     Patoka  folio, 

Indiana-Illinois. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  105, 12  pp.,  1904. 

Gives  a  number  of  well  records  (p.  3)  and  discusses  the  occurrence  of 
groundwater,  including  that  of  springs  and  wells,  in  considerable 
detail  (pp.  11-12).  The  occurrence  of  calcareous  tufa  is  described 
(p.  14). 

163  Fuller  (Myron  L.).     Hyner  gas  pool,  Clinton  County,  Pennsyl- 

vania. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  392-395, 1904. 

Gives  record  of  1,965-foot  well  and  notes  occurrence  of  fresh  and  salt 
waters  at  various  horizons. 

164  Water  supply  from  wells  in  southern  Louisiana. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  101,  pp. 
74-81,  1904. 

Discusses  the  use  of  well  water  for  domestic,  town,  railroad,  and  man- 
ufacturing supplies,  giving  a  list  of  towns  supplied  from  wells  and  a 
table  of  analyses.     The  subject  of  contamination  is  also  discussed. 

165  Rice  irrigation  in  southern  Louisiana. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  101,  pp. 
82-94,  1904. 

Deals  mainly  with  irrigation  by  wat<*r  obtained  from  wells,  giving 
tables  showing  number  of  farms  and  acres  irrigated  ])y  such  waters  in 
1902  (pp.  82-91 ).     A  map  showing  wells  and  canals  is  included. 

166  Introduction:    Contributions  to  the  hydrology  of  Eastern 

United  Stat^-s,  1903. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
9-13,  1904. 

States  object  of  progress  reports,  gives  list  of  publications  of  the  Sur- 
vey and  a  bibliography  of  principal  Survey  x)ublications  relating  to  under- 
ground waters. 

167 *  Organization  of  the  division  of  hydrology 'and  work  of  the 

eastern  section. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
15-20,  1904. 

Gives  an  account  of  early  Sur\'ey  work  on  undergrouhd  waters,  of  the 
organization  and  scope  of  the  division  of  hydrology,  and  a  description 
of  the  work  by  States  as  follows:  Maine,  W.  S.  Bayley,  G.  O.  Smith, 
W.  C.  Washburn,  and  L.  G.  Lord;  New  Hampshire,  J.  M.  Bout  well; 
Vermont,  G.  H.  Perkins;  Massachusetts  and  Rhode  Island,  W.  O. 
Crosby;  Connecticut,  H.  E.  Gregory;  New  York,  A.  C.  Veatch,  Arthur 
Hollick,  M.  L.  Fuller,  C.  S.  Slichter,  W.  O.  Crosby,  and  F.  B.  Weeks; 
New  Jersey,  G.  N.  Knapp;  Georgia,  S.  W.  McCallie;  Florida,  M.  L. 
Fuller;  Minnesota,  C.  W.  Hall;  Wisconsin,  A.  R.  Shultz;  Michigan, 
W.  F.  Cooper;  Iowa,  W.  11.  Norton;  Missouri,  E.  M.  Shepard;  Arkan- 
sas, A.  C.  Veatch  and  A.  H.  Purdue;  Louisiana,  A.  C.  Veatch  and  (1.  D. 
Harris;  Kentucky  and  Tennessee,  L.  C.  Glenn;  Alabama  and  Missis- 
sippi, E.  A.  Smith,  h,  C  Johnson,  J.  A.  Anderson,  R.  S.  Ho<lges,  and 
B.  F.  Lovelace, 
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168  Fuller  (Myron  L.).     Introduction.     Notes  on  the  wells,  springs 

and  general  water  resources  of  certain  Eastern  and  Central 
States. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
21-26,  1904. 

Discu{>se8  the  methods  of  work,  including  the  collection,  preparation, 
and  presentation  of  data,  the  economic  value  of  general  water  resources, 
well  and  spring  records,  analyses,  etc.,  and  gives  an  explanation  of  the 
tables  of  the  report. 

169  Florida.     [Well  and  spring  records.] 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
238-274,  1904. 

Discusses  the  general  underground  water  conditions  (pp.  238-239) 
and  gives  tables  and  notes  relating  to  wells  (pp.  240-264)  and  springs 
(pp.  265-274).  The  well  data  include  altitude,  depth,  source,  head, 
temperature,  quality  (including  analyses),  records,  and  uses;  the  spring 
data,  temperature,  quality  (including  analyses),  source,  uses,  improve- 
ments, etc. 

a. 

170  Gilbert  (Grove  Karl).     Lake  Bonneville. 

U.  S.  Geol.  iSurv.,  Mon.  vol.  1,  438  pp.,  1890. 

Mentions  springs  in  Death  Valley,  California  (p.  8),  and  elsewhere 
(p.  102),  Ice  spring,  Utah  (p.  325),  hot  springs  of  Fumerole  Butte, 
Utah  (p.  333),  of  Salt  I^ke  City  (p.  349),  and  of  Bonneville  village, 
Utah  (p.  ;^50),  the  last  two  being  on  faults,  are  also  considered.  Other 
hot  springs  are  noted. 

171  Administrative  report  [1890-91]. 

U.  S.  (xeol.  Sur^^,  12th  Ann.  Kept,  pt.  1,  pp.  52-65,  1891. 
Discusses  underground  temperatures  as  based  on  observations  in  the 
4,471-foot  well  at  Wheeling,  West  Virginia. 

172  Administrative  report  [1891-92]. 

U.  S.  Geol.  Surv.,  13th  Ann.  Rept.,  pt.  1,  pp.  83-98,  1892. 
Notes  work  of  A.  C.  Pe^le  on  mineral  waters  (p.  88)  and  of  William 
Hallock  on  temperatures  of  Wheeling  deep  well  (p.  96). 

173  Administrative  report. 

U.  S.  Geol.  Surv.,  15th  Ann.  Rept,  pp.  144-148,  1895. 
Gives  an  account  of  studies  on  the  artesian  conditions  and  of  the  con- 
toaringof  the  Dakota  sandstone  in  southern  Colorado,  etc.  (pp.  145-146). 

174  " The  underground  water  of  the  Arkansas  Valley  in  eastern 

Colorado. 

U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  pt.  2,  pp.  551-601,  1896. 

Describes  the  geology  of  the  region  (pp.  560-580)  and  considers  the 
derivation  of  underground  waters  (pp.  557-558)  and  general  artesian 
conditions  (p.  581).  The  character,  catchment  area,  capacity,  distribu- 
tion, quality,  analyses,  and  prospects  of  the  Dakota  sandstone  or  its 
waters  are  treated  at  length  (pp.  582-595),  while  the  ground  water  in 
gravels,  in  upland  and  dune  sands,  and  in  the  terraces  is  discussed  (pp. 
595-598).  The  considerable  underflow  of  the  Arkansas  and  other 
streams  is  pointed  out  (pp.  599-601). 
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175  GHlbert  (Grove  Karl).     Pueblo  folio,  Colorado. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  D.  S.,  folio  no.  36,  pp.  7,  1897. 

Notes  the  loss  of  water  through  absorption  by  the  beds  of  the  Arkan- 
sas and  St.  Charles  rivers  (p.  1)  and  discusses  the  various  water  hori- 
zons in  the  Dakota  sandstone,  including  their  depth  and  head.  A  map 
showing  the  areas  of  flowing  and  nonflowing  wells  and  the  depths  of 
the  water  horizons  is  given. 

176  G-lenn  (L.  C).    Tennessee.     [Well  records.] 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
358-367,  1904. 

Gives  a  general  statement  of  underground  water  conditions  (pp.  358- 
359)  and  presents  tables  and  notes  relating  to  wells  (pp.  360-365). 
These  include  data  bearing  on  depth,  head,  source,  yield,  quality, 
records,  and  uses. 

177  Kentucky.     [Well  recoixis.] 

U.  8.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
369-373,  1904. 

Considers  briefly  the  general  underground  water  conditions  and  gives 
tables  and  notes  relating  to  wells.  Tliese  include  statistics  on  depth, 
head,  yield,  quality  (including  analyses),  retx)rds,  and  uses. 

178  Gk>och  (Frank  Austin)  and  Whitfield  (James  Edward).     Analyses 

of  waters  of  the  Yellowstone  National  Park  with  an  account 
of  the  methods  of  analyses  employed. 

U.  S.  Geol.  Surv.,  Bull.  no.  47,  pp.  84,  1888. 

Gives  the  temperatures,  specific  gravities,  and  analyses  of  43  waters 
including  those  from  geysers,  hot  springs,  cold  springs,  mud  springs, 
etc.  Among  the  rare  compounds  or  elements  of  waters  which  were 
found  are  B^O,,  Aa^O,,  Br,  Mn,  Cs,  and  Rh.  NjOj,  TiO„  I,  Fl,  Ba,  and 
Sr  were  te8t«<l  for  but  not  found. 

179  Gk>odell  (Edwin  B.).     A  review  of  the  laws  forbidding  pollution 

"  of  inland  waters  in  the  United  States. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  103,  pp.  120, 
1904. 

Gives  an  abstract  of  laws  relating  to  pollution  of  surface  streams. 
Springs  are  specifically  included  with  the  streams  in  nearly  all  States 
and  wells  are  included  in  many  instances.  Several  States  have  special 
laws  relating  to  springs. 

180  Gho'wsell  (M.  G.),  Flmnmer  (Fred  G.)  and.     Forest  conditions  in 

the  Lincoln  Forest  Reserve,  New  Mexico. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  33,  pp.  47,  1904. 
See  Plummer  (Fred  G.)  and  Gowsell  (M.  G.). 

181  G-rant  (C.  L.).     Additional  well  records  in  Connecticut. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
160-165,  1904. 

Gives  tables  showing  depth  and  yield  of  wells  at  a  considerable  num- 
ber of  scattered  localities. 

182  Q-raves  (Henry  S.).     Black  Hills  Forest  Reserve. 

U.  S.  Geol.,  Surv.,  19th  Ann.  Rept.    pt.  5,  pp.  67-164,  1898. 
Mentions  underground-stream  channels  in  Bear  Lodge  Range  (p.  163). 
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183  Gregory  (Herbert  E).     Connecticut.     [Well  and  spring  records.] 

U.  8.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paiwr  no.  102,  pp. 
127-159,  1904. 

Considers  briefly  the  general  underground  water  conditions  (p.  127), 
and  gives  tables  and  notes  relating  to  wells  (pp.  128-149)  and  springs 
(pp.  149-159) .  The  well  data  include  source,  temperature,  yield,  quality 
(including  analyses),  and  uses;  the  spring  data,  temperature,  yield, 
source,  use,  improvements,  and  quality  (including  analyses). 

184  Ghrimsley  (G.  P.).     Gypsum  deposits  in  Kansas. 

U.  S.  Geol.  Surv.,  Bull.  no.  223,  pp.  53-59,  1901. 
Notes  springs  associated  with  gy psite  (p.  57 )  and  mentions  the  action 
of  undei^round  watere  in  the  formation  of  gypsum  (p.  58) . 

185  ariswold  (W.  T.).    The  Berea  Grit  Oil  Sand  in  the  Cadiz  quad- 

rangle.    Ohio. 

U.  S.  Geol.  Surv.,  Bull.  no.  198,  pp.  43,  1902. 

Discusses  the  relation  of  water  to  the  accumulation  of  oil  and  gas,  and 
gives  a  map  and  tables  of  the  wells. 

1h6 Structural  work  during  1901  and  1902  in  the  Eastern  Ohio 

oil  fields. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  336-344, 1903. 

Discuses  the  relation  of  water  to  the  occurrence  of  oil  'and  gas  ( p.  337). 

187  Q-nmaky  (Carl  Ewald).     Irrigation  near  Bakersfield,  California. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper,  no.  17,  pp. 
96,  1898. 

Notes  use  of  ground  water  for  irrigation  at  Florin  (p.  14),  and  reports 
snccesaful  pumping  and  the  beginning  of  artesian  developments  in  the 
San  Joaquin  Valley  (p.  94).  Irrigation  by  causing  a  general  rise  of  the 
ground  water  into  the  subsoil  is  described  (pp.  33-^). 

188 Irrigation  near  Fresno,  California. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Pkper,  No.  18,  pp.  94, 
1898. 

Discusses  seepage  (pp.  74-78)  and  describes  irrigation  by  raiding 
ground- water  level  to  subsoil  (p.  90).  The  effect  of  irrigation  on  ground- 
water level  (p.  79)  and  the  ground-water  conditions  near  the  Fresno 
Ganal  (p.  75)  and  along  Kings  River  (pp.  86-87)  are  also  considered. 


189  Hagae  (Arnold).     Administrative  report  [1883-84]. 

if.  S.  Geol.  Surv.,  5th  Ann.  Kept,,  pp.  15-19,  1885. 

Gives  a  brief  summary  of  the  work  of  W.  H.  Weed,  A.  C.  Peale,  and 
Wm.  Hallock  on  the  character,  deposits,  and  causes  of  the  hot  springs 
and  geysers  of  the  Yellowstone  National  Park,  and  mentions  the  work 
of  F.  A.  Gooch  on  the  chemistry  of  the  waters  and  their  deposits. 

190 Administrative  report  [188^85]. 

U.  S.  Geol.  Surv.,  6th  Ann.  Kept.,  pp.  54-59,  1885. 

Notes  the  chemical  work  of  F.  A.  Gooch  on  methods  and  problems 
relating  to  the  thermal  waters  of  Yellowstone  National  Park,  and  men- 
tions work  of  William  Hallock  on  the  physics  of  geyser  action.  Calls 
attention  to  changes  in  temperature  of  springs  and  to  new  vents. 
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191  Hague  (Arnold).     Administrative  report  [1885-86]. 

U.  S.  Geol.  Surv.,  7th  Ann.  Rept,  pp.  87-91,  1888. 
Gives  list  of  basins  and  springs  of  the  Yellowstone  National  Park  from 
which  waters  have  been  analyzed  by  F.  A.  Gooch  and  J.  E.  Whitfield. 

192  Administrative  report  [1886-87]. 

U.  S.  Geol.  Surv.,  8th  Ann.  Rept.  pt.  1,  pp.  149-153,  1889. 

Mentions  the  work  of  W.  H.  Weed  on  geyser  action  in  the  Yellow- 
stone National  Park  and  states  there  is  no  diminution  in  the  intennity 
of  geyser  action  or  other  noticeable  changes  in  the  geyser  region.  Men- 
tions the  work  of  Gooch  and  Whitfield  on  tlie  chemistry  of  the  waters 
and  notes  the  occurrence  of  arsenic  in  the  waters.  This  may  give  to 
the  waters  an  important  medicinal  value.  The  occurrence  of  scorodite 
in  the  siliceous  sinter  cones  is  mentioned. 

193  Administrative  report  [1887-88]. 

U.  8.  Geol.  Surv.,  9th  Ann.  Rept.  (pp.  91-96),  1889. 

Describes  the  state  of  activity  of  the  geysers  of  the  Yellowstone 
National  Park  and  mentions  the  outbreaks  of  the  Excelsior  after  a  dor- 
mant period  of  six  years.  Notes  the  work  of  W.  H.  Weed  on  the  study 
of  algeous  growths  in  springs  and  describes  the  occurrence  of  scorwiit**, 
the  hydrous  arsenate  of  iron. 

194  Administmtive  report  [1888-89]. 

U.  S.  Geol.  Surv.,  10th  A;in.  Rept,  pt.  1,  pp.  132-137,  1890. 

States  that  there  has  Ijeen  no  marked  change  in  geyser  action.  Dt»- 
scribes  the  work  of  W.  11.  Weed  in  exploring  old  and  new  geyser  basins* 
and  mentions  the  discovery  of  arsenic  in  their  wati^rs.  ■  The  publication.s 
of  F.  A.  Gooch,  J.  E.  Whitfield,  and  W.  H.  Wee<i  relating  to  the  waters* 
and  dej)osits  of  hot  springs  are  noted  and  attention  calleil  to  the  metho<l 
of  inciting  geyser  action  by  "soaping." 

195  Administrative  report  [1889-90]. 

U.  S.  Geol.  Surv.,  11th  Ann  Rept.,  pt.  1,  pp.  83-87,  1891. 
Notes  works  of  W.  H.  Weed  on  the  question  of  changes  of  activity  of 
geysers  and  springs  in  the  Yellowstone  National  Park. 

196.  Administrative  report  [1890-91]. 

U.  S.  Geol.  Surv.,  12th  Ann.  Rept.,  pt.  1,  pp.  92-96,  1891. 
Describes  the  work  of  W.  H.  Weed  on  geysers  and  hot  springs. 

197  Geology  of  the  Eureka  District,  Nevada,  with  an  atlas. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  20,  pp.  419,  1892. 

Notes  occurrence  of  enlarged  fissures  and  caves  antedating  ore  depo- 
sition (p.  308)  and  assigns  ore  deposition  to  ascending  solfataric  cur- 
rents (p.  294). 

198  Administrative  report  [1892-93]. 

U.  S.  Geol.  Surv.,  14th  Ann.  Rept,  pt.  1,  pp.  188-191,  1893. 
Describes  exhibit  of  hot-spring  dejwsits  at  World's  Fair  at  Chicago  in 
1893  (p.  191). 
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199  Hague  (Arnold).    Yellowstone    National    Park    folio,  (teneral 
Description. 

U.  S.  Geol.  Surv.,  (ieol.  Atlaa  of  V.  S.,  folio  no.  :W),  pp.  1-4,  1896. 

Deecribes  the  geysers,  hot  springH,  and  solfataran,  and  diHOuanefl  the 
antiquity  of  some  of  the  depoeits.  (ilacial  bowldern  are  found  iniUMlded 
in  travertine.  The  action  of  add  thermal  waters  in  the  dcH'oni position 
of  rocks  and  their  intimate  relation  to  rhyolite  are  tH>nsidere<l.  The 
spring  and  geyser  waters  are  of  three  classes  ( 1 )  cal(*ar(M>u8,  forming  trav- 
ertine; (2)  siliceous,  frequently  acid,  and  carrying  alum  and  iron,  and 
(3)  siliceous  alkaline,  forming  geyser  cones.  The  occurrence  of  iron, 
manganese,  and  arsenic  in  the  waters  and  of  realgar,  orpiment,  and  scoro- 
dite  in  the  deposits  is  noted.  There  are  4,000  thermal  springs  and  100 
geysers  in  the  park. 

2(X) [and  Weed  (W.  H.)].     Descriptive  geolofjfy  of  Huckleberry 

Mountain  and  Big  Game  Ridge:  Snake  River  Hot  Springs. 

U.  a  Geol.  Surv.,  Mon.,  vol.  32,  pt.  2,  pp.  177-178,  1899. 

These  are  large  calcareous  thermal  springs,  a8sociate<l  with  travertine 
deposits  resembling  those  of  Mammoth  Hot  Springs  of  Yellf)wst«)ne 
National  Park  and  occurring  on  the  l>anks  of  Snake  River.  Their  rela- 
tion to  rhyolite  and  to  limestone  is  considered. 

t^)l  Hague  (Arnold).     Absaroka  folio,  Wyoming. 

U.  S.  (ieol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  52,  pp.  (>,  18?W. 

Describes  the  hot  sulphur  springs  of  Stinking  Water  River  (p.  1 )  and 
mentions  the  occurrence  of  active  and  extinct  thermal  springs  on  west 
slopes  of  Saddle  Mountain,  just  inside  the  limit«4  of  the  Yellowstone 
National  Park  on  the  west.  The  occurrencre  of  a  solfataric  area  with 
whitened  and  decomposed  rocks  with  sulphur  deposits  is  also  noted 
(p.  6). 

2i)2  Hall  (Benjamin  M.).     Measurement  of  springs  in  Georgia. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
236-237,  19(M. 

Describes  and  gives  results  of  measurements  of  flow  of  a  number  of 
large  springs  in  Geoi^ 

203  Measurement  of  springs  in  Florida. 

r.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
274-275,  1904. 

Gives  description  and  statistics  of  flow  for  several  of  the  larger  springs 
in  Florida. 

:i<>4 Water  powers  of  Alabama,  with  an  appendix  on  stream 

measurements  in  Mississippi. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  107,  253  pp., 
1904. 

Gives  measurements  of  springs  in  Cahaba  (p.  12t))  and  Tennessee 
(p.  207)  valleys. 
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205  Hall  (C.  M.),  Todd  (James  £.)  and.     Alexandria  folio,  South 

Dakota. 

U.  S.  Geol.  Sarv.,  Geol.  Atlas  of  U.  S.,  folio  no.  100,  pp.  6,  1903. 
See  Todd  (J.  E.)  and  Hall  (C.  M.). 

206  Geology  and  water  resources  of  part  of  the  lower  James 

River  valley,  South  Dakota. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  90,  47  pp., 
1904. 
See  Todd  (James  E.)  and  Hall  (C.  M.). 

207  Hall  (Christopher  W.).    Minnesota.     [Well  and  spring  records.] 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
441-488,  1904. 

Discusses  the  general  underground  water  conditions  (pp.  441-443)  and 
gives  tables  or  notes  of  shallow  wells  (pp.  444-469),  deep  wells  (pp. 
470-480),  and  springs  (pp.  481-488).  The  shallow-well  data  include 
range  of  depth  of  village  wells,  source,  and  yield;  the  deep- well  data, 
depth,  source,  head,  yield,  quality,  and  uses;  and  the  spring  data,  tem- 
perature, quality  (including  analyses),  yield,  source,  uses,  etc. 

208  Hamlin  (Homer).     Water  resources  of  the  Salinas  Valle}^  v^ali- 

fornia. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  89,  91  pp., 
1904. 

Discusses  underground  waters  under  economic  geology  (pp.  21-23). 
Wells  of  stream  deposits  (p.  16);  well  statistics,  including  uses  for  irrijja- 
tion,  etc.  (pp.  21-31);  well  records  (pp.  31-32);  and  pumping  from 
wells  (pp.  82,  87)  are  other  subjects  considered. 

209  Harris   (Gilbert  Dennison),  Dall  (William  Healey)  and.     Cor- 

relation papers.  .  Neocene. 

See  Dall  (William  Healey)  and  Harris  (Gilbert  Dennison). 

210  Harris  (Gilbert   Dennison).     Underground  waters  of  southern 

Louisiana. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  101,  pp. 
11-73,  1904. 

The  paper  includes  discussions  of  the  origin  of  underground  waters 
(pp.  12-14);  stratigraphy  of  southern  Louisiana,  including  Oligoc'ene, 
Miocene,  and  Quaternary  horizons  (pp.  17-26);  well  statistics  and 
records  (pp.  30-61);  variation  in  flow  and  head  (pp.  61-67);  jetting  and 
rotary  processes  of  well  drilling  (pp.  68-71);  analyses  of  well  waters 
(pp.  44,47-48);  blowing  wells  (pp.  60-61);  and  pumping  and  use  of 
screens  (pp.  71-73).  A  brief  account  of  certain  Mississippi  wells  is^ 
included  (pp.  30-33). 

211  Hawkins  (R.).     Water  supply  of  Livingston  County  [Missouri]. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
410-416,  1904. 

Discusses  the  underground  water  conditions  and  gives  detailed  well 
records,  etc. 
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212  Ha'worth   (Ei^asmus).     Underground    waters    of    southwestern 

Kansas. 

U.  S.  (leol.  Surv.,  Water-Supply  and  Irrigation  Pajier  no.  6,  pp.  65, 
1897. 

This  paper  discusses  the  original  sources  (p.  11),  available  amounts 
(p.  14),  and  geological  conditions  of  ground  water  in  general  (p.  15), 
and  describes  the  types  and  methods  of  locating  ground  waters  (p.  18). 
The  descriptions  of  the  geography  and  geology  of  the  area  (pp.  19-37) 
are  followed  by  a  consideration  of  the  source,  occurrence,  properties, 
flow,  etc.,  of  the  waters  of  the  Dakota  sandstone  (pp.  38-43),  and  of  the 
Tertiary  formations  (i>p.  43-57).  The  numerous  and  relatively  shallow 
wells  frequently  used  for  irrigation  and  the  springs^  of  Meade  County 
are  considered  (pp.  48-56).  The  writer  concludes  that  there  is  an 
abundant  supply  both  in  the  Arkansas  Valley  and  on  the  uplands,  but 
better  means  of  raising  it  to  the  surface  are  needed  (p.  62). 

213  Hay  (Robert).     A  geological    reconnaissance  in    southwestern 

Kansas. 

U.  S.  Geol.  Surv.,  Bull.  no.  57,  pp.  49,  1890. 

Notes  occurrence  of  sulphate  of  lime  in  waters  of  Medicine  River 
Valley,  and  describes  the  occurrence  of  water  in  the  Dakota  sandstone 
and  in  the  Tertiary  grits.  Deep  salt  wells  and  borings  (pp.  25-26)  and 
artesian  wells  (pp.  13,  30,  48)  are  mentioned.  The  absorption  of  Bear 
Creek  by  its  gravels  is  described. 

214  Water  resources  of  a  portion  of  the  Great  Plains. 

U.  S.  Geol.  Surv.,  16th  Ann.  Rept.,  pt.  2,  pp.  535-588,  1896. 

Describes  and  gives  lists  of  springs  of  various  water  levels  (pp.  545- 
547 ).  Other  topics  considered  are  sources,  catchment,  etc. ,  of  the  waters 
(pp.  560-557),  volume  (pp.  557-565),  artesian  flow  (pp.  565-567),  blow- 
ing wells  (pp.  567-568),  temperature  (p.  568),  geology  and  topography 
(pp.  569-579),  water  horizons  of  the  Cretaceous,  Tertiary,  and  Pleisto- 
cene formations  (p.  580),  and  utilization  of  ground  waters  (pp.  585-586) . 
Considerable  supplies  are  obtainable,  but  not  enough  for  all  needs  of 
irrigation  and  other  purposes  (pp.  586-588). 

215  Geology  of  the  Fort  Riley  Military  Reservation  and  vicinity, 

Kansas. 
U.  S.  Geol.  Surv.,  Bull.  no.  137,  pp.  35,  1896. 

In  addition  to  the  topography,  geology,  paleontology,  etc.,  a  number 
of  copious  springs,  some  used  for  water  power,  the  flows  of  mineral 
waters  in  the  wells  of  Geary  County,  and  the  value  of  the  Carboniferous 
rocks.  Tertiary  gravels,  and  alluvium  as  sources  of  supplies  are  discussed 
(pp.  32-33).  The  occurrence  of  sinks  is  mentioned  (pp.  15,  16,  26, 
and  27). 

216  Hayden  (F.  V.).     Administrative  report  [1884-85]. 

U.  S.  Geol.  Surv".,  6th  Ann.  Rept.,  pp.  48-53,  1885. 
Notes  progress  of  A.  C.  Peale  on  the  bibliography  of  mineral  waters 
and  the  preparation  of  a  statistical  paper  (p.  53). 

217  Administrative  report  [1885-86J. 

U.  S.  Geol.  Surv.,  7th  Ann.  Rept,  pp.  85-87,  1888. 

Mentiims  prepress  of  work  on  mineral  springs,  and  notes  preparation 
of  a  second  statistical  |>ai)er  and  work  on  the  bibliography  of  mineral 
waters  bv  A.  C.  Peale. 
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218  Hayes  (C.  Willard).     Ringgold  folio,  Georgia-Tennessee. 

U.  S.  (teol.  Surv.,  Gcol.  Atlas  of  U.  S.,  folio  no.  2,  pp.  3,  1894. 
Ascriljea  thti  segregation  of  hematite,  limonite,  and  manganese  ores  to 
the  action  of  iiercolating  underground  waters  (pp.  2-3). 

219  Kingston  folio,  Tennessee. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  4,  pp.  4,  1894. 

Notes  the  disappearance  of  streams  into  underground  channels  <»r 
caves,  and  discusses  the  fonnation  of  *Voves"  or  amphitheaters  hy  the 
solution  of  limestone  by  underground  waters  (p.  1). 

220  Chattanooga  folio,  Tennessee. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  6,  pp.  3,  1894. 
Disposition  of  limonite  is  referred  to  segregation  in  pockets  or  near  the 
surface  by  percolating  waters  (p.  3). 

221  Cleveland  folio,  Tennessee. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  IT.  S.,  folio  no.  20,  pp.  4,  1895. 
Refers  the  disposition  of  limonite  ores  t<^  segregation  by  percolating 
waters  (p.  4). 

222  Pikeville  folio,  Tennessee. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  IT.  S.,  folio  no.  21,  pp.  4,  1895. 
Notes  the  occurrence  of  subterranean  channels  iii  region  of  Crab 
Orchard  Mountains  (p.  1). 

223  The  ^rkansas  beauxite  deposits. 

U.  S.  Geol.  Surv.,  21st  Ann.  Kept.,  pt.  3^  pp.  435-472,  1901. 

Provisionally  ascribes  origin  of  deposits  to  waters  penetrating  to 
heated  syenite,  dissolving  parts  of  it,  and  returning  to  the  surface  as 
springs  depositing  beauxite  (pp.  461-466). 

224:  Tennessee  white  phosphates. 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept,  pt.  3,  pp.  473-485,  1901. 
Ascribes  origin  of  ores  to  deposition  from  solution  by  underground 
waters  in  limestone  cavities  (p.  479). 

225 Rome  folio.     Georgia-Alabama. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  U.  S.,  folio  no.  78,  p.  6,  1902. 

xVssigns  the  derivation  of  the  limonite  ores  to  the  action  of  under- 
ground waters  upon  the  Beaver  limestone  along  its  contact  with  the 
Weisner  quartzite,  and  also  along  the  conta<^t  of  the  Bangor  limestone 
with  the  Oxmoor  sandstone.  Some  iron  has  also  l)een  deposited  by 
thermal  springs  along  faults.  In  the  formation  of  beauxite  the  surface 
waters  penetrated  downward  to  the  Conasauga  shale  and,  after  dissolving 
out  aluminum  sulphate,  passed  upward  along  faults  and  deposited  piso- 
litic  grains  of  Ijeauxite  in  springs  (p.  6). 

226  and  Kennedy  (William).     Oil  fields  of  the  Texas- Louisiana 

Gulf  Coastal  Plain. 

U.  S.  Geol.  Surv.,  Bull.  no.  212,  p.  174,  1903. 

In  addition  to  the  discussion  of  oil  wells,  mention  or  description  is 
made  of  a  considerable  number  of  artesian  (pp.  18,  33,  87,  118,  122)  and 
thermal  wells  (pp.  60,  122).  Lists  of  wells  of  the  Jennings  district, 
Txmisiana  (p.  130),  and  at  Spindletop,  Texas  (pp.  77-85,  103-104),  and 
records  of  a  large  nimiber  of  gas,  oil,  and  water  wells  at  various  points 
are  given.  The  occurrence  of  sulphur  in  water  (pp.  17,  18)  and  the 
relation  of  salt  water  to  oil  (p.  119)  Are  discussed.  A  description  of 
drilling  methods  is  also  given  (pp.  1(>6-170). 
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±27  Hayes  (C.  Willard).     Introduction.     ContribiitionH  lO  economic 
geology,  19(>2. 
U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  »-H,  1903. 
Gives  a  table  of  the  geologic  folios  of  the  survey,  with  \i»ia  of  mineral 
products,  including  underground  water,  artesian  water,  an<l  mineral 
s^prings. 

i-^is  and  Eckel  (E.  C).     Iron  ores  of  the  Cartersville  district 

Georgitu 

U.  S.  (ieol.  Surv.,  Bull.  no.  213,  pp.  233-242,  190;^. 
The  deposition  of  the  ores  is  referreil  to  Holutions  ascending  from  con- 
siderable depths  along  faults  and  other  lines  of  passage. 

229  Hayee  (C.  Willard).     Oil  fields  of   the  Texas-Louisiana  Gulf 
Coastal  Plain. 
U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  345-352,  1903. 
Describes  the  occurrence  of  salt  water  in  the  Spindletop  pool  (p.  350). 

230 origin  and  extent  of  Tennessee  white  phosphates. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  418-423,  1903. 
Ores  were  deposited  in  quiet  waters  in  caverns  in  the  limestone, 
sometimes  under  hydrostatic  pressure. 

231  and  Eckel  (E.  C).     Occurrence  and  devel6pment  of  ocher 

deposits  in  the  Cartersville  district,  Georgia. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  427-432,  1903. 

Notes  the  admission  of  surface  waters  to  great  depths  by  faults,  and 
discusses  the  nature  and  movements  of  water  connecttnl  with  the  forma- 
tion of  the  ores  (p.  429). 

232 and  IJlrich  (Edward  O.).     Columbia  folio,  Tennessee. 

V.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  9r>,  6  pp.,  1903. 

Notes  the  o<'currence  of  sinks,  caves,  and  underground  streams  in  the 
St.  Louis  limestone.  Onlovician  phosphates  are  a.*H»ribed  to  leaching  of 
phosphatic  limestones  by  acid  surface  waters  along  joint  planes,  etc. 
( pp.  5-6).  The  origin  of  blanket  deposits  through  underground  circula- 
tion and  of  collar  deposits  through  capillary  circulation  are  also  con- 
sidered! (p.  6). 

2S3  Hayes  (C.  Willard).     Introduction:  Contributions  to  economic 

geology,  1903. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  11-17,  1904. 

Gives  list  of  Survey  publications  and  notes  folios  in  which  discussions 
of  underground  waters  appear. 

234  Herxick  (H.  N.).     Gypsum  deposits  in  New  Mexico. 

U.  S.  Geol.  Surv.,  Bull.  no.  223,  pp.  89-99,  1904. 

Notes  presence  of  salt  and  hydrogen  sulphide  in  wells  penetrating 
the  gypsum  (p.  92),  and  the  occurrence  of  sinks  due  to  the  solution  of 
gypsum. 


zSTi 


(E.  W.).     Salines  of  Louisiana. 

U.  S.  Geol.  Surv.,  Min.  Res.  1882,  pp.  554-565,  1883. 
Considers  the  wells  and  springs  affonling  brines. 
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236  Hill  (Benjamin  F.).     Gypsum  deposits  in  Texas. 

U.  S.  Geol.  Surv.,  Bull.  no.  223,  pp.  68-73,  1904. 
Notes  impregnation  of  springs  with  gypsum,  salt,  and  sulphur  (p.  71 ), 
and  mentions  the  filling  of  caves  by  the  former  mineral  (p.  72). 

237  Hill  (Robert  T.).     The  present  condition  of  knowledge  of  the 

geology  of  Texas. 

U.  S.  Geol.  Surv.,  Bull.  no.  45,  pp.  95,  1887. 

Describes  the  artesian- well  experiment  under  Gapt.  John  Pope  in 

1857-8  (p.  27). 

238  Administrative  report. 

U.  S.  Geol.  Surv.,  15th  Ann.  Kept.,  pp.  170-171,  1895. 
Describes  artesian  investigations  in  Texas  (p.  171). 

239  and  Vaughan  (T.    Wayland).     Geology  of  the  Edwards 

Plateau  and  Rio  Grande  Plain  adjacent  to  Austin  and  San 
Antonio,  Texas,  with  reference  to  the  occurrence  of  under- 
ground water. 

U.  S.  Geol.  Surv.,  18th  Ann.  Rept,  pt.  2,  pp.  193-321,  1898. 

Discusses  the  geography  (pp.  201-212),  geology  (pp.  215-260),  arte- 
sian principles  (pp.  212-215),  capacity  of  formations  (pp.  260-264),  and 
the  underground  w^aters,  including  artesian  and  nonflowing  wells  and 
springs  of  the  Edwards  Plateau  (pp.  264-274)  and  the  Rio  Grande  Plain 
(pp.  274-321).  The  identity  of  artesian  and  fissure  spring  waters  in  tho 
latter,  the  source  of  the  water,  prospecting,  <*hemical  analyses,  spring 
rivers,  and  fault  springs  are  also  considered,  and  the  Kilwards  limestone 
and  Travis  Peak  foundation  discussed  as  sources  of  supply. 

240 and  Vanghan  (T.  Wayland).     Nueces  folio,  Texas. 

U.  8.  Geol.  Surv.,  Geol.  Atlaa  of  U.  S.,  folio  no.  42,  pp.  4,  1898. 

Describes  caverns  in  limestones  (p.  1) ,  the  honeycomlxHl  rocks  of  the 
Edwards  formation  (pp.  2-3),  and  notes  the  occurrence  of  springs  and 
spring  rivers  throughout  the  Cretaceous  (p.  2).  Springs  are  divided 
into  two  groups,  the  fault  springs,  as  those  from  Austin  to  Del  Rio,  and 
the  gravity  springs,  as  those  of  the  Edwards  formation  ( p.  3 ).  Mentions 
the  value  of  the  Comanche  Peak  formation  as  a  horizon  marker  in  locat- 
ing underground  waters  (p.  2).  The  Kickapoo  water  bed  at  the  l>ase  of 
the  Edwanls  formation,  the  Black  Water  Hole  beds  150  feet  higher, 
and  the  still  higher  Justice  Spring  horizon  are  describeil.  They  give 
nonflowing  wells  except  along  the  Balcones  fault  (p.  4).  Water  is  pre- 
dicted in  the  Trinity  beds  500  feet  below  the  Comanche  Peak  limestone 
(p.  4). 

241  Hill  (Robert  T.).     Mineral  resources  of  Porto  Rico. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept.,  pt.  6  cont.,  pp.  771-778,  1899. 

Reports  several  thermal  and  mineral  springs,  some  of  which  have 
l)een  improved  by  the  construction  of  baths,  etc.  Sulphur  and  ferrugi- 
nous waters  are  the  most  common.  An  analysis  of  Coamo  water  is 
given  (pp.  775-776). 
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242  Hill  (Robert  T.).     Geography  and  geology  of  the  Black  and  (rrand 

prairies,  Texas. 

r.  S.  Geol.  Surv.,  2lBt  Ann.  Kept.,  pt.  7,  pp.  1-666,  1900. 

An  elaborate  report  covering  the  geography  of  the  Texan  region, 
especially  of  the  Black  and  Grand  prairiee  (pp.  25-85),  the  g(H»li)gy 
(pp.  86-386),  principles  of  the  occurrence  of  umleiisTound  wateni  (pp. 
387-394),  the  artesian  weH  eystemsof  Texas  (pp.  394-451),  cheniintry 
of  the  waterp  (pp.  447—151),  and  the' artesian  (x^nditions  of  Black  and 
Grand  prairies  by  counties  (pp.  452-649).  The  supplies  are  from  the 
Cretaoe<ju8,  including  the  liase  of  the  Trinity,  a  portion  of  the  <ilen 
Rone,  the  Paluxy,  a  part  of  the  beds  of  the  E<1wards,  W(NMlbine,  and 
Denison  formations  and  theCorsicana  sands  of  the  Navarro  ImmIh  ( p.  419). 

243 and  Vaughan  (T.  Waj-land).     Austin  folio,  Texas. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  76,  pp.  8.  1902. 
Notes  the  occurrence  of  interrupte<l  streams  and  de**cribeH  the  springs 
of  the  honeycombed 'I'M  wards  limestone  (p.  2).  The  quadrangle  is 
underlain  by  the  Trinity  group,  which  should  furnish  water  rising 
600  feet  aVx)ve  sea  level.  The  variations  in  depth  of  the  Xmie  are 
de9cril:)e<l  (p. 8). 

244  HOls  (Richard  Charles).     Elmoro  folio,  Colorado. 

U.  S.  (reol.  Surv..  Geol.  Atlas  of  U.  S.,  folio  no.  58,  pp.  5,  1899. 

Descril)es  the  artesian  waters  of  the  Dakota  sandstone,  together  with 
the  position,  thickness,  and  depth  of  that  be<1.  Strong  flows  are  not 
probable,  but  small  flows  can  be  obtained  in  Purgatory  Valley  and  else- 
where. The  occurrence  of  springs  is  noted.  In  additiim  to  the  descrip- 
tions, a  map  showing  the  outcrop  of  the  water  hori7X)n  and  the  extent 
of  and  depths  to  the  water  bed  in  the  flowing  and  non flowing  areas  is 
given  (pp.  4-5). 

245 Walsenburg  folio,  Colorado. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  68,  pp.  6,  1900. 

Describes  the  Dakota  sandstone  and  Lower  Eocene  l>e<ls  and  discusses 
the  structure  of  the  quadrangle.  The  prosp€»cts  for  flowing  and  non- 
flowing  wells  and  the  nietho<ls  and  cost  of  lx)ring  are  <Y)nsidere<l,  an*! 
the  requisite  conditions  of  artesian  water  are  noted.  A  map  showing 
the  areas  of  outcrop  of  the  Dakota  sandstone  and  the  Poison  C^anyon 
formation,  the  flowing,  nonflowing,  and  unpro<lu<*tive  art^as,  and  the 
depth  to  the  Dakota  sandstone  is  given. 

2fU) Spanish  peaks  folio,  Colorado. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  71,  pp.  7,  1901. 

Discusses  artesian  conditions  and  the  present  and  prospective  supplies, 
and  describes  the  Dakota  sandstone  and  Poison  Canvon  formation. 
Notes  the  occurrence  of  springs.  Gives  a  map  showing  areas  underlain 
by  water-bearing  formations  and  the  depth  to  the  Dakota  sandstone. 

247  Hobbs  (William  Herbert).     The  Newark  system  of  the  Pompe- 

rang  Valley,  Connecticut. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Kept.,  pt.  3,  pp.  7-162,  1900. 

Considers  the  rectilinear  arrangement  of  ci^rtain  springs  as  indicating 
fault  lines  (pp.  91-93). 
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248  Holgate  (II.  L.).     The  legal  status  of  irrigation.* 

I  J.  S.  Geol.  Siirv.,  Water-Supply  and  Irrigation  Paper  no.  93,  i>p. 
2t)6-.S00,  1904. 

Devotes  a  section  to  underground  waters,  giving  characteristic  court 
decisions  relating  thereto  (p.  299). 

249  HoUick  (Arthur).     Cretaceous  deposits  of  Staten  Island.     New 

York  City  folio.  New  York-New  Jersey. 

U.  8.  (kH>l.  Surv.,  Geol.  Atlas  of  T.  S.,  folio  no.  83,  pp.  10-11,  1902. 
Notes  the  importance  of  the  Cretaceous  beds  as  a  source  of  water  HU\y- 
ply,  and  mentions  the  drift  and  serpentine  as  additional  sources. 

260  Hood  (Ozni  Porter).     New  tests  of  certain  pumps  and  water  lifts 
used  in  irrigation. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  14,  pp.  91, 
1898. 

A  critical  discussion  of  the  various  pumps  and  lifts  used  to  raise 
underground  waters  to  the  surface. 

251  Hoyt  (John  C).     Report  of  progress  of  stream  measurements 

for  the  calendar  year  1903.     Part  4,  Interior  Basin,  Pacific, 

and  Hudson  Bay  drainage. 

V.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  100,  pp. 
533,  1904. 

Gives  spring  measurements  in  Nevada  (p.  227),  mentions  the  springs 
of  the  San  Francisco  district  (p.  277),  describes  briefly  underflow  and 
seepage  at  certain  points  in  southern  California  (p.  339),  and  gives  yiehl 
of  wells  and  pumping  plants  in  the  same  region  (pp.  355-356). 

252  Hutson  (William  Ferguson).     Irrigation  systems  of  Texas. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  13,  pp.  68, 
1H98. 

Discusses  the  pumping  of  underground  waters  for  irrigation  in  the 
Voiiit  (fulf  Coast  region  (pp.  25-27),  in  central  Texas  (p.  29),  along  the 
Colorado  River  (p.  33),  on  the  Llano  Estacado  (pp.  59-62),  and  at 
Lare<lo,  Hidalgo,  and  Brownsville  (pp.  58-59).  The  strong  artesian 
flows  near  San  Antonio  and  in  tlie  Pecos  Valley,  and  the  great  San 
Marcos  and  Comal  springs,  together  with  the  smaller  springs  of  the 
Pecos  Valley,  are  also  described. 

253  Hydrography,  Division  of.     Opemtions  at  river  stations,  1899. 

Part  2. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  36,  pp.  198, 
1900. 

(tIvcs  the  results  of  a  numl)er  of  spring  measurements  in  Georgia  (pp. 

147-148). 

254  Operations  at  river  stations,  1899.     Part  3. 

17.  S.  (tccjI.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  37,  pp.  298, 
1900. 

Gives  the  rt^sult  of  spring  measurements  at  Columbus,  Nebr.  (p.  276), 
and  descrilies  the  big  well  at  Uvalde,  Tex.,  and  the  Las  Moras  and  San 
?\*lipe  springs,  Texas  (p.  277).  The  flow  of  the  springs  is  60  and  84 
sec(  )nd -f eet ,  respec -ti  vel y . 
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1^55  Hydrography,  DiviHion  of.  Operations  at  river  stations,  18i)9. 
Part  5. 

I'.  S.  (ieol.  Surv.,  Water-Sapply  ami  Irrigation  Piipor  no.  .'«♦,  pp.  471, 
1900. 

Gives  measurementB  of  the  flows  of  artesian  wells  in  the  San  Benar- 
dino  Valley,  California  (p.  423). 

256  Operations  at  river  stations,  IJXK).     Part  3. 

U.  S.  Geol.  Sorv.,  Water-Supply  and  Irrigation  Paper  no.  49,  pp.  292, 
1901. 

Discosses  the  undei^ground  water  supply  of  the  South  Platte  Basin, 
Colorado  (p.  279). 

257  Operations  at  river  stations,  1900.     Part.  4. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  50,  pp.  387, 
1901. 

Discusses  seepage  in  Colorado  (pp.  299-306,  320)  and  considers  the 
underground  waters  of  Arkansas  Basin,  C-olorado  (p.  320).  The  Bar- 
ton (p.  335),  San  Antonio  (p.  340),  Leona  (p.  :I42),  San  Felipe  (p.  345), 
Toy  ale  (p.  361 ),  Saragossa  (p.  362),  and  the  springs  of  Lampasas  River  (p. 
335),  Nueces  River  (p.  :W3),  and  Mud  Creek  (p.  :i45),  all  of  Texas,  are 
described  or  mentioned,  as  are  also  the  artesian  wells  of  the  San  Anto- 
nio (p.  340). 

258  Operations  at  river  stations,  1900.     Part  5. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  51,  pp.  487, 
1901. 

Gives  a  number  of  discharge  measurements  of  wells  in  California 
(pp.  482-484). 

259  Operations  at  river  stations,  1900.     Part  6. 

U.  S.  Geol.  Surv.,  Water-Supply  an^l  Irrigation  Paper  no.  52,  pp.  575, 
1901. 
Describes  the  construction  of  wells  in  southern  California  ( pp.  497-498 ) . 

260 Operations  at  river  stations,  1901.  Part  2  (west  of  Mis- 
sissippi River). 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigati<m  Paper  no.  66,  pp.  188, 
1902. 

Notes  the  source  of  Mill  Creek,  Texas,  in  springs  (p.  62),  and 
describes  the  Carrizo  Springs  of  Texas  (p.  6S)  and  the  soda  springs  near 
theTieton  River,  Washington  (p.  135).  An  analysis  of  the  waters  of 
the  Carrizo  Springs  (well)  is  given  (p.  63). 

I. 

'2^)1  IddingB  (Joseph  P.)  and  Weed  (Walter  H.).    Livingstone  folio, 

Mgntana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  1,  pp.  4,  1894. 
Describes  travertine  of  present  and  extinct  hot  springs  (p.  3). 

262  Irving  (John  Duer).     Economic  resources  of  the  northern  Black 

Hills. 

U.  S.  Geol.  Surv.,  Professional  Paper  no.  26,  pp.  222,  1904. 

Mentions  the  relation  of  underground  waters  to  ore  deposits  or  min- 
eralization (pp.  110,  136,  190),  and  gives  a  more  comi)lete  discussion  on 
pp.  155-157. 
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263  Irviiig  (Roland  Duer).     On  secondary  enlargements  of  mineral 

fragments  in  certain   rocks:    Sunmiary  of  general   con- 
clusions. 

U.  S.  Geol.  Surv.,  Bull.  no.  8,  pp.  48-52,  1884. 

Ascribes  enlargement  of  quartz  grains  in  the  Huron,  Potsdam,  and 
St.  Peters  quartzites  to  deposition  from  interstitially  percolating  waters 
(p.  49). 

J. 

264  Jack  (John  G.).     Pikes  Peak,  Plum  Creek,  and  South   Platte 

[forest]  reserves. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept,  pt.  5,  pp.  39-115,  1899. 
Notes  tlie  springs  of  the  South  Platte  reserve  (p.92). 

265  Johnson  (Lawrence  C.)  Smith  (Eugene  A.)  and.     Tertiary  and 

Cretaceous  strata  of  the  Tuscaloosa,  Tombigbee,  and  Ala- 
bama rivers. 

See  Smith  (Eugene  A.)  and  Johnson  (Lawrence  C.) 

266  Johnson  (Laurence  C.)  and  Eckel  (Edwin  C).     Mississippi. 

[Well  records.] 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
332-357,  1904. 

Considers  briefly  the  general  underground  water  conditions  and  gives 
a  table  of  geologic  and  w^ater  horizons  (pp.  332-333).  Tables  of  a  large 
nuniljer  of  wells,  giving  depths,  head,  quality,  supply,  geologic  horizon 
of  water,  etc.,  are  included. 

267  Johnson  (Willard  D.).     The  high  plains  and  their  utilization. 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept.,  pt.  4,  pp.  601-741,  1900. 

Describes  their  character,  origin,  ideological  structure,  and  climate 
(pp.  609-679),  and  notes  the  necessity  of  additional  water  supplies  (pp. 
680-691).  The  occurrence  of  underground  waters,  including  the  catx^-h- 
ment  through  basins,  sinks,  sod  cracks,  etc.,  resulting  from  solution  (»r 
caving  of  Tertiary  or  Cretaceous  beds  is  discussed,  and  the  groun<l 
water  conditions  of  the  Meade  artesian  basin  and  other  regions  desc^rilxxi. 
Both  wells  and  springs  are  considere<l  (pp.  702-741). 

268  The  high  plains  and  their  utilization. 

V.  S.  Geol.  Surv.,  22d  Ann.  Rept.,  pt.  4,  pp.  631-669,  1901. 

(lives  a  physical  description  of  the  plains  (pp.  637-640)  and  considers 
the  occurence  and  origin  of  the  underground  waters  (pp.  640-042). 
There  appears  to  l)e  enough  water  for  watering  stock,  but  not  enou^li 
for  extensive  irrigation,  except  in  valleys.  The  importance  of  correct 
well  construction  is  emphasized  (p.  669). 


269  Keith  (Arthur).     Knoxville  folio,  Tennessee-North  Carohna. 

U.  S.  Geol.  Surv.,  Geol.  Atla^s  of  U.  S.,  folio  No.  16,  pp.  6,  1895. 

Descriljes  springs  and  other  sources  of  water  supply  of  the  region  of 
the  Knox  dolomite,  and  notes  the  value  of  spring-fed  streams  for  water 
IK)wer. 
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270  Bleith  (Arthur).     Ijondon  folio,  Tennessoc. 

U,  S.  (ieol.  Surv.,  Geol.  Atlaa  of  V.  S.,  folio  no.  25,  pp.  6,  18»6. 

De8eribe$«  under^mnd  <lrainage  through  sinkn  into  the  Rntledj^  lime- 
stone, and  in  the  Knox  dolomite  (p.  3).  States  that  the  abundant 
springs  of  the  r^on  give  rise  to  streams  affording  permanent  power 
(p.  6). 

271  Morristown  folio,  Tennessee. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  27.  pp.  5,  1896. 

Mentions  the  undergrouml  drainaf!;e  of  the  Knox  dolomite  and  that 
through  sinks  into  subterranean  channels  in  the  Rutledge  limestone  (p.  2). 
Steady  water  power  is  derived  from  streams  fetl  chiefly  by  springs. 

21'2 Brieeville  folio,  Tennessee. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  V.  S.,  folio  no.  32,  pp.  4,  1896. 
Descriljes  the  underground  drainage  and  sinks  of  the  Knox  dolomite 
(p.  2). 

273 Maynardville  folio,  Tennessee. 

U.  S.  <;eol.  Surv.,Geol.  Atlas  of  U.  S.,  folio  no.  75,  pp.  6,  1901. 

Notes  the  underground  draina^  and  sinks  of  the  Rutledge  limestone 
and  Knox  dolomite  (p.  2)  and  mentions  the  sulphur  springs  of  the 
Chattanooga  shale  (p.  4). 

^74 Cranberry  folio. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  90,  pp.  9,  1903. 
Mentions  the  occurrence  of  multitudes  of  springs  feeding  the  streams, 
many  of  which  have  valuable  water  powers. 

275 Recent  zinc  mining  in  East  Tennessee. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  208-218,  1904. 
Notes  deposition  of  ores  by  ground  waters  and  the  occurrence  of  hot 
springs  in  limestones  (p.  212). 

276  Kennedy  (William)  Hayes,    (C.  W.)   and.    Oil   fields  of  the 

Texas-Louisiana  Gulf  Ck>astal  Plain. 
See  Hayes  (C.  W.)  and  Kennedy  (William). 

2^77  King  (Franklin  Hiram).    Principles  and  conditions  of  the  move- 
ments of  ground  water. 

U.  S.  Geol.  Surv.,  18th  Ann.  Kept,  pt.  2,  pp.  59-294,  1897. 

Among  the  subjects  discussed  are  the  water-holding  capacity  of  soils 
and  rocks  (pp.  70-71);  the  gravitational,  thermal,  capillary,  and  neepage 
movements,  and  movements  due  to  crust  deformation  and  rock  consoli- 
dation (pp.  71-94);  experimental  investigations  of  movements  through 
wire  gauze,  tubes,  rocks,  sands,  soils,  etc.  (pp.  107-206);  movements 
through  sand  and  rock  in  nature  (pp.  207-292);  influence  on  flow  of 
form,  diameter,  and  arrangement  of  grains  (pp.  207-21 S,  228-242); 
determination  of  pore  space  and  size  of  grains  (pp.  218-228);  movements 
over  wide  areas  and  in  fissures  (pp.  245-250);  interference  of  wells  (pp. 
27^279);  flow  into  wells  (pp.  279-289);  comi)utatio!i  of  capacity  (p|). 
289-290);  flow  into  driven  well  points  (pp.  290-292),  and  rate  of  pump- 
ing of  different  classes  of  wells  (pp.  292-293). 
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L. 

278  La  Forge  (liaurence)  Crosby  (William  O.)  and.     Massachu8ettji>. 

[Well  and  spring  records.] 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paiier  no.  102,  i>p. 
94-111,  1904. 
See  Crosby  (William  O.)  and  La  Forpe  ^Laurence). 

279  Lane  (Alfred  C).     Water  resources  of  the  lower  peninsula  of 

Michigan. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  30,  pp.  97, 
1899. 

Treats  of  the  uses  of  surface  and  underground  waters  (pp.  11-48),  (tli- 
mate  (pp.  48-57),  well  temperatures  (p.  56),  geology  and  topography, 
including  descriptions  of  shallow  wells,  methods  of  sinking  wells 
(p.  69),  deep  wells  of  the  Carboniferous,  Devonian,  and  Silurian  rocks 
(pp.  77-89),  rock  structure  (pp.  90-91),  and  prospects  in  various  dis- 
tricts (pp.  91-94). 

280  Lower  Michigan  mineral  waters.     (A  study  into  the  connec- 

tion between  their  cliemical  composition  and    mode   of 

occurrence.) 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  31,  pp.  97, 
189J). 

Considers  the  economic  value  of  water  (pp.  12-14)  and  discusw^s 
analyses  of  the  waters  of  lakes,  streams,  wx^lls,  springs,  etc.  (pp.  14—57). 
The  chemistry  of  the  waters  of  the  various  geological  formation^^, 
including  the  Marshall  and  Berea  Grit  and  the  Devonian  and  Silurian 
limestones,  is  treated  at  some  length  (pp.  58-86).  Special  attention  is 
given  to  the  brines  (pp.  66-70). 

281  Langille   (H.    D.).      Forest  conditions  in   the  Cascade    Forest 

Reserve,  Oregon:  Northern  portion  of  Cascade  Range  For- 
est Reserve. 

U.  S.  (Jeol.  Surv.,  Prof.  Paper  no.  9,  pp.  27-69,  1903. 
Describes  hot  mineral  springs  (p.  28). 

282  Lee   (Willis  T.).      Underground  waters  of   Salt  River  Valley 

[Arizona].  : 

U.  S.  Geol.  Surv.,  2d  Ann.  Kept.  Reclamation  Service,  1902-3,  pt. 
73-76,  1904. 

Describes  the  underflow  and  the  various  water  horizons.  Pumping 
for  irrigation  is  proposed. 

283  The  underground  waters  of  Gila  Valley,  Arizona. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  104,  pp.  71, 
1904. 

Among  the  topics  discussed  are  wells  (pp.  14-23),  return  waters 
(jip.  21^25),  underflow,  including  rate  of  movement  and  volume 
(pp.  26-(>ii,  67,68),  composition  of  ground  waters,  including  analys4\«» 
(pp.  15,20,  57,61),  well  descriptions  and  records  (pp.  14-23),  cajwicity 
of  wi'lls  and  well  tests  (pp.  16-18),  seepage  ditches  (pp.  2:^25,  51-52), 
porosity  of  gravels  (pp.  47-48),  experiments  with  underflow  (pp.  40-47 >, 
and  pumping  plants  (pp.  52-57). 
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284  Leiberg  (John  B.).     Priest  River  Forest  Reserve  [Idaho]. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rt^pt.,  pt,  5,  pp.  217-252,  1898. 
In  connection  with  the  diw^uaeion  of  water  suppliffl  the  coUiHlion  of 
water  in  fissured  granite  and  its  eniei^nce  at*  Hprings  in  noted  ( p.  220) . 

285 Bitter  root  Forest  Reserve  [Montana]. 

U.  S.  Geol.  Snrv.,  19th  Ann.  Rept.,  pt.  5,  pp.  253-282,  1898. 
Springs  are  nanierous  and  give  rise  to  Hmall  streams.     It  is  thought 
that  they  might  be  used  for  irrigation  {pp.  259-260). 

286  The  San  Gabriel  Forest  Reserve  [California]. 

U.  8.  Geol.  Surv.,  20th  Ann.  Rept.,  pt.  5,  pp.  411-428,  1899. 
Not^  the  al)Horption  of  water  into  the  rocks  and  the  reappearance  as 
springs  (p.  415). 

287 The  San  Bernardino  Forest  Reserve. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept,  pt.  5,  pp.  429-454,  1899. 

Notes  the  disappearance  of  streams  in  gravel  (p.  433)  and  mentions 
the  practice  of  tunneling  to  intercept  ground  water  (p.  4.*i5).  Dencribes 
the  artesian  basins  of  the  reserve  (p.  435). 

288 Cascade  Range  Forest  Reserve  [Orej^on];   Ashland  Forest 

Reserve. 

r.  S.  Geol.  Surv.,  2Ut  Ann.  Rept.,  i>t.  5,  pp.  20tM98,  1900. 

Notes  the  occurrence  of  large  st)rings  giving  riwe  to  streams  (p.  225) 
and  the  presence  of  hot  springs  (p.  229).  Mention  is  made  of  the  di^~ 
appearance  of  streams  into  the  lava  (p.  231 ). 

289 F'orest  conditions  in  the  Cascade  Forest  Reserve,  Oregon: 

Southern  part  of  the  Cascade  Range  Forest  Reserve. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  9,  pp.  229-289,  1903. 

Describes  springs  (pp.  239,  264,  281,  283)  and  notes  al)sorption  of 
water  by  pumice  (p.  234)  and  by  fissures  in  the  lava  (pp.  276,  281). 

2iXJ Rizon   (Theodore   F.),   and  DodweU   (Arthur).     Detailed 

descriptions  [of  timber  of  townships].     Forest  conditions  in 

the  San  Francisco  Mountains  Forest  Reserve,  Arizona. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  22,  pp.  ;i5-91,  1904. 

Gives  occasional  references  to  springs  in  connection  with  discussion 
of  forest  conditions. 

291  Leiberg  (John  B.).  Forest  conditions  in  the  Little  Belt  Mountains 
Forest  Reserve,  Montana,  and  the  Little  Belt  Mountains 
Quadrangle. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  30,  75  pp.,  1904.  ' 
Mentions  springs  under  "Drainage  conditions"  in  some  of  the  town- 
ship descriptions. 

^.)2  Leig^ton  (Marshall  Ora).  Sewage  pollution  in  the  metropolitan 
area  near  New  York  Citv  and  its  effect  on  inland  water 
resources. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  72,  pp.  75, 
1902. 

Discusses  the  normal  composition  of  underground  waters,  including 
the  normal  chlorine,  and  mentions  the  loss  of  mechanical  sedimenb* 
and  gain  in  material  in  solution  in  the  passage  of  water  into  the  ground. 
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293  Leighton  (Marshall  Ora).     Normal  and  polluted  waters  in  north- 

eastern United  States. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  79,  pp.  192, 
1903. 

Notes  the  remova]  of  albuminoid  ammonia  by  natural  filtration  and 
discusees  the  normal  composition,  especially  the  chlorine  constituent  of 
ground  and  seepage  waters.  Points  out  the  necessity  of  storing  such 
waters  in  covered  reservoirs  on  account  of  the  abtmdant  nitrates  which 
favor  algous  growth  (pp.  22-31). 

294  Quality  of  water  in  the  Susquehanna  River  drainage  basin. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  108,  76  pp., 
1904. 

Describes  coal  mine  waters  (pp.  24-26)  and  the  underground  waters 
of  the  Chemung  Valley  of  New  York  and  Pennsylvania  (pp.  51-52), 
the  west  branch  of  the  Susquehanna  (pp.  53-56)  and  the  Juniata  (pp. 
63-65) .  Analyses  of  waters  from  mines,  springs,  wells,  and  streams  are 
given. 

295  Leith  (Charles  Kenneth),  Van  Hise  (Charles  Richard),  Clexnents 

(J.   Morgan)   and.     Iron-ore   deposits  of  Lake  Superior 

region. 
See  Van  Hise  (C.  R.),  and  Leith  (C.  K.),  and  Clements  (J.  Morgan). 

296  Leith  (Charles  Kenneth).     The  Mesabi  iron-bearing  district  of 

Minnesota. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  43,  316  pp.,  1903. 

Discusses  the  relation  of  water  level  to  ores,  waters  in  mines,  etc.  ( pp. 
234-235),  the  processes  of  alteration,  including  analyses  (p.  265)  and  tlie 
laws  of  circulation  (pp.  265-272).  The  ores  are  considered  to  have  l)et»n 
derived  from  greenalite-l)earing  sedimentary  rocks  or  from  carbonates 
by  the  action  of  underground  waters  (pp.  237-238),  the  alteration  taking 
place  both  above  and  l^elow  the  water  level.  The  presence  of  phos^ 
phates  in  waters  from  ores  and  the  concentration  of  the  ores  by  water 
is  considered  (pp.  274-275),  and  the  influence  of  percolating  water  in 
the  formation  of  other  Lake  Superior  ores  is  noted  (pp.  277-279). 

297  Geologic  work  in  tlie  Lake  Superior  iron  district,  1902. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  247-250, 1903. 
Considers  the  relation  of  underground  waters  to  ore  deposition  (pp. 
249-250). 

298  Iron  ores  in  southern  Utah. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  228-237,  1904. 

Notes  agency  of  percolating  waters  in  ore  deposition  (p.  235). 

299  The  Lake  Superior  iron  region  during  1903. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  215-220,  1904. 
Notes  deposition  of  ores  of  Menominee  district,  Michigan,  by  circulat- 
ing waters  (p.  216). 
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800  Leverett  (Frank).    The  water  resources  of  Illinois. 

U.  S.  Geol.  San-.,  17th  Ann.  Kept.,  pt.  2,  pp.  e»6-849,  1896. 

Considers  topography  and  drainage  (pp.  703-717),  rainfall  (pp.  718- 
730),  run-off  (pp.  730-742),  navigable  waters  (pp.  744-746),  waU-r 
powers  (pp.  746-748),  drift  and  shallow  and  deep  rock  well?,  suppliefl  for 
towns  or  cities  ( pp.  748-765 ) ,  and  rural  supplies  ( pp.  765-782 ) .  A  chap- 
ter is  devoted  to  artesian  wells,  including  a  discussion  of  the  geology  and 
of  the  altitude,  capacity,  casing,  head,  and  quality  of  water  (pp.  785- 
818).    A  considerable  number  of  analyses  are  given  (pp.  819-829). 

301 The  water  resources  of  Indiana  and  Ohio. 

U.  S.  Geol.  Surv.,  18th  Ann.  Rept,  pt.  4,  pp.  419-559,  1897. 

After  considering  the  physical  features,  drainage,  lakes,  et4\,  of  the 
region  (pp.  426-474)  a  discussion  of  underground  waters,  including 
wells  of  the  drift,  shallow  and  deep  rock  wells,  subterranean  drainage 
lines,  springs,  analyses  of  the  waters,  etc.,  is  given  (pp.  474-501).  This 
is  followed  by  extended  descriptions  of  the  water  supplies  of  cities  and 
villages  (pp.  502-^559). 

3*>2 The  Illinois  glacial  lobe. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  38,  817  pp.,  1899. 

Gives  a  chapter  on  the  wells  of  Illinois  (pp.  550-787),  in  which  a  classi- 
fication of  undeiiground  waters,  a  discussion  of  artesian  conditions,  and 
detailed  deecriptions  of  the  wells  by  counties,  with  many  records,  are 
included. 

3<)3 Wells  of  northern  Indiana. 

U.  S.  (jeol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  21,  pp.  82, 
1899. 

Gives  maps  showing  distribution  of  drift  and  the  relation  of  wells  to 

the  drift.    Discusses  the  general  conditions  of  undeiiground  supplies  and 

describes  and  gives  records  of  many  wells,  both  flowing  and  nonflowing. 

304 Wells  of  southern  Indiana.    (Continuation  of  Water  Supply 

and  Irrigation  Paper  no.  21.)^ 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  26,  pp.  64, 
1899. 

Discusses  the  relations  of  wells  to  the  geology,  including  both  drift 
and  rock,  and  describes  and  gives  records  of  a  large  number  of  wells. 

305 Danville  folio,  Illinois-Indiana.     Underground  water. 

i:.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  67,  pp.  7-9,  1900. 

Gives  a  detailed  discussion  of  underground  waters  and  of  wells, 
including  both  open  and  tubular,  flowing  and  nonflowing,  and  drift  and 
rock  types.  The  problems  of  catchment  and  head  are  considered. 
More  than  a  hundred  records  giving  altitude,  depth,  head,  etc.,  are 
included. 

306 Glacial  formations  and  drainage  features  of  the  Erie  and 

Ohio  basins. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  41,  802  pp.,  1902. 

No  special  discussion  of  the  waters  of  the  drift  is  given,  although 
many  incidental  references  to  wells  and  records  are  included,  especially 
to  the  flowing  wells  of  Ohio  (see  index  of  monograph). 
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307  Lindgren  (Waldemar)  and  Turner  (H.  W.).     Marynville  folio, 

California. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  17,  pp.  2,  1895. 

Gives  deep-well  records  at  Marysville  Buttes  and  discusses  the  value 
of  wells  as  sources  of  water  supply.  Some  of  the  water  is  chai^^i  with 
carbonates  and  sulphates. 

808  Lindgren  (Waldemar).    The  gold  quartz  veins  of  Nevada  City 
and  Grass  Valley  districts,  California. 

U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  pt.  2,  pp.  1-262,  1896. 

Notes  the  occurrence  of  strong  ascending  springs  along  the  quartz 
veins  (pp.  120-124),  and  ascribes  the  deposition  of  the  ores  to  ascending 
thermal  waters  containing  carbonates,  silica,  alkaline  sulphates  and  sul- 
phides, and  metals  (pp.  173,  262).  Analyses  of  the  water  and  deposits 
show  carbonates  and  sulphates  of  Ca,  Mg,  Mn,  As,  Fe,  Pb,  Mo,  et<'., 
and  silica  (pp.  121-128).  The  amount  of  silica  is  compared  with  that 
of  waters  of  Iceland  geysers.  Steamboat  Springs,  Nebraska,  and  Yellow- 
stone National  Park  (p.  176). 

309  The  mining  districts  of  the  Idaho  Basin  and  the  Boise  Ridge, 

Idaho. 

U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  pt.  3,  pp.  617-719,  1897. 

Notes  the  occurrence  of  a  hot  mineral  spring  on  a  fault  at  Warm 
Spring  (p.  667). 

310  Boise  folio,  Idaho. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  46,  pp.  7,  1898. 

Notes  the  use  of  springs  for  irrigation  (p.  1).  The  springs  are  esi>e- 
cially  numerous  and  copious  in  the  sheeted  granite  area.  Several  large 
springs,  some  hot  and  weakly  mineralized,  occur  in  the  Payette  forma- 
tion. The  artesian  wells  of  the  granite  and  of  the  Neocene  and  Pleisto- 
cene formations,  especially  the  Payette,  are  considered  and  the  l)est 
locations  discussed.  The  occurrence  of  hot  artesian  mineral  waters  near 
Boise  is  noted  (p.  7). 

311  The  gold  and  silver  veins  of  Silver  City,  De  Lamar,  and 

other  mining  districts  in  Idaho. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept.,  pt.  3,  pp.  65-256,  1899. 

Describes  silicious  spring  deposits  with  some  gold  and  silver  deposited 
by  thermal  waters  at  De  Lamar  (pp.  103-104),  and  the  hydrothermal 
alteration  of  granite,  basalt,  and  rhyolite  are  discussed  from  the  chem- 
ical side  (pp.  174-186).  Notes  the  occurrence  of  hot  artesian  waters 
carrying  gold  and  silver  at  De  Lamar  (p.  187),  and  mentions  the  dejiosi- 
tion  of  ores  by  carbonated  waters  in  the  Wootl  River  district  (p.  217  k 

312  Colfax  folio,  California. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  66,  pp.  10,  1900. 

Mentions  the  numerous  and  copious  springs  of  the  igneous  rocks  antl 
in  the  auriferous  Neocene  river  gravels.  They  sometimes  interfere 
seriously  with  mining  (p.  10). 

313  The  gold  belt  of  the  Blue  Mountains  of  Oregon. 

U.  S.  (ieol.  Surv.,  22d  Ann.  Rept.,  pt.  2,  pp.  551-776,  1901. 

Notes  the  occurrence  of  ascending  thermal  waters  (p.  615)  and 
describes  thermal  mineral  springs  and  their  dej^sits,  giving  analysses 
(pp.  641-642). 
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314  Linfigren  (Waldeniar.)  The  water  resources  of  Molokai,  Hawaiian 
Islands. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper,  no.  77,  pp.  62, 
1903. 

Discuaees  the  physical  conditions  (p.  9-26),  groun<l-water  (x>ndition8, 
quality,  etc  (pp.  26-28),  low  and  high  level  springs  (pp.  28-30),  avail- 
able ground  water  (pp.  47-49,  59),  and  the  present  and  prospective  uses 
for  irrigation  (p.  56).  The  wells,  which  are  mostly  shallow  and  uncer- 
tain as  to  the  amount  of  water  and  as  to  the  salt  in  solution,  are 
described  (pp.  37-47). 

315 and  Drake  (N.  F.).    Nampa  folio,  Idaho-Oregon. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  ia3,  pp.  5,  1904. 

Gives  a  number  of  well  records  (p.  2),  notes  the  work  of  hot  springs 
in  lake  beds  (p.  2),  and  describ(«  the  general  occurrence  of  thermal 
springs,  ground  waters,  and  artesian  wells  (p.  5). 

316 and  Brake  (N.  F.).     Silver  City  folio,  Idaho. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  104,  pp.  6,  1904. 

Discusses  in  detail  the  occurrence  of  wann-spring  and  artesian  waters 
and  wells,  giving  a  table  of  depths  and  temperatures  of  water  of  the 
latter  (pp.  5-6). 

317  TaincJgren  (Waldemar).     A  geological  reconnaissance  across  the 

Bitteroot  Range  and  Clearwater  Mountains  in  Montana  and 
Idaho. 

*    U.  S.  Geol.  Surv.,  Prof.  Paper  no.  27,  pp.  116,  1904. 

Describes  the  mineral  springs  of  the  region  and  their  temperature,  and 
notes  their  use  for  bathing,  etc.  (pp.  113-114). 

318  and  Ransome  (Frederick  Leslie).     Report  of  progress  in 

the  geological   resurvey  of   the  Cripple  Creek  district, 
Colorado. 

U.  8.  Geol.  Surv.,  Bull,  no  254,  pp.  36,  1904. 

CJontains  a  section  on  undeiiground  waters  in  which  depth  of  ground 
water  and  oxidation,  mine  waters,  oc»current'e  of  water  in  joints  of  crys- 
talline rocks,  and  drainage  by  tunnels  are  consi<lere<l  (pp.  31-32). 

319  Uppincott  (Joseph  Barlow).     Water  supply  of  San  Bernardino 

Valley. 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept.,  pt.  4,  pp.  540-633,  1898. 

Describes  springs  and  their  flow  (pp.  563-564),  and  discusses  the 
artesian  wells  fed  by  ground  water  and  by  underflow  from  San  Antonio 
Creek  (pp.  565-566). 

320  Storage  of  water  on  Kings  River,  California. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  58,  pp.  101, 
1902. 

Discusses  the  ground  water  of  Kings  River  delta,  from  which  abundant 
supplies  are  obtained  (pp.  53-84),  and  gives  stati^ticml  tables  giving  for 
the  wells  the  depth,  character  of  water- l)earing  l)0(ls,  quality  of  wattT, 
methods  of  lifting,  cost,  and  the  amount,  use,  and  saline  t'r)ntentH  of  the 
waters.  Seepage  and  its  effect  on  ground- water  level  is  notetl  (pp.  22- 
24,  80-82)  and  the  alkalinity  and  replenishment  of  the  ground  water 
described  (pp.  82-88). 
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321  Lippincott  (Joseph  Barlow).     Development  and  application  of 

water  near  San  Bernardino,  Colton,  and  Riverside,  Cali- 
fornia.   Part  I. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  59,  pp.  95, 
1902. 

Describes  the  artesian  district  (p.  22),  the  rate  of  underflow  (p.  22), 
analyses  (p.  23),  details  of  artesian  area,  including  amount  and  perma- 
nancy  of  supply  (pp.  38-42),  pumping  (pp.  42-46),  irrigation,  springs 
and  wells  of  Riverside  district  (p.  62),  and  wells  of  the  Gage  canal  sys- 
tem (pp.  69-78). 

322  Development  and  application  of  water  near  San  Bernardino, 

Colton,  and  Riverside,  California.    Part  II. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper,  no.  60,  pp. 
102-141.  1902. 

Discusses  the  artesian  wells  in  the  East  Riverside  district,  in  the  Red- 
lands  and  San  Bernardino  quadrangles,  in  the  vicinity  of  Rincon,  etc., 
and  gives  tables  (pp.  115-134)  showing  type  of  wells,  depth,  height  of 
water,  character  of  strata,  quality  of  water,  method  of  lifting,  quantity, 
and  cost  of  water.  Seepage  in  the  San  Bernardino  Valley  is  also  con- 
sidered (pp.  108,  113). 

323  California  hydrography. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  81,  pp.  488, 
1903. 

Describes  the  gravel  fan  at  the  base  of  the  mountains  at  Pasadena 
Mesa.  The  gravel  is  saturated  with  water  which  is  collected  by  wells 
and  tunnels.  Well  statistics,  including  depth,  flow,  etc.,  are  given  (pp. 
174-180). 

324  Lord  (Eliot).     Comstock  mining  and  miners. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  4,  451  pp.  1883. 

Gives  a  chapter  on  "The  contest  with  water,''  describing  the  immense 
flows  of  thermal  waters  enc^ountered  and  the  methods  of  meeting  the 
problems  (pp.  230-244).  Other  incidental  references  to  mine  waters? 
occur. 

M. 

325  Martin  (George  C).     Petroleum  fields  of  Alaska  and  the  Bering 

River  coal  fields. 

U.  S.  Geol.  Surv.,  Bull.  no.  226,  pp.  365-382,  1904. 

Notes  the  occurrence  of  oil,  gas,  and  sulphur  springs  (pp.  368,  378), 
and  mentions  the  finding  of  large  flows  of  water  ( p.  379) .  Undergroun<l 
water  is  assigned  a  part  in  the  accumulation  and  distribution  of  ore 
(p.  369). 

326  Matthes  (Gerard  H.).     Grand  River  project  [Colorado]. 

IT.  S.  Geol.  Surv.,  Second  Ann.  Rept.  Reclamation  Service,  1902-3, 
pp.  210-250,  1904. 

Notes  the  settling  of  the  ground  because  of  accretions  to  the  ground 
water  through  irrigation  (pp.  213,  236). 
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327  McCallie  (S.  W.).     Georgia.     [Water  supply,  well,  and  spring 

records. ) 

U.  S.  Geol.  Siirv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp.  207- 
236,  1904. 

Gives  tables  showing  the  sources  of  public  supplies  (pp.  208-221)  and 
tables  and  notes  on  wells  (pp.  221-225)  and  springs  (pp.  227-236).  The 
data  on  public  supplies  includes  source,  quality,  special  uses,  etc.,  on 
wells,  the  depth,  head,  quality,  analyses,  and  yield;  and  on  springs, 
quality,  odor,  taste,  sediment,  mineral  deposits,  yield,  source,  uses, 
improvements,  and  analyses. 

328  McGhee  (W  J).    Tlie  geology  of  the  head  of  Chesapeake  Bay. 

U.  S.  Geol.  Surv.,  7th  Ann.  Rept.,  pp.  537-646,  1888. 

The  investigation  was  made  to  determine  the  artesian  conditions  near 
Fishing  Battery  Station.  Reviews  the  conditions  necessary  for  artesian 
supplies  and  discusses  the  local  structure  and  displacements  in  addition 
to  a  general  consideration  of  Coastal  Plain  conditions.  A  moderate  sup- 
ply rising  nearly  to  the  surface  is  predicted  from  the  Potomac  sands 
(pp.  644-645). 

329  Administrative  report  [1886-87]. 

U.  S.  Geol.  Burv.,  8th  Ann.  Rept,  pt.  1,  pp.  166-173,  1889. 
Notes  bearing  of  data  collected  at  the  head  of  Chesapeake  Bay  on 
artesian  w^aters  along  the  fall  line. 

380 Administrative  report  [1887-88]. 

U.  S.  Geol.  Surv.,  9th  Ann.  Rept,  pp.  102-110,  1889. 

Mentions  the  artesian  well  prospects  of  the  Fort  Riley  Military  Reser- 
vation, Kansas  (p.  104),  and  notes  an  arrangement  with  A.  J.  Phinney 
to  collect  boring  records  in  Indiana  (p.  105). 

331  Administrative  report  [1888-89]. 

U.  S.  Geol.  Surv.,  10th  Ann.  Rept,  pt  1,  pp.  148-158,  1890. 

Notes  progress  of  the  survey  of  the  Fort  Riley  Military  Reservation 
with  a  view  of  determining  the  water  supply  and  other  economic  pro- 
ducts (p.  154). 

332  The  Pleistocene  history  of  northeastern  Iowa. 

r.  S.  Geol.  Surv.,  11th  Ann.  Rept,  pt  1,  pp.  189-577,  1891. 

Describes  solution  caverns  in  the  Galena  limestone  and  their  ores 
(p.  329),  and  gives  well  sections  in  northeastern  Iowa  and  adjacent  por- 
tions of  Illinois.  They  are  mainly  geological,  but  some  notes  on  water 
are  given  (pp.  514-540). 

333  Introduction:  Rock  gas  and  related  bitumens.    The  natural 

gas  field  of  Indiana,  by  Arthur  John  Phinney. 

U.  S.  Geol.  Surv.,  11th  Ann.  Rept,  pt  1,  pp.  589-616,  1891. 

Notes  the  correspondence  of  laws  governing  the  accumulation  of  the 
of  lighter  hydrocarbons  and  artesian  waters  and  considers  the  recjuisites 
for  artesian  flows  (pp.  603-604). 
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334  McGkee  (W  J).    The  potable  waters  of  the  eastern  United  States. 

U.  S.  (n»ol.  Surv.,  14th  Ann.  Kept,  pt.  2,  pp.  1-47,  1893. 

Besides  rain  and  stream  water,  the  accumulation  and  utilization 
through  wells  or  springs  of  shallow  ground  water  (pp.  40-42),  and  the 
accumulation,  underground  conditions,  etc.,  of  "phreatic"  or  deep- 
seated  waters  of  thermal  springs  and  of  artesian  and  other  deep  wells 
are  considered,  and  local  statistics  given  (pp.  42-47). 

335  Administrative  report  [1892-93]. 

U.  S.  Oeol.  8urv.,  14th  Ann.  Kept.,  pt.  1,  pp.  210-244,  1893. 

Notes  work  of  the  Sur\ey  on  potable  waters  of  wells  and  springs,  the 
occurrence  of  artesian  waters  of  District  of  Columbia,  at  Fortress  Monroe, 
and  at  Cristield,  Maryland  (pp.  216,  219).  w^ork  on  the  artesian  waters  of 
Missouri  (p.  232),  and  studies  on  general  water  supplies,  including  wells 
(p.  237).     A  summary  of  work  on  artesian  waters  is  also  given  (p.  230). 

336  Mead  (Elwood).     Water-right  problems  of  .the  Bighorn  Moun- 

tains. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  23,  pp.  62, 
1899. 

Not«s  loss  by  seepage  from  Little  Tongue  River  and  loss  through 
funnels,  etc.,  in  limestone  (p.  49). 

337  Means  (Thomas  H.).     The  use  of  alkaline  waters  for  irrigation. 

LI.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  93,  pp.  255- 
258,  1904. 

Notes  the  use  of  highly  alkaline  artesian  waters  for  irrigation  in 
Algiers  (pp.  255,  258). 

338  Murphy  (Edward  Charles).     Windmills  for  irrigation. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  8,  pp.  49, 
1897. 

In  addition  to  the  critical  discussion  of  the  use  of  windmills  as  a  means 
of  raising  ground  water  for  irrigation,  a  brief  description  is  given  of  the 
wells  near  Garden,  Kansas  (p.  10). 

339  The  windmill:  its  efficienc}^  and  economic  ise.     Part  I. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  41,  pp.  72, 
1901. 

Discusses  the  types  and  uses  of  windmills  and  gives  the  results?  of 
elaborate  tests  of  their  efficiency  in  raising  ground  water.  The  artesian 
wells  near  CJanlen,  Kansas  are  also  desorilxid  (pp.  22-23). 

340  The  windmill:  its  efficiency  and  economic  use.     Part  II. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  42,  pp.  7.V 
147,  1901. 

Describes  further  tests  relating  to  the  efficiency  of  windmills  in  raising 
ground  water  to  the  surface. 

341  Murphy  (Edwin  C).     Destructive  floods  in  the  United  States  in 

1903. 

U.  S.  (Jeol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  96,  81  j>p., 
1904. 

In  connection  with  the  flood  descriptions  the  author  ccmsiders  gn)un<l 
storage  of  water  and  its  effect  on  the  flow  of  streams  (pp.  71-73.)  Fig- 
ures as  to  amount  of  ix)rosity  are  given  (p.  272). 
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342  Neixrell  (Frederick  HayncH).     Hydrogmphy  of  the  arid  regions. 

U.  S.  Geol.  Siirv.,  12th  Ann.  Rept,  pt.  2,  pp.  213-361,  1891. 

Discusses  mainly  the  flow  and  uses  of  surface  waters,  but  incidentally 
considers  the  wells  of  the  Rio  Grande  Valley  (pp.  247,  278),  the  large 
alkaline  springs  near  Puerto  de  Luna  (p.  284),  the  springs  of  Agua  Negra 
(p.  205),  Peers  (p.  285),  Berenda  (p.  286),  North  Spring,  Hondo,  Block, 
and  Seven  rivers  (p.  286),  Gallinas  springs  (p.  287),  and  springs  of  the 
San  Pedro  district  (p.  304).  Lo8t  and  underground  rivers  are  noted  in 
several  instances  (pp.  232-234,  282,  287,  315). 

3i3 Water  supply  for  irrigation. 

U.  S.  Geol.  Surv.,  13th  Ann.  Kept,  pt.  3,  pp.  1-99,  1892. 
Estimates  a  total  of  8,097  artesian  wells  in  Western  United  States  in 
1890,  3,930  of  which  are  used  for  irrigating  51,896  acres.  In  addition 
there  is  a  still  greater  number  of  pumped  wells  (p.  28).  The  move- 
ment of  water  through  rock  and  secliments  and  the  use  of  underflow 
canals  is  considered  (pp.  29-30).  The  U8e  of  seepage  waters  for  irriga- 
tion near  the  JeffersoA  River,  Montana  (p.  52 ),  and  the  deep  wells  at 
Helena  (p.  55)  are  described. 

344  Administrative  report. 

U.  S.  Geol.  Surv.,  15th  Ann.  Rept.,  pp.  196-198,  1895. 
Describes  work  on  artesian  problems  (p.  196). 

34:5 Report  of  progress  of  the  division  of  hydrography  for  the 

calendar  years  1893  and  1894. 
U.  S.  Geol.  Surv.,  Bull.  no.  131,  pp.  126,  1895. 

Contains  an  account  of  seepage  along  the  Cache  la  Poudre  River, 
Colorado,  and  the  absorption  of  water  by  the  bed  of  the  Platte  River 
(pp.  31-32).  Tables  of  well  records  giving  the  Io<»ation,  year  completed, 
diameter,  depth,  depth  to  water,  cost  of  well  and  machinery,  etc.,  for  a 
large  number  of  wells  in  Nebraska,  Colorado,  and  Kansas  are  included 
(pp.  92-126). 

346 The  public  lands  and  their  water  supply. 

U.  S.  Geol.  Surv.,  16th  Ann.  Rept,  pt.  2,  pp.  457-533,  1896. 

Gives  information  relating  to  the  deep  wells  or  springs  of  Arizona 
(p.  505),  Calilornia  (p.  509),  Colorado  (p.  511 ),  Idaho  (p.  512),  Indian  Ter- 
ritory (p.  512),  valley  of  the  Arkansas  in  Kansas  (p.  514),  of  North  Platte 
River,  Nebraska  (p.  517),  New  Mexico  (p.  520),  North  Dakota  (p.  521 ), 
Oklahoma  (p.  522),  South  Dakota  (p.  523),  and  of  Texas  (p.  524). 
Other  subjects  considered  are  supplies  of  streams  from  underground 
waters  (p.  470),  seepage  (pp.  471,  529),  pumping  (p.  517),  and  wells  as  a 
source  of  supply  for  irrigation  (pp.  499-502). 

347 Report  of  progress  of  the  division  of  hydrography  for  the 

calendar  year  1895. 

U.  S.  Geol.  Surv.,  Bull.  no.  140,  pp.  356,  1896. 

Mentions  the  springs  of  the  sand-hill  re^ou  of  North  Carolina  (p.  65) 
and  the  San  Marcos,  San  Felipe,  Las  Mosas,  Leona,  and  the  springs  of 
Comal  River  and  San  Antonio,  Texas  (pp.  83-85).  The  seepage  of  the 
Ogden  Valley,  Utah  (p.  223),  the  artesian  supply  of  Caliente  Valley, 
California  (p.  267),  the  underground  conditions  and  supply  at  Lindsay, 
California  (p.  279),  and  seepage  measurements  in  Nebraska  (pp.  347- 
349)  are  also  given. 
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348  Ne-well  (Frederick  Haynes).  Preface.  Pumping  water  for  irri- 
gation.    By  Herbert  M.  Wilson. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  1,  pp.  11-13, 
1896. 

Defines  scope  and  plan  for  the  new  series  of  papers  of  which  this  i? 
the  first,  and  gives  a  list  of  some  of  the  surface  and  undei^ground  water 
problems  under  investigation. 

349 Letter  of  transmittal:  Hydrography. 

U.  S.  Geol.  Surv.,  18th  Ann.  Rept,  pt.  4,  pp.  vii-viii,  1897. 
Mentions  work  of  Frank  Leverett,  N.  H,  Darton,  and  F.  F.  B.  Coffin 
on  underground  waters. 

350  Introduction:  Hydrography. 

U.  S.  Geol.  Surv.,  18th  Ann.  Kept.,  pt.  4,  pp.  ix-x,  1897. 
Reviews  work  of  Survey  on  streams  and  underground  waters  from 
1888^0  1896. 

351  Letter  of  transmittal:  Underground  waters  of  southwestern 

Kansas.     By  Erasmus  Haworth. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  6,  p.  9, 1897. 
States  object  of  investigatatiou. 

352  Letter  of  transmittal:  Seepage  Water  of  northern  Utah. 

By  Samuel  Fortier. 

U.  S.  Geol.  Surv. ,  Water-Supply  and  Irrigation  Paper  no.  7  ( p.  9) , 
1897. 
Gives  a  statement  of  the  importance  of  underground  seepage. 

353  Letter  of  transmittal:  Hydrogmphy. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept.,  pt.  4,  pp.  vii-viii,  1898. 
Describes  work  and  papers  of  Edward  Orton  and  N.  H.  Darton  on 
underground  waters  of  Ohio  and  Nebraska  respectively. 

354  Report  of  progress  of  stream  measurements  for  the  calendar 

year  1897. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept.,  pt.  4,  pp.  Ill,  539,  1898. 

Describes  or  mentions  the  springs  of  Shenan<ioah  Valley,  Virginia, 
and  the  water  supplies  of  the  towns  (p.  136).  the  catchment  area  of  the 
Dakota  sandstone  and  the  artesian  basins  of  the  Arkansas  Valley  in 
Colorado,  as  investigated  by  G.  K.  Gilbert  (p.  .'^52),  the  hot  springs  of 
the  Bitterroot  Forest  Reserve,  Montana  ( p.  401 ) ,  the  artesian  wells  of  the 
Moxee  V^alley,  Washington  (with  records),  and  the  large  springs  near 
the  Deschutes  River,  a  tributary  of  the  Columbia  basin,  Washington 
(p.  497). 

355  Letter  of  transmittal:  Undergrbund  waters  of  a  portion  of 

southeastern  Nebraska.     By  N.  H.  Darton. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paj)er  no.  12,  p.  9, 
1898. 
Describes  character  of  the  work  and  plans  for  future  investigations. 
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356  Newell  (Frederick  Ha^^nes).     Introduction.     Irrigation  systems 

in  Texas.     By  William  Ferguson  Huteon. 

U.  S.  Geol.  Surv.,  Water-Snpply  and  Irrigation  Paper  no.  13,  pp.  9-16. 
1898. 

Considers  in  some  detail  the  cost,  capacity,  and  profit  of  pumping 
underground  waters  for  irrigation. 

357  Report  of  progress  of  stream  measurements  for  the  calendar 

year  1898. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept.,  pt.  4,  pp.  1-562,  1899. 

Gives  a  summary  of  hydrographic  investigations  (p.  19)  and  describes 
the  work  on  underground  waters,  artesian  wells,  pumping,  and  wind- 
mills (p.  44),  and  in  the  Black  Hills  and  Bad  Lands,  by  N.  H.  Darton 
(p.  252).  Other  topics  relating  to  underground  waters  which  are  con- 
sidered are  the  springs  of  Cache  La  Poudre  River  (p.  240),  artesian 
wells  of  the  Arkansas  Valley,  Colorado  (p.  340),  ground-water  condi- 
tions in  the  Mississippi  Valley  (p.  350),  use  for  irrigation  and  power  of 
the  springs  of  San  Antonio  River,  Texas  (p.  355),  the  hot  sulphur 
waters  of  Steamboat  Springs,  California  (pp.  384,  387),  underground 
waters  of  the  southern  Ute  Indian  Reservation  (p.  412),  seepage  in 
Boise  Valley  (p.  484),  artesian  well  records,  artesian  wells  of  Moxee 
Valley,  Washington  (p.  508),  artesian  well  discharge  measurements 
(p.  509),  underground  water  at  Arroyo  Seco  and  Pasadena  Mesa,  Cali- 
fornia, with  records  (pp.  543-549),  and  artesian  wells  of  the  Ban  Ber- 
nardino Valley,  California  (p.  539). 

358 Introduction.     Experiments  with  windmills.     By  Thomas  O. 

Perry. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  20,  pp. 
11-18,  1899. 

6ives  a  general  discussion  of  the  uses  of  windmills  in  raising  under- 
ground waters  for  irrigation  and  other  purposes. 

369 Letter  of    transmittal.     Wells  of  northern  Indiana.     By 

Frank  Leverett. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  21,  p.  7, 
1899. 

States  the  nature  of  Mr.  Leverett' s  work  and  gives  reasons  for  publi- 
cation in  present  form. 

360  Letter  of  transmittal.    Wells  and  windmills  of  Nebraska.    By 

Erwin  Hinckley  Barbour. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  29,  pp. 
11-12,  1899. 

Discusses  the  value  of  windmills,  especially  the  hon.e-made  types,  in 
developing  underground  waters. 

361  Letter  of  transmittal.     Hydrography. 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept.,  pt.  4,  p.  7,  1000. 
Notes  the  importance  of  work  of  N.  H.  Darton  in  the  Black  Hills  region. 
South  Dakota,  and  mentions  that  of  _W.  1).  Johnson  on  the  High  Plains. 
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362  Neivell  (Frederick  Haynes).     Report  of  progress  of  stream  meas- 

urements for  the  calendar  year  1899. 

U.  S.  CJeol.  Surv.,  21»t  Ann.  Kept.,  pt.  4,  pp.  9-488,  1900. 

Tlie  report  incidentally  dincusses  the  work  of  the  Survey  on  under- 
ground waters  (p.  27);  the  pumping  of  underground  waters  for  irriga- 
tion in  (Jeorgia  (p.  142);  loss  of  water  from  the  bed  of  Bla<;k  Warrior 
River,  Alabama  (p.  152);  the  work  of  A.  W.  Palmer  on  the  analysis  of 
well  and  spring  waters  of  Illinois  (p.  178);  springs  of  Yellowstone 
National  Park  (p.  190);  ground  water  at  Kearney,  Nebraska  (p.  26); 
springs  at  Mesa  V^erde  and  in  cliff  and  Navajo  Canyon,  Colorado  (p. 
297);  seepage  in  Mancos  Canyon,  Colorado  (p.  294);  artesian  w6lis 
and  seepage  measurements  in  Arizona  (pp.  252,  376,  379),  and  artesian 
or  underground  water  in  the  San  Antonio  basin  and  along  Lytle  Creek 
and  San  Diego  River,  California  (pp.  481,  482,  486). 

363  Letter  of  transmittal.     Hydrography. 

U.  S.  (ieol.  Surv.,  22d  Ann.  Rept,  pt.  4,  p.  7,  1901. 
Mentions  the  paper  of  W.  D.  Johnson  on  **  The  High  Plains  and  their 
Utilization." 

364  Report  of  progress  of  stream  measurements  for  the  calendar 

year  1900. 

U.  S.  (tooI.  Surv.,  22d  Ann.  Rept.,  pt.  4,  pp.  9-506,  1901. 

Notes  the  value  of  artesian  waters  in  desert  lands  (p.  49);  mentions 
the  springs  near  Johnson  City,  Tennessee,  and  gives  analysis  (pp.  231- 
233);  describes  the  disappearance  of  water  in  sinks  in  the  Thunder  Bay 
region  of  Michigan  (p.  261),  and  discusses  the  water  resources,  including 
artesian  and  other  underground  waters  in  southeastern  Idaho  (pp.  421- 
430),  and  in  the  Kings  River  Basin  of  California  (pp.  479-480). 

365  lictter  of  transmittal.     Reconnaissance  of  Yuba  River,  Cali- 

fornia, by  Marsden  Manson. 

U.  S.  Geol.  Surv.,  W^ater-Supply  and  Irrigation  Paper  no.  46,  pp.  9-10, 
1901. 

Notes  the  ad  vantages  of  wind  and  electric  power  in  raising  underground 
waters. 

366  Ijcttor  of  transmittal.     Development  and  application  of  water 

near  San  Bernardino,  Colton,  and  Riverside,  California. 

Part  1,  by  Joseph  Barlow  Lippincott. 
U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  59,  pp.  95, 1902. 
Discusses  the  resort  to  tunnels  and  wells  for  water  supplies. 

367  Letter  of  tmnsmittal.     The  motions  of  underground  waters. 

By  Cliarles  S.  Slichter. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  67,  pp.  106, 
1902. 
States  the  object  and  scope  of  the  investigations  of  underground  waters. 

368  Letter  of  transmittal.     Geology  and  water  resources  of  the 

Patrick  and  Goshen  Hole  quadrangles  in  eastern  Wyoming 
and  western  Nebraska.     By  George  I.  Adams. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  70,  p.  9, 1902. 
Pointa  out  the  importance  of  the  observations  in  the  two  quadrangles, 
•which  are  typical  of  much  of  the  public-land  area  in  this  region. 
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'MV,)  NeweU  (Fi-ederick  Haynes).     Report  of    pro^ifross  of    strwini 
iiioiisurenionts  for  the  calendar  year  11)01. 

U.  S.  (Jeol,  Surv.,  Water-Siipply  and  Irri^tioii  Pajier  no.  75,  p.  24H, 
1903. 

Describes  the  dischar^  of  artesian  wells  in  Moxee  Valley,  near  Xorth 
Yakima,  Washington  (pp.  204-205). 

870 Keport  of  progress  of  stream  measurenjents  for  the  calendar 

year  11K)2.  Part  1,  North  Atlantic  coast  and  St.  Lawrence 
River  drainage. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrig:ation  Paper  no.  82,  pp. 
199,  1903. 

Disoosses  the  necessity  of  data  regarding  depth,  rate  of  flow,  cost,  etc., 
of  artesian  wells  (p.  9). 

371 Report  of  progress  of  stream  measurements  for  the  calendar 

year  1902.  Part  2,  southern  Atlantic,  eastern  Gulf,  and 
Great  Lakes  drainage. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  83,  pp.  304, 
1903. 

Discusses  the  storage  of  water  and  possible  loss  by  subterranean  flow 
from  sand  belt  of  the  Cape  Fear  basin,  North  Carolina  (pp.  30,  60),  the 
removal  of  ground  water  by  ditching  (p.  242),  the  ground  waters  north 
of  Saginaw  Bay,  Michigan  (p.  294),  and  the  absorption  of  water  by 
limestone  in  the  Thunder  Bay  region,  Michigan  (p.  296). 

372 Report  of  progress  of  stream  measurements  for  the  calendar 

year  1902.     Part  3,  western  Mississippi  River  and  western 

Gulf  drainage. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  84,  pp.  200, 
1903. 

Describes  the  character  and  flow  of  the  large  Barton  SpringH,  near 
Austin,  Texas  (pp.  152-163),  the  Sloan  Spring  at  the  e<lge  of  the 
Edwards  plateau,  Texas  (p.  155),  and  the  San  Felipe  Springs  at  Dt'l 
Rio,  Texas  (p.  161). 

373 Report  of  progress  of  stream  measurements  for  the  calen<lar 

year  1902.  Part  4,  interior  basin,  Pacific  coast,  and  Hud- 
son Bay  drainage. 

U.  S.  Geol.  Surv.,  W^ater-Supply  and  Irrigation  Paper  no.  85,  250  pp., 
1903. 

Mentions  inflow  of  rivers  into  Carson  Sink,  Nevada  (pp.  78-79) 

374 First  Annual  Report  of  the  Reclamation  Service. 

June  17  to  December  1,  1902,  317  pp.     Atlas,  1903. 

Quotes  old  laws  autliorizing  investigation  of  underground  currents  and 
artesian  waters  (p.  36),  and  gives  section  of  reclamation  law  covering  the 
same  point  (pp.  61-63).  Other  undergroun<l- water  topics  treated  are: 
Use  of  springs  for  irrigation  in  Idaho  (p.  172),  underflow  in  Kansas  (p. 
200),  ground  waters  of  Musselshell  River  basin,  Montana  (pp.  215-220), 
artesian  investigations  in  Nebraska  (p.  220),  irrigation  by  undcrgrouml 
waters  (p.  196),  springs  of  Nevada  (p.  224),  artesian  waters  of  Oregon 
(p.  273)  and  South  Dakota  (p.  278),  and  artesian  prospects  on  the 
Colombia  p  ains  of  Washington  (p.  304). 
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375  Neivell  (Frederick  Haj^nes).     General  discussion,  organization, 

and  summary  of  work. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept.  Reclamation  Service,  1901-2,  pp. 
21-70,  1904. 

Notes  limitations  imposed  on  Reclamation  Service  in  regard  to  sinking 
deep  wells  (pp.  25-27,  39),  and  mentions  pumping  from  underground 
waters  in  Kansas  (p.  59). 

376  Proceedings  of  first  conference  of  engineers  of  the  Recla- 

mation Service   with  accompanying  papers.     Report    of 

conference. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  93,  pp. 
1-116,  1904. 

Mentions  the  work  of  Mr.  N.  H.  Darton  and  of  the  western  Bection 
of  hydrology  (p.  11),  and  gives  an  account  of  the  organization  of  the 
hydrologic  division  (pp.  15,  16). 

377  Noble  (T.  A.).     Investigations  in  Washington. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept.  Reclamation  Service,  1902-3,  pp. 
487-498,  1904. 
Notes  underground  course  of  Crab  Greek  for  most  of  course  (p.  490). 

O. 

378  Olmstead  (Frank  H.).     Physical  characteristics  of  Kern  River, 

California. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  46,  pp.  1 1- 
38,  1901. 

Describes  the  wells  near  Bakersfield  which  are  perforated  at  each 
water  horizon  (p.  28). 

379  Orton  (Edward).     The  Trenton  limestone  as  a  source  of  petroleum 

and  inflammable  gas  in  Ohio  and  Indiana. 

U.  S.  Geol.  Surv..  8th  Ann.  Rept.,  pt.  2  (pp.  475-662),  1889. 

Notes  the  penetration  of  surface  waters  into  oil  wells  (p.  511)  and  the 
position  of  brine  with  reference  to  oil  and  gas.  Analyses  of  salt  water 
from  the  Trenton,  Niagara,  and  Upper  Helderberg,  which'form  a  special 
type  of  "limestone  brines,"  are  given.  Some  are  used  for  bottling  and 
medicinal  purposes  (p.  621).  Notes  the  limitation  of  progress  of  water 
and  oil  by  dolomitization  (p.  644). 

380  Rock  waters  of  Ohio. 

U.  S.  (leol.  Surv.,  19th  Ann.  Rept.,  pt.  4,  pp.  633-717,  1898. 

Discusses  the  geology  (pp.  638-650)  and  considers  the  waters  of  the 
Trenton  limestone,  the  Medina  and  Clinton  horizons,  Niagara,  Onon- 
daga, and  Corniferous  limestones,  the  Ohio  shale,  the  rooks  of  tiie 
Waverly  group,  and  the  conglomerate  and  other  (carboniferous  IxmIs 
(pp.  651-696).  Flowing  rock  wells  and  artesian  wells  of  burie<l  glacial 
channels  are  described  (pp.  697-717). 

P. 

381  Parker  (Edward  W.).     Salt  [1892]. 

U.  S.  CJeol.  Surv.,  Min.  Res.  of  U.  S.,  1892,  pp.  792-800,  1893. 
Gives  production  of  salt  from  wellw,  sj^rings,  and  other  sources  for  the 
year  1892. 
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382  Parker  (Fxlward  W.).     Salt  [1893]. 

r.  S.  (Jeol.  Surv.,  Min.  Re«.  of  V.  8.,  1893,  pp.  717-727,  1894. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
year  1893. 

383 Salt  [1894]. 

U.  S.  Geol.  8urv.,  16th  Ann.  Rept,  pt  4,  cont.,  pp.  646-657,  1895. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
year  1894. 

384 Salt  [1895]. 

U.  S.  Geol.  Sufv.,  17th  Ann.  Rept.,  pt.  3,  cont,  pp.  984-997,  1896. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
year  1895. 

aS5  Salt  [1896]. 

U.  8.  Geol.  Surv.,  18th  Ann.  Rept,  pt  5,  cont.,  pp.  1273-13W.  1897. 
Give«  pro<luction  of  sali  from  wells,  springs,  and  other  sources  for  the 
year  1896. 

386 Salt  [1897]. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept  pt.  6,  cont.,  pp.  587-612,  1898. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
year  1897. 

387 Salt  [1898]. 

U.  S.  Geol.  Surv,,  20th  Ann.  Rept.,  pt  6,  cont,  pp.  667-688,  1899. 
Gives  production  of  salt  from  wells,  springs,  and  other  POun*es  for  the 
year  1898. 

3SS Salt  [1899]. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Rept,  pt  6,  cont,  pp.  531-554. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
year  1899. 

389 Salt  [19()0]. 

U.  8.  Geol.  Surv.,  Min.  Res.  of  V.  S.,  1900,  pp.  835-848,  1901. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
vear  1900. 

390  Peale  (Albert  C).     Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1883-84,  pp.  97^-987,  1885. 

Gives  a  list  of  mineral  spring  localities.  States  the  output  for  1883  as 
47,289,743  gallons,  with  a  value  of  |1,13^),483,  and  for  1884  as  (W, 720,936 
gallons,  with  a  value  of  11,665,490.  Statistics  of  iin])orts  and  exix>rts 
are  included. 

391 Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1885,  pp.  5.36-543,  1886. 

A  list  of  mineral  spring  localities  and  statistics  of  production,  exports, 
and  imports  are  given.  The  output  for  the  year  is  given  as  9,148,401 
gallons,  with  a  value  of  $1,312,845.  The  decrease  in  production  is  due 
to  the  exclusion  of  the  artesian  wells  used  for  the  public  supply  at  Mad- 
ison, Wisconsin. 
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392  Peale  (Albert  C).     Lists  and  analyses  of  the  mineral  springs  of 

the  United  States  (a  preliminary  study). 

U.  8.  Geol.  Siirv.,  Bull.  no.  32,  pp.  235,  1886. 

Discusses  the  flow,  temperature,  classification,  and  composition  of  657 
springs  from  405  localities.  One  hundred  and  eighty-seven  analyses  are 
given.  Seventy-four  springs  are  developed  as  resorts  and  72  are  used 
commercially. 

393  Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1886,  pp.  715-721,  1887. 

Includes  the  usual  list  of  spring  localities  and  statistics  of  production, 
imports,  and  exports.  The  total  output  for  1886  is  given  as  8,950,317 
gallons,  with  a  value  of  $1,284,070. 

394  Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1887,  pp.  680-687,  1888. 

Spring  localities  are  listed  and  statistics  of  production,  import,  and 
export  given.  The  output  for  the  year  is  placed  at  8,259,609  gallons, 
with  a  value  of  $1,261,473. 

395  Administmtive  report  [1886-87]. 

IT.  S.  Geol.  Surv.,  8th  Ann.  Rept.,  pt.  1,  pp.  14^-148,  1889. 
Details  progress  of  work  on  mineral  waters  and  mentions  papers  pub- 
lished during  the  year. 

396  Administrative  report  [1887-88]. 

U.  S.  Geol.  Surv.,  9th  Ann.  Rept.,  pp.  111-114,  1889. 
Notes  the  preparation  of  a  third  paper  on  the  statistics  of  mineral 
waters. 

397  Administrative  report  [1888-89]. 

U.  K.  Geol.  Surv.,  10th  Ann.  Rept.,  pt.  1,  pp.  130-132,  1890. 
Mentions  the  work  of  Charles  W.  Redmond  on  mineral  waters  (p.  132). 


/ 


398  Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1888,  pp.  623-630,  1890. 

The  production  for  1888  is  stated  as  9,578,648  gallons.  Its  value  was 
$1,679,302.  Both  production  and  value  show  an  increase  over  previous 
year.     Other  statistics  and  a  list  of  springs  are  given. 

399  Administrative  report  [1889-90]. 

U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  pt.  1,  p.  82,  1891. 
Mentions  his  assignment  to  the  Eleventh  Census  to  take  chai^ge  of 
mineral  waters. 

400  Administrative  report  [1890-91]. 

U.  S.  Geol.  Surv.,  12th  Ann.  Rept.,  pt.  1,  pp.  91-92,  1891. 
Descril>e8  work  on  mineral  waters  for  the  Survey  and  for  the  Eleventh 
Census. 

401  Administrative  report  [1891-92J. 

U.  S.  Geol.  Surv.,  VMh  Ann.  Rept.,  pt.  1,  p.  124,  1892L 
Describes  work  on  mineral  water  statistics. 
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402  Peale  (Albert  C).     Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1889-90,  pp.  521 -.536,  1892. 

The  number  of  springs  re{)orting  in  1889  was  258,  their  product 
12,780,471  gallons,  and  the  value  of  the  water  $1,748,468.  In  1890,  273 
springs  reported  an  outpatof  13,907,418  gallons,  with  a  value  of  12,600,750. 
Other  statistics  and  lists  of  nprings  are  given. 

403 Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  8.,  1891,  pp.  601-^10,  1893. 
This  year  288  springs,  with  a  production  of  18,392,732  and  value  of 
$2,996,259,  reportetl.    Lists  of  springs  and  detailed  statistics  are  presented. 

404  Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res,  of  U.  S.,  1892,  pp.  823-834,  1893. 

In  1892  aggregate  sales  amounting  to  21,876,()04  gallons,  with  a  value 
of  $4,905,976,  were  reported  by  283  springs.  The  usual  statistics  and 
list^  of  pprings  are  included  in  the  paper. 

4<)5 Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1893,  pp.  772-794,  1894. 

The  number  of  springs  reporting  sales  in  1893  was  330;  the  total 
amount  sold,  23,.>44,495  gallons,  and  the  value,  $4,246,743.  In  addition 
to  the  usual  statistics  and  list  of  commercial  springs  a  list  of  springs  used 
as  resorts  is  given. 

406 Natural  mineral  waters  of  the  United  States. 

U.  S.  Geol.  Surv.,  14th  Ann.  Rept.,  pt,  2,  pp.  49-88,  1894. 

Discusses  the  history  (pp.  53-57),  origin  (pp.  58-^59),  flow  (pp.  59-61 ), 
source  of  mineralization  (p.  61),  relation  to  geology  and  geologic  struc- 
ture (pp.  62-64),  classification  (pp.  64-68),  temperature  (p.  68),  compo- 
sition (pp.  69-73),  distribution  (pp.  73-80),  and  uses  of  springs  (pp. 
80-81 ),  and  their  development  as  resorts  (pp.  81-88). 

407 Mineral  waters  [1894]. 

r.  8.  Geol.  Surv.,  16th  Ann.  Rept.,  pt.  4,  pp.  707-721,  1895. 

A  large  falling  off  of  production  due  to  business  depression  is  recordwl. 
Total  shipments  in  1894  were  21,569,608  gallons,  with  a  valueof  $3,741,- 
846.  Statistics  of  production,  with  summaries  of  exports  and  imports, 
are  given. 

408 Three  Forks  folio,  Montana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U."  55.,  folio  no.  24,  pp.  5,  1896. 

Describes  sulphated  alkaline  saline  thermal  waters  at  Ferris  Mot 
Springs,  which  resemble  the  Carlsbad  Sprudel  Springs.  Other  hot 
springs  are  mentioned  (p.  5). 

4i)9 Mineral  waters  [1895]. 

U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  pt.  3,  cont.,  pp.  1025-1044,  1896. 

Gives  product  for  1895  as  21,46:^,543  gallons,  a  loss  of  106, ()65  gallons 
from  that  of  the  previous  year.  The  value,  however,  increased  from 
$3,741,846  to  $4,*-^^,237.  The  product  by  States  fnmi  1883  to  1895  (pp. 
1026-1031),  lists  of  commercial  springs  (pp.  1031-1040),  and  stiitistit*8  of 
imports  and  exports  (pp.  1043-1044)  are  also  given. 
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410  Peale  (Albert  C).     Mineral  waters  [1896]. 

U.  S.  Geol.  Sun\,  18th  Ann.  Rept.,  pt.  5,  cont.,  pp.  1369-1389, 1897. 

The  statistics  of  production  are  given  by  States.  The  total  sales  in 
1896  amount  to  25,795,312  gallons,  with  a  value  of  $4,136,192.  These 
figures  show  a  marked  increase  in  volume,  but  a  slight  decrease  in 
value.  Lists  of  commercial  springs  and  figures  showing  exports  and 
imports  are  presented. 

411  Mineral  waters  [1897]. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept,  pt.  6,  cont,  pp.  659-685,  1898. 

The  year  1897  showed  the  largest  number  of  springs  yet  reported, 
namely,  381.  The  production  was  23,255,911  gallons,  a  slight  decrease; 
but  the  value,  which  was  $4,599,106,  showed  an  increase  over  1896. 
Production  by  States  and  districts,  lists  of  commercial  springs,  and 
exports  and  imports  are  also  given. 

412  Mineral  waters  [1898]. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept.,  pt  6,  cont,  pp.  747-769,  1899. 

The  output  in  1898  is  given  as  28,853,464  gallons,  with  a  vahie  of 
$8,051 ,833,  a  large  increase  over  1897.  Statistics  of  production  by  States, 
exports,  imports,  and  lists  of  commercial  springs  are  given. 

413  Mineral  waters  [1899]. 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept,  pt  6,  cont,  pp.  697-622,  1900. 

(iives  the  product  for  1899  as  39,562,136  gallons,  with  a  value  of 
$6,948,030;  an  increase  of  10,708,672  gallons  and  decrease  of  $1,103,803. 
The  products  by  States  and  districts,  lists  of  commercial  springs, 
imports,  and  exports  are  given. 

414  Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1900,  pp.  899-905,  1901. 

Gives  statistics  of  production,  export  and  import,  placing  the  total 
output  as  47,558,784  gallons,  with  a  value  of  $6,245,172.  The  number  of 
springs  reporting  was  491. 

415  [ ]  Mineral  waters. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1901,  pp.  961-966,  1902. 

Gives  statistics  of  production  and  of  exports  and  imports.  The  total 
output  for  the  year  is  given  as  55,771,188  gallons,  with  a  value  of 
$7,586,962.    The  numl)er  of  springs  reporting  was  659. 

416  [ ]  Mineral  waters  [1902.]  , 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.  for  1902,  pp.  993-1002,  1904. 

Gives  product  for  1902  as  64,859,451  gallons,  with  a  value  of  $8,793,761. 
The  number  of  springs  (721),  output,  and  value  all  show  an  increase 
over  the  previous  year. 

417  [ ]  Mineral  waters  [1903.] 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.  for  1903,  pp.  1137-1162,  1904. 

The  production  of  725  springs  is  estimated  at  51,242,757  gallons, 
valued  at  $9,041,078.  The  number  of  springs  and  value  is  the  greatest 
ever  recorded.     A  list  of  the  springs  of  the  United  States  is  given. 

418  Penrose,  Jr.  (R.  A.  F.).     Mining  geology  of  the  Cripple  Creek 

district,  Colorado. 

U.  S.  Geol.  Surv.,  16th  Ann.  Rept.,  pt.  2,  pp.  111-209,  1896. 
Considers  the  part  of  underground  waters  in  ore  deposition  (p.  160). 
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419  Feppel  (S.  V.).     Gypsum  deposits  in  Ohio. 

U.  S.  Geol.  Sarv.,  Bull.  no.  223,  pp.  38-44,  1904. 
Notes  BDlphuiratted  hydrogen  in  gypeom  mines  and  bore  holes  (p.  39), 
and  gives  record  of  boring  (p.  43). 

420  Perldxis  (George  H.).    Vermont.    [Town  water  supplies,  analyses, 

and  well  and  spring  records.] 

n.  S.  Creol.  8arv.,  Water-Sapply  and  Irrigation  Paper  no.  102, 
pp.  73-93,  1904. 

Gives  tables  showing  sources  of  water  of  towns  and  cities  (pp.  73-76), 
a  large  number  of  sanitary  analyses  of  public  and  other  supplies 
(pp.  77-^1),  tables  and  notes  relating  to  wells  (pp.  83-^7),  and  to 
springs  (pp.  87-93).  The  well  data  includes  quality,  yield,  source  of 
supply,  and  records;  the  spring  data,  yield,  quality,  source  of  water, 
temperature,  and  uses. 

421  Perry  (Thomas  O.).     Experiments  with  windmills. 

U.  8.  Greol.  Snrv.,  Water-Supply  and  Irrigation  Paper  no.  20,  pp.  97, 
1899. 

A  general  description  of  experiments  resulting  in  several  improve- 
ments in  the  methods  of  raising  ground  water  by  windmills. 

422  Fhinney  (Arthur  John).    The  natural-gas  field  of  Indiana. 

U.  8.  Geol.  Surv.,  11th  Ann.  Rept.,  pt.  1,  pp.  579-742,  1891. 

Gives  a  large  number  of  boring  records,  mainly  geological.  Discusses 
the  relation  of  water  to  oil  and  gas,  noting  the  rise  of  salt  water  to  an 
average  level  of  600  feet  (pp.  654-655),  and  ascribes  the  change  of  surface 
waters  to  brines  (p.  656).  The  Trenton  limestone  is  a  great  reservoir 
for  water  under  hydrostatic  pressure  (pp.  656-663) ,  the  flow  depending 
on  porosity  (pp.  657-658).     A  table  of  water  pressures  is  given  (p.  663). 

• 

423  PirwKin  (Louis Valentine),  "Weed  (Walter  Harvey)  and.     Geology 

of  the  Oastle  Mountain  mining  district,  Montana. 
U.  8.  Geol.  8urv.,  Bull.  no.  139,  p.  104,  1896. 
8ee  Weed  (Walter  H.)  and  Pirsson  (Louis  Valentine). 

424 "Weed  (Walter  Harvey)  and.    Geology  and  mineral  resources 

of  the  Judith  Mountains  of  Montana. 
U.  8.  Geol.  Surv.,  18th  Ann.  Rept,  pt.  3,  pp.  437-616,  1897. 
See  Weed  (Walter  Harvey)  and  Pirsson  (Louis  Valentine). 

425  Pfammier  (Fred   G).    Mount    Rainier    Forest  Reserve,   Wash- 

ington. 

U.  8.  Geol.  Surv.,  2l8t  Ann.  Rept.,  pt.  5,  pp.  81-143,  1900. 
Describes  sodariron-sulphur  springs,  giving  analysis  (pp.  94-96). 

426  Forest  conditions  in  the  Cascade  Range,  Washington. 

U.  8.  Geol.  Surv.,  Prof.  Paper  no.  6,  p.  42,  1902. 

Describes  a  number  of  important  common  and  hot  soda  and  sulphur 
springs  and  gives  an  analyses  of  the  water.  Hotels  using  the  waters  for 
medicinal  and  bathing  purposes  are  located  at  Hot  Springs  and  Madison 
(pp.  37-39). 

IBB  120—05—5 
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427  Plmnmer  (Fred  G.)-  Forest  conditions  in  the  Cascade  Forest 
Reserve,  Oregon:  Central  portion  of  Cascade  Range  Forest 
Reserve. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  9,  pp.  71-146,  1903. 

Describes  Breitenbush  Hot  Springs,  Belknap  Springs,  and  other  hot 
and  sulphar  springs  used  for  bathing,  etc.  The  spring  deposits  are  also 
described  and  an  analysis  of  the  water  given  (pp.  77-78). 

428 Introduction:  Forest  conditions  in  the  San  Francisco  Moun- 
tains Forest  Reserve,  Arizona. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  22,  pp.  11-36,  1904. 
Mentions  the  sparing  occurrence  of  springs  and  the  absorption  of 
water  by  the  lava  beds  (pp.  16,  31). 

429  and  G-owseU  (M.   G.)-     Forest  conditions  in  the  Lincoln 

Forest  Reserve,  New  Mexico. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  33,  47  pp.,  1904. 
Mentions  mineral  wells  (p.  17)  and  contains  important  references  to 
common  wells  at  a  number  of  pla^. 

430  PoweU  (John  Wesley).    Report  of  the  Director  [1883-84]. 

U.  S.  Geol.  Surv.,  6th  Ann.  Kept.,  pp.  i-xxxvi,  18S5. 
Mentions  the  work  of  Dr.  A.  C.  Peale  on  the  preparation  of  a  bibli> 
ography  of  thermal  springs. 

431  Report  of  the  Director  [1885-86]:  Work  in  the  Division  of 

Mining  Statistics  and  Technology. 

U.  S.  Geol.  Surv.,  7th  Ann.  Kept.,  pp.  38-39,  1888. 

The  output  of  mineral  waters  in  1885  is  given  as  9,148,401  gallons, 
with  a  value  of  $1,312,845. 

432 Report  of  the  Director  [1886-87]. 

U.  S.  Geol.  Surv.,  8th  Ann.  Rept.,  pp.  1-93,  1889. 

Designates  the  work  of  Gooch  and  Whitfield  on  the  mineral  waters  of 
the  Yellowstone  National  PfU'k  as  ''  the  mopt  complete  study  of  mineral 
waters  of  any  locality  with  special  reference  to  their  agency  in  mineral 
formation  ever  placed  on  record  "  (p.  84).  Gives  the  product  of  mineral 
waters  for  1886  as  8,950,317  gallons,  with  a  value  of  $1,284,070  (p.  86). 

433  Report  of  the  Director  [1887-88]. 

U.  S.  Geol.  Surv.,  9th  Ann.  Rept,  pp.  1-46,  1889. 

Notes  the  progress  of  work  in  the  Yellowstone  National  Park  (p.  16), 
and  mentions  the  work  of  A.  C.  Peale  on  mineral  waters  (p.  21).  The 
product  of  mineral  waters  for  1887  is  stated  as  8,259,609  gallons,  with  a 
value  of  $1,261,473  (p.  26). 

434 Report  of  the  Director  [1888-89]. 

U.  S.  Geol.  Surv.,  10th  Ann.  Rept,  pt  1,  pp.  3-80,  1890. 

Describes  the  work  in  Yellowstone  National  Park  and  notes  changes 
and  irregularites  of  geyser  action.  The  discovery  of  the  sulphide  of 
arsenic  in  the  spring  waters  is  announced  (pp.  24-25).  The  extravasa- 
tion of  thermal  waters  in  Florida  is  mentioned  (p.  33).  The  product  of 
mineral  waters  for  1888  is  given  as  9,628,568  gallons,  with  a  value  of 
$1,709,302. 
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435  Powell  (John  Wesley.)    United  States  Irrigation  Survey,  First 

Annual  Report,  1888-^9. 
U.  8.  Geol.  Sorv.,  10th  Ann.  Rept,  pt  2,  pp.  123,  ISOa 
Describes  the  transfer  of  8ar6M»  streams  to  undeiigioimd  oourses 

(p.  26). 

436 Report  of  the  Director  [1889-90]. 

U.  S.  Geol.  8urv.»  11th  Ann.  Rept,  pt  1,  pp.  1-30,  1891. 

Gives  the  prodnct  of  mineral  waters  in  18S9  as  20,000,000  gallons,  with 
a  valne  of  $3,000,000  (p.  20).  Notes  the  discovery  of  oil  and  gas  by 
borings  suggested  by  the  escape  of  gas  from  springs  (p.  26). 

437 United  States  Irrigation  Survey,  Second  Annual  Report, 

1889-90. 

U.  S.  Geol.  Sorv.,  11th  Ann.  Rept.,  pt  2,  pp.  395,  1S91. 

Mentions  and  defines  artesian  reservoirs  and  "sand  reservoirs"  of 
nndergroond  waters  (pp.  204-205).  Notes  the  disappearance  by  absorp- 
tion of  Saginaches  River  of  the  Rio  Grande  Basin  (p.  216).  Describes 
the  basins,  water  horizons,  conditions,  and  sources  of  water  of  the 
artesian  wells  of  the  Dakotas  (pp.  257-260),  and  makes  a  prediction  that 
artesian  reservoirs  will  not  furnish  important  supplies  for  irrigation 
(p.  260).  General  artesian  conditions,  the  Denver  Basin  of  Colorado, 
the  Dubuque  wells  of  Iowa,  the  Chicago  and  Rockford  wells  of  Illinois, 
the  wells  of  Ohio  and  of  Alabama  are  also  considered  (pp.  260-262). 
Other  subjects  discussed  are  irrigation  from  wells  in  Algeirs  and  other 
foreign  countries,  and  the  Dakota  sandstone  as  a  source  of  artesian 
waters.  Lists  of  wells  in  Minnesota,  North  Dakota,  South  Dakota, 
Nebraska,  Kansas,  and  Texas  are  given  and  the  prediction  made  that 
pump  wells  will  prove  of  more  ultimate  value  than  artesian  wells. 

438 Report  of  the  Director  [1890-91]. 

U.  8.  Geol.  Surv.,  12th  Ann.  Rept,  pt  1,  pp.  1-19,  1891. 
The  output  of  mineral  waters  for  1890  is  stated  as  14,000,000  gallons, 
with  a  value  of  $2,000,000  (p.  15). 

439 Report  of  the  Director  [1891-92]. 

U.  S.  Geol.  Surv.,  13th  Ann.  Rept,  pt  1,  pp.  1-66,  1892. 

Describes  investigations  of  temperatures  in  deep  well  at  Wheeling, 
West  Vii^ginia  (p.  37),  and  mentions  work  on  underground  waters  in 
Colorado,  Florida,  Iowa,  Kansas,  Louisiana,  Montana,  New  Jersey, 
South  Dakota,  Texas,  Virginia,  and  Washington  (pp.  33-34).  The 
output  of  mineral  waters  for  1891  is  given  as  18,392,732  gallons,  with  a 
value  of  $2,996,259  (pp.  45,  51). 

440 Report  of  the  Director  [1892-93]. 

U.  8.  Geol.  Surv.,  14th  Ann.  Rept.,  pt  1,  pp.  1-165,  1893. 

Mentions  the  work  of  F.  H.  Newell  on  artesian  and  underground  waters 
in  South  Dakota,  Nebraska,  and  Kansas  (p.  20),  and  of  A.  C.  Peale  on 
thermal  and  mineral  springs  (p.  25).  The  work  of  the  Survey  on 
geysers  and  hot  springs,  and  on  temperature  observations  in  the  Wheel- 
ing deep  well  is  described  (pp.  158^159).  The  unreliability  of  under- 
flow is  pointed  out  (p.  47). 
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441  PoweU  (John  Wesley).     Report  of  the  Director  [1893-94]. 

U.  S.  Geol.  Surv.,  15th  Ann.  Rept,  pp.  1-108,  1895. 

Gives  the  prodaction  of  mineral  waters  for  1893  as  23,544,495  gallons, 
with  a  value  of  $4,246,734  (p.  72).  Contains  an  abstract  of  Bull.  no.  108, 
'^A  geological  reconnaissance  in  central  Washington,  by  Israel  C.  Bosser' 
(p.  101). 

442  Pressey,  (Henry  Albert).     Hydrography  of  the  southern  Appa- 

lachian Mountain  Region.    Part  1. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  62,  pp.  05, 
1902. 

Describes  or  mentions  springs  of  Grandfather  Mountain,  North  Caro- 
lina (p.  19),  Uolsten  River  region,  Tennessee  (p.  40),  Indian  Creek, 
Tennessee  (p.  54),  Mill  Creek,  Viirginia  (p.  68),  Hogthief  Creek,  Vir- 
ginia (p.  74),  and  Watauga  River,  Tennessee  (p.  82).  The  springs  of 
Indian  Creek  are  used  for  power  (p.  54).  An  underground  lakelet  and 
sinks  in  the  Watauga  River  region  (p.  82)  and  sinks  along  Buffalo 
Creek,  Tennessee  (p.  87),  are  mentioned. 

443  Hydrography    of    the     southern     Appalachian    Mountain 

Region.     Part  2. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  63,  pp.  190, 
1902. 

Notes  common,  hot,  and  mineral  springs,  and  sinks  of  the  French 
Broad  in  North  Carolina  and  Tennessee  (pp.  116-122)  and  describes  the 
Piedmont  mineral  springs  and  others  of  Upper  Creek,  North  Carolina 
(p.  156).  Also  refers  to  springs  of  Grandhither  Mountain,  North  Caro- 
lina (p.  158). 

444  New  York  City  folio,  New  York-New  Jersey.     Water  supply 

of  New  York  City. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  83,  pp.  17-19,  1902. 

Gives  a  history  of  the  development  of  the  public  supplies,  inclading 
descriptions  of  the  early  wells.  Mentions  the  well  supply  of  £lizabeth 
and  notes  the  occurrence  of  Htrong  wells  in  the  Newark  formation,  as  at 
Pattison.  Describes  the  ground-water  well  supplies  of  Brooklyn  and 
the  boroughs  of  Queens  and  Richmond,  and  discusses  the  availability  of 
the  ground  water  and  streams  of  Long  and  Staten  islands  as  sources  of 
additional  supplies. 

445  Frosser  (Charles  S.)  and  Beede  (J.  W.).     Cottonwood  Falls 

folio,  Kansas. 
U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  109,  pp.  6,  1904. 
Describes  springs  of  Wriford  limestone  (p.  3). 

446  Purdue  (A.  H.).     Arkansas.     [Well  and  spring  records.] 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
374-388,  1904. 

Discusses  the  general  underground  water  conditions  (pp.  374-375)  and 
gives  tables  and  notes  on  wells  (pp.  376-384)  and  springs  (pp.  385-388) . 
The  well  statistics  include  depth,  head,  yield,  quality  (including  analy- 
ses), records,  and  uses;  the  spring  data,  temperature,  quality  (including 
analyses),  yield,  source,  uses,  etc. 
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447  Poxington  (Chester  Wells).     Preliminary  report  of  the  mining 
industries  of  the  Telluride  quadrangle,  Colorado. 

U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  pt.  3,  pp.  745-850,  1897. 

DiscuaBes  the  origin  of  heated  waters  and  their  work  in  vein  formation 
(pp.  819-824),  and  considers  the  relation  of  ground- water  level  to  min- 
ing (p.  826).  Springs  depositing  iron  oxides  at  Ophir  Valley  and  in 
the  La  Plata  Mountains  are  described  (pp.  82&-827). 


448  Raborg  (William  A.).    Salt. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1886,  pp.  628-641,  1887. 
The  brines  of  the  wells  of  Michigan  and  the  springs  and  wells  of  New 
York  are  discussed. 

449  Salt. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1887,  pp.  610-625,  1888. 

The  brines  of  the  wells  of  West  Virginia  and  Ohio  and  of  the  springs 
and  wells  of  New  York  are  considered  and  analyses  given  of  the  Ohio 
waters. 

460  Salt. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1888,  pp.  597-612,  1890. 
Salt  wells  of  New  York  and  Kansas  are  listed  and  described  and  the 
composition  of  brines  discussed. 

461  Salt. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1889-1890,  pp.  483-492,  1892. 
Gives  information  pertaining  to  the  salt  wells  of  Michigan  and  New 
York. 

462  Rafter  (George  W.)    Sewage  irrigation. 

D.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  3,  pp.  100, 
1897. 

Discusses  removal  of  suspended  matter  and  bacteria  of  sewage  waters 
in  passage  downward  into  the  earth. 

463  Sewage  irrigation.     Part  2. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  22,  pp.  100, 
1899. 

Gives  mechanical  analyses  of  sands  in  relation  to  their  water-holding 
capacities  (pp.  31-:33). 

464  Water  resources  of  the  State  of  New  York.     Part  1. 

D.  S.  Greol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  24,  pp.  99, 
1899. 

Discusses  the  relation  of  character  of  rock  to  absorption  of  rainfall 
(pp.  21-22)  and  describes  big  springs  near  Morris  Run,  Wyoming 
County,  and  Canada  way  Creek,  Chautauqua  County  (pp.  93-94). 

456  Water  resources  of  the  State  of  New  York.     Part  2. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  25,  pp. 
100-200,  1899. 

Describes  leakage  from  Glen  Falls,  feeder  of  Erie  Canal,  into  lime- 
stone, amounting  to  53  per  cent  of  volume  (pp.  159-160),  and  discusses 
the  loss  of  water  by  absorption,  etc.,  from  artificial  channels  (pp.  173- 
178).  Describes  the  wells  of  Long  Island,  both  deep  and  shallow,  in- 
eluding  the  flowing  wells  of  the  Brooklyn  Water  Cbmpany  and  the 
wells  of  the  sand  areas  (pp.  191-198). 
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456  Rafter  (George  W.).    The  relation  of  rainfall  to  run-off. 

U.  S.  Greol.  Surv.,  Water-Sapply  and  Irrigation  Paper  no.  80,  pp. 
104,  1903. 

Discusses  the  variations  of  level  of  ground  water  (p.  17),  storage  of 
water  in  soils,  and  feeding  of  streams  (pp.  43-45)  and  movements  of 
underground  waters  (p.  45).  Underground  streams  or  channels  are 
noted  in  Mammoth  and  Lauray  caves,  and  near  Toyah  Creek,  Texas, 
and  in  the  upper  Mohawk  region  in  Schoharie  County,  New  York. 

457  Ransome  (Frederick  Leslie),  Turner  (H.  W.)  and.     Sonora  folio, 

California. 
U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  41,  pp.  7,  1897. 
See  Turner  (H.  W.)  and  Ransome  (F.  L.). 

458  Ranaome  (Frederick  Leslie).     Some  lava  flows  of  the  western 

slope  of  the  Sierra  Nevada,  California. 

U.  S.  Geol.  Surv.,  Bull.  no.  89,  pp.  74,  1898. 

Describes  strong  springs  from  andesitic  breccias  (p.  22). 

459 and  Tnmer  (H.  W.).     Big  trees  folio,  California. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  51,  pp.  8,  1898. 
See  Turner  (H.  W.)  and  Ransome  (F.  L.). 

460  RanBome  (Frederick  Leslie).     The  ore  deposits  of  the   Rico 

Mountains,  Colorado. 

U.  S.  Geol.  Surv.,  22d  Ann.  Rept.,  pt.  2,  pp.  229-397,  1901. 

Regards  the  ores  to  have  been  derived  from  the  rocks  by  percolating 
thermal  waters  (p.  302)  and  considers  their  deposition  in  blankets  to 
have  taken  place  when  there  was  solution  and  caving  of  the  gypsum 
beds,  etc.  (pp.  294-303). 

461  A  report  on  the  economic  geology  of  the  Silverton  quad- 

rangle, Colorado. 

U.  S.  Geol.  Surv.,  Bull.  no.  182,  pp.  266,  1901. 

Assigns  the  deposition  of  ores  to  ascending  mineralized  waters 
along  fissures  (p.  133)  and  discusses  the  descending  sulphurous  waters 
of  the  Red  Mountain  r^ion  (p.  135),  the  relation  of  ground  waters  to 
mining  (p.  141),  the  mineral  waters  of  minra  (p.  113),  and  the  femigi- 
nous  springs  of  the  region.  The  limonite  deposits  of  the  last  are 
described  and  an  analyses  of  the  waters  given  (pp.  113-114). 

462 Geology  of  the  Globe  copper  district,  Arizona. 

U.  S.  Geol.  Surv.,  Professional  Paper  no.  12,  pp.  168,  1903. 

Ascribes  origin  of  ore  to  deposition  by  ascending,  originally  meteoric, 
solutions.  Original  sulphides  were  later  enriched  by  oxidation  by 
superficial  waters  (pp.  128-132). 

463  The  geology  and  ore  deposits  of  the   Bisbee  quadrangle, 

Arizona. 

U.  S.  Geol.  Surv.,  Professional  Paper  no.  21,  pp.  168,  1904. 

Gives  a  number  of  well  sections  (pp.  74-75),  notes  trouble  with  mine 
waters  (p.  119),  and  discusses  the  relation  of  ground  water  to  oxidation 
(pp.  145-146)  and  to  ore  deposition  (pp.  134,  153-164). 


PULLER.!  RELATING  TO  UNDERQBOUND   WATEBS.  7l 

463a  Ransome  (Frederick  Leslie).     Globe  folio.     Arizona. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  Ill,  pp.  17, 1904. 

Notes  the  relation  of  andei^^roond  waters  to  ore  deposition  (p.  16),  and 
describes  the  absorption  of  streams  and  the  occurrence  of  springs  and 
wells  (p.  17). 

464 Lindgren  (Waldemar)  and.     Report  of  progress  in  the  geo- 
logical resurvey  of  the  Cripple  Creek  district,  Colorado. 

U.  S.  Geol.  Sarv.,  Bull.  no.  254,  pp.  36,  1904. 

See  Lindgren  (Waldemar)  and  Ransome  (Frederick  Leslie). 

465  Ransome  (Frederick  Leslie)  Bisbee  folio.     Arizona. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  112,  pp.  17,  1904. 

Considers  ground  \vater  and  its  relation  to  alteration  of  ores,  discusses 
the  part  of  water  in  ore  formation,  and  describes  the  artesian  waters, 
wells,  and  springs  of  the  vicinity  (pp.  16-17). 

466  Reed  (W.  M.).     Water  storage  on  Hondo  River,  New  Mexico. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept.  Reclamation  Service,  pp.  380-387, 
1904. 
Notes  importance  of  springs  and  artesian  waters  (p.  381). 

467  Richardson  (George  B.).    Indiana  folio.    Pennsylvania. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  102,  pp.  7,  1904. 
Gives  deep- well  record  (p.  2),  describes  the  occurrence  of  artesian 
waters  in  synclines  and  their  use  for  town  supplies,  etc.  (p.  7). 

468  Ries  (Heinrich).    The  clays  of  the  United  States  east  of  the  Mis- 

sissippi River. 

U.  S.  Geol.  Surv.,  Prof.  Paper  no.  11,  298  pp.,  1903. 

Gives  a  number  of  sections  of  rocks,  including  clay  shales  in  Pennsyl- 
vania, Ohio,  West  Virginia,  and  Viiginia,  some  apparently  being  based 
in  whole  or  in  part  on  borings. 

469  Rizon  (Theodore  F.),  Dodwell  (Arthur)  and.     Forest  condi- 

tions in  the  Cascade  Forest  Reserve,  Oregon;    Cascade 

Range  Forest  Reserve  between  townships  18  and  29  south. 
U.  S.  Geol.  Surv.,  Prof.  Paper  no.  9,  pp.  147-227,  1903.    See  Dodwell 
(Arthur)  and  Rixon  (Theodore  F.). 

470  Rixon  (Theodore),  Leiberg  (John  B.),  and  Dodwell  (Arthur). 

Detailed  description  [of  timber  of  townships].     Forest  con- 
ditions in  the  San  Francisco  Mountains  Forest  Reserve, 

Arizona. 
U.  S.  Geol.  Surv.,  Prof.  Paper  no.  22,  pp.  35-91,  1904. 
See  Leiberg  (John  B.),  Rixon  (Theodore),  and  Dodwell  (Arthur). 

471  Riser  (H.  C.)    The  United  States  GeoJogical  Survey;  its  origin, 

development,  organization,  and  operations. 

U.  S.  Geol.  Surv.,  Bull.  no.  227,  205  pp.,  1904. 

Notes  the  work  of  the  section  of  chemistry  on  spring  waters  (p.  51) , 
and  gives  an  account  of  the  early  work  of  the  Survey  on  underground 
waters  and  the  organization  and  present  work  of  the  division  of  hydrol- 
ogy (pp.  84-88).  Mention  is  made  of  work  in  New  York,  New  Jersey, 
Greorgia,  Louisiana,  Arkansas,  Missouri,  Minnesota,  Wisconsin,  Arizona, 
Galifomia,  and  the  Dakotas.     A  list  of  survey  publicationH  is  appended. 
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472  Robbins  (S.   B.)    KecoDDaissance  on  Musselshell  River,  [Mon- 
tana]. 

U.  S.  Geol.  Sarv.,  2d  Ana.  Bept.  Reclamation  Service,  pp.  252-254, 
1904. 

Mentions  the  occurrence  of  springs,  underflow,  and  watere  available 
for  shallow  wells  (p.  353). 

573  Robs  (D.  W.).     Investigations  in  Idaho. 

U.  S.  Geol.  Surv., Water-Supply  and  Irrigation  Paper  no.  93,  pp.  174- 
176,  1904. 

Notes  the  absorption  of  streams  by  great  lava  flows  and  the  breaking 
out  of  springs  in  canyons  (p.  174). 

474  Russell  (Israel  Cook).     Sketch  of  the  geological  history  of  Lake 

Lahontan. 

U.  S.  Geol.  Surv.,  3d  Ann.  Rept,  pp.  189-237,  1883. 

Discusses  the  theoretical  structure  of  spring  deposits  as  compared  with 
Lake  Lahonton  deposits  (p.  219). 

475  A  geological  reconnaissance  in  southern  Oregon. 

U.  S.  Geol.  Surv.,  4th  Ann.  Rept.,  pp.  431-464,  1883. 

Describes  the  association  of  hot  springs  and  faults  in  the  Stein  Moon- 
tains  at  Warner  and  Sumner  lakes,  and  in  Surprise  Valley.  Regards 
high  temperature  to  have  resulted  from  the  arrested  motion  of  oro- 
graphic blocks,  and  that  hot  springs  outside  the  volcanic  areas  may  be 
taken  as  indicating  recent  faults  (pp.  445-452). 

476  Geological  history  of  Lake  Lahontan,  a  Quaternaiy  lake  of 

northwestern  Nevada. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  11,  pp.  288,  1885. 

Discusses  recent  and  extinct  springs  at  some  length  (pp.  47-M), 
describing  hillside  and  Assure  types,  hot  springs  and  their  deposits,  tem- 
perature of  springs,  and  composition  (including  analyses).  The  occur- 
rence of  springs  on  fault  lines  is  noted  (pp.  53, 276, 279, 283)  and  springs 
in  lakes  described  (pp.  220-222).  The  chemistry  of  spring  water  and 
their  gases,  including  analyses,  is  considered  (pp.  175-178),  and  the  tufa 
deposits  mentioned  (pp.  187,  220-222).  Brines  of  wells  and  springs  are 
also  treated  (pp.  232-235). 

477  Quaternary  history  of  Mono  Valley,  California. 

U.  S.  Geol.  Surv.,  8th  Ann.  Rept.,  pt.  1,  pp.  261-394, 1889. 

Describes  the  numerous  and  copious  cold  and  warm  springs  of  the 
ordinary  and  of  the  fissure  or  fault  type,  giving  analyses.  The  sublacos- 
tral  springs  forming  strong  eddies  in  the  lake  and  building  up  tufa  cones 
are  of  special  interest.  In  general  the  waters  are  pure  and  deposits  are 
not  now  forming.  One  spring  is  frequently  sufficient  to  irrigate  several 
acres.  The  hot  springs  are  taken  to  indicate  that  the  volcanic  energy 
which  resulted  in  the  extrusion  of  the  Mono  craters  is  not  yet  entirely 
dissipated  (pp.  285,  287,  292,  373). 

478  Subaerial  decay  of  rocks  and'  origin  of  the  red  color  of  cer- 

tain formations. 

U.  S.  Geol.  Surv.,  Bull.  no.  52,  pp.  65,  1889. 

The  hard  and  brai^kish  quality  of  w^ater  in  wells  near  trap  dikes  is 
noted  (p.  17)  and  the  action  of  i>er(*olating  waters  in  the  decay  of  rooks 
considered  (p.  30). 
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479  RoBsell  (Israel  Cook).    Correlation  papers.    The  Newark  system. 

U.  S.  Geol.  Sarv.,  Ball.  no.  85,  pp.  344,  1892. 

Gives  shaft  and  boring  sections  at  Carbon  Hill  and  Midlothian,  Vii^ 
ginia  (p.  39). 

480 A  geolo^cal  reconnoissance  in  central  Washington. 

U.  8.  Geol.  Surv.,  Ball.  no.  108,  pp.  108,  1893. 

The  investigation  was  undertaken  to  determine  the  prospects  for  arte- 
sian waters.  The  paper  describes  the  existing  wells  and  the  stratigraphy, 
structare,  etc.,  affecting  artesian  prospects.  The  lavas  beneath  the  clays 
are  tilted  and  broken,  and  broad  basins  are  impossible,  although  local 
basins  in  or  above  the  basalt  are  described.  The  water  beds  are  also 
tapped  occasionally  by  drainage.  Among  the  topics  considered  are  flow- 
ing and  deep  wells  (pp.  13,  39,  44),  well  sections  (p.  56),  fissures  and 
faults  in  relation  to  springs  and  artesian  wells  (pp.  35,  40,  59),  principles 
of  artesian  water  (pp.  32-36),  artesian  prospects  (pp.  39,  50,  63,  66), 
putrebction  by  percolating  waters  (p.  47),  location  of  test  wells  (p.  50), 
artesian  water  of  Moxee  Valley  and  its  source  (pp.  53-60),  temperature 
of  waters  (p.  59) ,  and  waters  of  the  John  Day  beds  (p.  36). 

481  A  reconnoissance  in  southeastern  Washington. 

U.  8.  Greol.  8urv.,  Water-Supply  and  Irrigation  Paper  no.  4,  pp.  96, 1897. 

Discusses  artesian  principles  (pp.  75-78)  and  local  conditions  (pp.  70, 
78),  and  describes  wells  in  basalt  (pp.  49,  79-83),  alluvium  (p.  85),  and 
the  infiltration  works  at  Walla  Walla  (p.  86).  Concludes  that  the  arte- 
sian area  in  Palouse  region  may  be  extended  westward,  but  that  success- 
ful wells  are  not  likely  in  the  uplands  south  of  Snake  River,  and  pros- 
pects are  doubtful  in  the  canyons.  The  conditiono  in  the  valley  of  the 
Walla  Walla,  however,  are  more  favorable. 

482 Water  resources  of  a  portion  of  southeastern  Idaho. 

U.S. Geol. Surv., 22d  Ann.  Kept.,  pt.  4,  pp. 421-430,  1901. 

Describes  the  physical  characters  of  the  r^on  and  notes  the  occur- 
rence of  large  springs  (p.  427).  Discusses  the  occurrence  of  artesian 
waters  between  or  beneath  the  deformed  lava  beds  of  the  Snake  River 
region  (pp.  428-430). 

488  Geology  and  water  resources  of  Nez  Perce  County,  Idaho. 

Parti. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  53,  pp.  85, 1901. 

This  paper  is  devoted  mainly  to  the  discussion  of  topography,  geology, 
and  soils.  Wells  are  described  on  pages  15,  36,  and  38,  and  springs  on 
pages  20,  27,  33,  36,  38,  39,  80,  and  81.  The  water  capacity  of  the  lava 
(p.  32)  and  the  water  sheets  are  mentioned  in  connection  with  the 
descriptions  of  the  geologic  formations,  and  the  artesian  areas  are 
defined  (pp.  35, 40-42).    Solution  basins  are  mentioned  (pp.  83-84). 

484  Geology  and  water  resources  of  Nez  Perce  County,  Idaho. 

Part  2. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  54,  pp. 
54-141,  1901. 

Among  the  topics  discussed  are  springs  (pp.  96-97) ,  horizontal  wells 
(pp.  98-101),  artesian  well  principles  (pp.  101-104),  artesian  basins 
(pp.  104-115),  methods  of  well  construction  (pp.  109-110,  115-119), 
bibliography  of  artesian  waters  (pp.  130-131),  temperatures  (pp.  106, 
109),  and  regulation  of  flow  (pp.  118-119). 
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485  Russell  (Israel  Cook).     Geology  and  water  resources  of  the  Snake 

River  plains  of  Idaho. 

U.  S.  Geol.  Surv.,  Bull.  no.  Id9,  pp.  192,  1902. 

In  addition  to  the  geology  the  following  topics  are  considered:  (1) 
Springs,  including  spring  conditions  as  represented  by  hillside,  canyon, 
fissure,  and  cavern  types  (pp.  149-152,  162-171),  together  with  their 
temperature  and  relation  to  geology  (pp.  152-154);  (2)  artesian  condi- 
tions (pp.  156-S);  (3)  surface,  rock,  and  artesian  wells,  including  reconis 
and  temperature  (pp.  173-178),  imperfections  of  casing,  etc.  (p.  178); 
(4)  The  Lewis  artesian  basin  (p.  178);  (5)  the  Shoshone  artesian  sloi>e 
(p.  180);  (6)  the  flowing  wells  of  the  alluvium  (p.  181);  and  the 
probable  conditions  beneath  the  eastern  portion  of  the  plains  (p.  183). 
The  full  water  supply  is  not  yet  developed,  the  streams  not  all  being 
utilized.  Wells  are  advised  in  Lewis  and  Shoshone  basins  and  at 
*'Hagerman  bend,''  but  great  care  should  be  taken  to  properly  test 
each  stratum  and  to  see  that  the  wells  are  properly  cased  (p.  184-185). 

486  Preliminary  report  on  artesian  basins  of  southwestern  Idaho 

and  southeastern  Oregon. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  78,  pp.  53, 
1903. 

Discusses  briefly  the  essential  conditions  (pp.  10-14)  and  sur&ce  indi- 
cations (pp.  14-15)  of  artesian  flows,  and  gives  detailed  descriptions  of 
the  wells  and  springs  of  the  Lewis,  Otis,  Harney,  and  Whitehouse  basins 
(pp.  24-44),  and  of  wells  in  alluvium  (pp.  44-46).  The  geology  of  the 
region  (pp.  16-24),  the  proper  size  and  casing  of  wells  (pp.  45-47),  and 
existing  and  proposed  laws  are  also  considered  (pp.  47-49),  and  a  bibli- 
ography of  important  papers  on  undeiiground  waters  given  (pp.  50-51). 

487 Notes  on  the  geology  of  southwestern  Idaho  and  southeast- 
ern Oregon. 

U.  8.  Geol.  Surv.,  Bull.  no.  217,  pp.  83,  1903. 

Describes  common  and  hot  springs  and  artesian  wells,  the  waters  of 
which  are  used  for  irrigation,  baths,  and  heating  purposes  (pp.  23-24). 
The  Lewis,  Otis,  Harney,  and  Whitehouse  artesian  basins  are  discussed, 
and  their  wells,  prospects,  and  the  relation  of  the  water  to  petrology 
considered  (pp.  25,69-79). 

488  Preliminary  report  on  artesian  basins  in  southwestern  Idaho 

and  southeastern  Oregon. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  78,  pp.  53, 
1903. 

The  springs  and  wells,  including  the  volume,  temperature,  and  use  of 
well  water  for  irrigation  are  considered  for  the  I^ewis,  Otis,  Harney,  and 
Whitehouse  artesian  basins  (pp.  24-44).  Special  subjects  discussed  are 
artesian  conditions  (pp.  10-14),  surface  indications  of  wat«r  (pp.  14-15), 
geology  of  supplies  (pp.  16-24),  artesian  wells  in  alluvium  (pp.  44-45), 
well  construction  (pp.  45-46),  necessity  of  records  (pp.  46-47),  needed 
laws  (pp.  47^9),  and  literature  relating  to  underground  waters 
(pp.  50-61). 
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489  RnsseU  (W.  G.).     Investigations  in  Kansas. 

U.  S.  Geol.  Suit.,  2d  Ann.  Kept.  Reclamation  Service,  1902-3,  pp.  326, 
1904. 

Describee  two  artesian  wells  at  Meade,  Kansas  (p.  1327),  and  mentions 
springs  in  Cimarron  River  Valley. 

S. 

490  Salisbury  (R.  D.)  Chamberlin  (T.  C.)  and.     Preliminary  paper 

on  the  Driftless  Area  of  the  upper  Mississippi  Valley. 

U.  S.  Geol.  Surv.,  6th  Ann.  Kept.,  pp.  199-322,  1885. 
See  Chamberiin  (T.  C.)  and  Salisbury  (R.  D.). 

491.  Schmeckebier  (L.  F.).    Catalogue  and  index  of  the  publications 

of  the  Ha^'den,  King,  Powell,  and  Wheeler  Surveys. 

U.  S.  GeoL  Sun\,  Bull.  no.  222,  pp.  208,  1904. 

The  subject  index  includes  entries  of  water  analyses,  artesian  waters, 
artesian  wells,  springs,  and  other  subjects  relating  t4)  underground  waters. 

492.  Shaler  (Nathaniel  S.).     Report  on    the  geology   of   Marthas 

Vineyard. 

U.  S.  Geol.  Surv.,  7th  Ann.  Rept.,  pp.  297-363,  1888. 

Mentions  sulphur  and  chalybeate  springs  in  the  Tertiary  clays  at  Gay 
Head  and  estimates  that  a  flow  of  several  thousand  gallons  per  minute 
could  be  developed  by  proper  methods. 

493  The  geology  of  Nantucket. 

U.  S.  Geol.  Surv.,  Bull.  no.  53,  pp.  55,  1889. 

Mentions  the  springs  near  Pol  pis  Harbor  (p.  17 )  and  notes  the  absorp- 
tion of  water  by  the  gravels  (pp.  14,  17,  19). 

494  The  origin  and  nature  of  soils. 

V.  S.  Geol.  Surv.,  12th  Ann.  Rept.,  pt.  1,  pp.  213-345,  1891. 

Among  the  points  discussed  are:  Relations  of  ground- water  to  soils 
(pp.  254-255),  formation  of  caverns  (p.  256),  hot  spring  conditions  (p. 
258),  rise  of  water  by  capillarity  (p.  259),  chemical  character  of  ground 
water  (pp.  260,  294),  effect  of  variations  of  water  level  on  soils  (pp.  261, 
341),  crusts  formed  by  the  evaporation  of  ground  water  (p.  307),  and 
contamination  of  well  supplies  (pp.  342). 

495  The  glacial  brick  clays  of  Rhode  Island  and  southeastern 

^lassachusetts:  Origin  and  character  of  the  clays. 

U.  S.  Geol.  Surv.,  17th  Ann.  Rept,  pt.  1,  pp.  957-974,  1896. 

Describes  the  mud  springs  or  mud  volcanoes  in  the  clays  and  ascribes 
them  to  the  escape  of  gases  arising  from  the  decay  of  buried  vegetable 
matter  (p.  971). 

496  Geology  of  the  Cape  Cod  district. 

U.  S.  Geol.  Surv.,  18th  Ann  Rept,  pt  2,  pp.  497-593,  1897. 

31entions  or  describes  the  springs  near  Woods  Holl,  and  the  wells  of 
the  out  wash  plains,  especially  those  at  Barnstable  and  Harwich  (pp. 
529^34). 
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497  Shepard  (Edward  M.).    Missouri.    [Wells  and  spring  records.] 

U.  8  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  102,  pp. 
389-440,  1904. 

Considers  briefly  the  general  underground  water  conditions  (p.  389) 
and  gives  tables  and  notes  on  wells  (pp.  390-416)  and  springs  (pp.  416-440) . 
The  well  data  include  depth,  head,  source,  temperature,  yield,  quality 
(including  analyses),  records  and  uses;  the  spring  data,  temperature, 
quality  (including  analyses),  yield,  source,  uses,  etc. 

498  Shrader  (Frank  C).    A  reconnaissance  of  a  part  of  Prince  Wil- 

liam Sound  and  the  Copper  River  district,  Alaska,  in  1898. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept.,  pt  7,  pp.  341-423,  1899. 

Describes  the  oci^urrence  at  a  Prince  William  Sound  village  of  a  spring 
containine;  sulphides  of  iron,  cobalt,  and  possibly  lead  in  solution,  which 
caused  much  sickness  and  death  and  finally  led  to  the  removal  of  the 
village. 

499  Slichter  (Charles  S.).    Theoretical  investigation  of  the  motion  of 

ground  waters. 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept.,  pt.  2,  pp.  295-384,  1897. 

This  paper  is  a  technical  discussion  of  the  movements  of  ground  water, 
including  general  laws  (pp.  329-333),  laws  of  rectilinear  flow  through 
soil  (pp.  305-323),  motion  in  horizontal  planes  (pp.  333-^344),  motion 
in  vertical  planes  (pp.  351-358),  and  flow  and  interierence  of  artesian 
wells  in  groups  (pp.  358-380).  A  number  of  valuable  tables  and  a  bib- 
liography are  given. 

500 The  motions  of  underground  waters. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  67,  pp.  106, 
1902. 

The  paper  is  a  theoretical  discussion,  accompanied  by  records  of 
experiments  and  tables.  The  following  topics  are  considered:  Amount 
of  underground  waters  (pp.  13-15),  permeability  and  porosity  of  rocks 
{pp.  15-17),  cause  and  method  of  determining  flow  (pp.  17-30),  under- 
ground drainage  basins  and  shape  of  water  table  (pp.  31^38),  chlorine 
method  of  measuring  rate  of  underflow  (pp.  46-48),  electrical  apparatus 
for  determining  underflow  (pp.  48-51),  deep  water  bearing  zones,  includ- 
ing Dakota  and  Potsdam  horizons  (pp.  52-60),  recovery  of  water  by 
wells  and  springs  with  discussions  of  contamination,  variation  of  supply 
and  of  water  table  (pp.  61-73),  use  of  collecting  galleries  and  subsurface 
dams  (pp.  73-78),  and  the  capacity,  measurement  of  flow,  interference, 
and  failure  of  artesian  wells,  with  descriptions  of  the  wells  at  Savannah, 
Georgia  (pp.  79-102). 

501  Smith  (Eugene  A.)  and  Johnson  (Lawrence  C.)*  Tertiary  and 
Cretaceous  strata  of  the  Tuscaloosa,  Tombigbee,  and  Ala- 
bama rivers. 

U.  S.  Geol.  Surv.,  Bull.  no.  43,  pp.  189,  1887. 

Mentions  or  describes  artesian  borings  at  Bladen  Springs,  Alabama 
(pp.  17,67),  Livingston,  Alabama  (pp.  18,84),  and  at  Meridian,  MisBis- 
sippi  (p.  17). 
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bi>2  Smjtli  (Eugene  A.).    Alabama.    [Well  records.] 

U.  S.  Geol.  Sarv.,  Water  Supply  and  Irri|(ation  Paper  no.  102,  pp. 
276-331,  1904. 

Considera  briefly  the  general  underground  water  conditions  and  gives 
a  large  amount  of  well  data,  including  records,  source,  head,  yield,  tem- 
perature, quality,  analyses,  usee,  etc. 

5<)3  Bmith  (George  Otis),  Toii^er  (George  Warren)  and.     Geology  and 

mining  industry  of  the  Tintic  district,  Utah. 

See  Tower  (George  Warren)  and  Smith  (Geoige  Otis). 

5(4  Smith  (George  Otis).    Tintic  Special  folio,  Utah.    Geography 

and  geology. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  65,  pp.  1-4,  1900. 

Notes  the  occurrence  of  springs  and  the  underflow  supplies  of  the 
mines  and  mills  (p.  1). 

505 Geology  and  water  resources  of  a  portion  of  Yakima  County, 

Washington. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Paper  no.  55,  pp.  68, 
1901. 

Gives  detailed  discussions  of  geology  and  geography  (pp.  12-25)  and 
consideis  the  Atanum-Moxee,  Wenas-Selah,  Rye  Grass  Flat,  Coweche 
Valley,  and  other  artesian  basins  in  more  or  less  detail  (pp.  40-48). 
The  source  (pp.  55-56)  and  conditions  (pp.  37-39)  of  ground  and 
artesian  waters,  their  use  for  irrigation  (pp.  53-54),  the  transfer  move- 
ment between  basins  (p.  57),  temperature  fpp.  58-62),  permanency  of 
supply  (p.  62),  decrease  of  pressure  (pp.  62-63),  precautions  to  be 
observed  (p.  63),  and  the  occurrence  of  springs  (pp.  43,  63)  are  also 
considered. 

506 EUensburg  folio,  Washington. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  86,  pp.  7,  1903. 

Discusses  essential  artesian  conditions  and  describes  the  Atanum, 
Wide  Hollow,  and  Moxee  Valley  artesian  basins.  Good  but  not 
unlimited  supplies  can  probably  be  obtained.  The  deep  wells,  some  of 
which  are  thermal,  and  the  shallow  wells,  supplied  by  underflow  from  the 
streams,  are  considered,  as  is  also  the  occurrence  of  springs  throughout 
the  quadrangle  (pp.  6-7). 

5<J7 Mount  Stuart  folio,  Washington. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  106,  10  pp.,  1904. 
Discusses  the  occurrence  of  ground  water  and  springs  (10.  p) . 

508  Smith  (H.  L.),  ClementB  (J.  M.),  and.     Crystal  Falls  iron- 

bearing  district  of  Michigan. 

See  aements  (J.  M.),  and  Smith  (H.  L.) 

509  Smith  (William  Sidney  Tangier).     A  geological  sketch  of  San 

Clemente  Island,  California. 

U.  S.  Geol.  Surv.,  18th  Ann.  Kept,  pt.  2,  pp.  459-496,  1897. 
Notes  the  occurrence  of  alkaline  springs  and  mentions  the  penetration 
of  sea  water  into  wells  (p.  465). 
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510  Smith  (William  Sidney  Tangier).     Lead  and  zinc  deposits  of  the 

Joplin  district,  Missouri-Kansas. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  197-204,  1903. 

Discusses  the  relation  of  the  occurrence  of  ores  to  ground-water  level 
and  the  part  played  by  underground  waters  in  ore  deposition  (pp.  200- 
203). 

511  Lead,  zinc,  and  fluorspar  deposits  of  western  Kentucky:  The 

veins  and  vein  minerals. 
U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  210-213,  1903. 
Notes  the  relation  of  ground  water  to  the  ores. 

512  Hartville  folio,  Wyoming. 

U.  S^  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  91,  p.  6,  1903. 
Considers  briefly  the  prospects  for  artesian  wells  (p.  1). 

513  Darton   (N.    H.)   and.     Edgemont    folio,    South    Dakota- 

Nebraska. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  108,  pp.  10,  1904. 
See  Darton  (N.  H.)  and  Smith  (W.  S.  Tangier). 

514  Smith  (William  Sidney  Tangier).     Wells  of  Joplin  [Missouri] 

and  vicinity. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
404-408,  1904. 

Gives  records  and  analyses  of  waters. 

515  Smyth  (Henry  Lloyd).     The  Marquette  iron-bearing  district  of 

Michigan:  The  Republic  trough. 

U.S.  Geol.  Surv.,  Mon.,  vol.  28,  pp.  525-553,  1897. 
Ores  are  considered  to  be  in  part  original  and  in  part  concentrated  from 
carbonates  by  circulating  waters  with  removal  of  silica  (pp.  551-553). 

516  Spencer  (Arthur  Coe).     Geology  of  the  Rico  Mountains,  Colo- 

rado: Erosion  of  Rico  Dome  and  recent  geological  histor\'. 

U.S.  Geol. Surv.,  21st  Ann.  Rept,  pt.  2,  pp.  152-165,  1900. 
Describes  calcareous  and  ferruginous  spring  deposits  and  the  occur- 
rence of  carbon  dioxide  and  hydrogen  sulphide  gases  (pp.  163-165). 

517 The  copper  deposits  of  the  Encampment  district,  Wyoming. 

U.S.  Geol.  Surv.,  Prof.  Paper  no.  25,  pp.  107,  1904. 

Discusses  the  o(!currence  of  ground  waters  in  the  mining  district  (pp. 
44-45)  and  their  relation  to  nietamorphism  (p.  36)  and  to  ore  deposition 
(pp.  44,  58-60,69-70,80-82). 

518  Spiirr  (Josiah  Edward).     Economic  geology  of  the  Mercur  mining 
district,  Utah. 

U.S. Geol.  Surv.,  16th  Ann.  Rept.,  pt.  2,  pp.  343-455,  1896. 
Discusses  agency  of  hot  waters  and  fumerolic  gases  in  ore  deposition 
(pp. 449-453,  etc.). 
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519  Spnrr  (Josiah  Edward).     Geology  of  the  Aspen  mining  district, 
Colorado,  with  atlas. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  31,  260  pp.  1898. 

Describes  the  solution  and  alteration  of  dolomites,  etc. ,  especially  the 
Weber  limestone,  by  percolating  waters  (pp.  24, 30-31)  and  discusses 
the  action  of  ground  water  in  the  processes  of  dolomitization,  silicifica- 
tion,  and  ferration  (pp.  208-223).  Ore  deposition  is  ascribed  to  ascend- 
ing heated  waters  ( p.  232 ) .     An  analysis  of  spring  water  is  given  ( p.  213. ) 

520 Ore  deposits  of  Monte  Cristo,  Utah. 

U.  S.  Geol.  Surv.,  22d  Ann.  Kept.,  pt.  2,  pp.  777-865,  1901. 

Ascribes  the  ore  deposition  to  circulating  underground  waters  (p.  835), 
and  describes  the  relation  of  ground- water  level  to  ores  (pp.  858-869). 
Many  incidental  references  to  the  character  of  the  solutions  are  given. 

521  Ore  deposits  of  Tonopah  and  neighboring  districts,  Nevada. 

U.  8.  Geol.  Surv.,  Bull.  No.  213,  pp.  81-87,  1903. 
Describes  hot  springs  near  Silver  Peak  (p.  86). 

522 Preliminary  report  on  the  ore  deposits  of  Tonapah,  Nevada. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  89-110,  1904. 

Discusses  relation  of  ore  deposits  to  hot-spring  action  (p.  99),  and 
notes  the  action  of  circulating  ground  waters  on  cementation  (p.  105) 
and  oxydation  (p.  106). 

523  Stockton  (Fred).     Timbered  areas  and  water  supply  on  head- 

waters of  Henry  Fork  and  Fall  River  [Idaho]. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept.  Reclamation  Service,  1902-3,  pp. 
291-295,  1904. 

Describes  character  of  springs  of  the  district  (p.  295). 

524  Stone  (George  H.).     The  glacial  gravels  of  Maine  and  their  asso- 

ciated deposits. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  34,  499  pp.,  1899. 

Discusses  the  transportation  and  erosion  of  fine  material  by  subter- 
ranean streams  and  springs,  the  development  of  *' gravel  in  till,''  and 
the  erosion  about  springs  (pp.  18-20).  The  method  of  erosion  about 
springs  is  considered  (pp.  64-67),  and  its  importance  in  the  develop- 
ment of  valleys  noted.  The  effect  on  ice  sheets  of  springs  beneath  their 
base  is  discussed  (pp.  305,  307). 

525  Stone  (Ralph  W.).    Oil  and  gas  fields  of  eastern  Greene  County, 

Pennsylvania. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  39^-412,  1904. 
Discusses  relation  of  water,  oil,  and  gas   (p.  407),  and  notes  the 
occurrences  of  salt  water  in  wells  (pp.  410-412). 

526  StoxTB  (H.  A.).     Electrical  transmission  of  power  for  pumping. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  93,  pp.  237- 
240,  1904. 
Points  out  use  of  electric  power  for  pumping  from  welU  (p.  237). 
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627  Storrs  (H.  A.).    Power  development. 

U.  S.  Geol.  Sarv.,  Water-Supplyand  Irrigation  Paper  no.  93,  pp.  311- 
314,  1904. 

Oonsiders  ground  water  as  a  source  of  water  for  pumping  for  irriga- 
tion (pp.  313-314). 

528  Stout  (O.  V.  P.).     Ground  water  at  Kearney,  Nebraska. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Kept,  pt  4,  pp.  216-217,  1900. 

Discusses  the  peculiar  variations  of  the  wells,  considering  the  influence 
of  temperature,  river  level,  direction  of  wind,  barometric  presBure,  etc. 
No  satisfactory  explanation  has  been  found  for  certain  of  the  variationa 

529  Reclamation  and  water  storage  in  Nebraska. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  93,  pp.  276- 
284,  1904. 

Notes  the  extensive  absorption  of  rain  water  in  the  sand-hill  region  of 
the  North  Platte  (p.  283). 

530  StratheiB  (Joseph).     Salt  [1901]. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1901,  pp.  86^-866,  1902. 
Gives  production  of  salt  from  wells,  springs,  and  other  sources  for  the 
year  1901. 

531  Bromine  [1901]. 

IT.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  1901,  pp.  867-868,  1902. 
Gives  production  of  bromine  as  a  by-product  of  brines,  etc.,  for  the 
year  1901. 

532 Bromine. 

U.  S.  Geol.  Surv.,  Min.  Res.  of  U.  S.,  for  1902,  pp.  897-898,  1904. 
Describes  briefly  the  occurrence  of  brines  in  Michigan. 

533  SudiMrorth  (George  B.).      Stanislaus    and  Lake   Tahoe  Foi-est 

Reserves,  California  and  adjacent  territory. 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept.,  pt  5,  pp.  499-561,  1900. 

The  failure  of  springs  and  wells  at  certain  times  is  mentioned  (p.  608) . 

534  S'wendsen  (G.  L.).     Investigations  in  Utah. 

U.  S.  Geol.  Surv.,  2d  Ann.  Rept.,  Reclamation  Service,  1902-3,  pp. 
450-486,  1904. 
Mentions  the  occurrence  of  big  springs  in  body  of  Bear  Lake  (p.  476) . 

T. 

535  Taylor  (Thomas  U.).    The  Austin  dam. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  40,  pp.  52, 
1900. 

Notes  the  passage  of  a  stream  of  water  through  the  limestone  beneath 
the  dam,  and  quotes  R.  T.  Hill  on  the  local  geology,  including  the  occur- 
rence of  limestone  cavities  and  the  passage  of  water  along  the  fault 
beneath  the  dam. 
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536  Taylor  (Thomas  U.).    Irrigation  systems  of  Texas. 

U.  8.  Geol.  8urv.,  Water-Supply  and  Irrigation  Paper  no.  71,  pp.  137, 
1902. 

This  paper  gives  detailed  deecriptions  of  the  Trans-Pecoe,  Peco6, 
Edwards  Plateaa,  San  Antonio,  Nueces,  Leona,  Rio  Grande  and  Colo- 
rado irrigation  systems,  with  special  attention  to  the  systems  used  in 
the  irrigation  of  rice.  In  connection  with  the  discussion  many  laige 
springs  and  deep- flowing  and  nonflowing  wells  are  mentioned  and 
described,  especially  those  near  San  Antonio.  Among  the  laige  springs 
are  Tayah(p.l5),San  Pedro(p.  19), Santa  Rosa  (p.  19), San  Saba  (p.30), 
Gonnel  (p.  40),  and  the  springs  of  Big  Bend  River  (pp.  19-21),  Pecos 
Valley  (p.  21),  Edwards  Plateau  (p.  25),  Del  Rio  (p.  25),  CienagaBand 
Mod  creeks  (p.  27),  Las  Moras  Creek  (p.  29),  Upper  Nueces  (p.  42), 
Kerr  County  (p.  42),  Bailey  Creek  (p.  46),  Kyac  Creek  (p.  46),  South 
Llano  River  (p.  48),  and  vicinity  of  San  Antonio  (p.  52). 

537 The  water  powers  of  Texas. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  105,  pp.  116, 
1904. 

Considers  the  artesian  wells  at  San  Antonio  (pp.  23-25)  and  describes 
in  some  detail  with  illustrations  the  numerous  large  springs  giving  rise 
to  the  streams.  Their  use  for  irrigation  and  power  is  also  considered 
and  measurements  of  flow  given. 

538  Todd  (James  Edward).    The  moraines  of  the  Missouri  Coteau  and 
their  attendant  deposits. 

U.  S.  Geol.  Surv.,  Bull.  no.  144,  pp.  71,  1896. 

Notes  the  valuable  springs  of  the  Koto  Hills  (p.  20),  and  the  spring 
and  traverture  deposits  of  the  Pierre  formation  (p.  56).  A  number  of 
well  records,  mainly  shallow,  are  given  (pp.  5S-61). 

539 The  moraines  of  southeastern  South  Dakota  and  their  attend- 
ant deposits. 

U.  S.  GeoL  Surv.,  Bull.  no.  158,  pp.  171,  1899. 

Describes  copious  springs  of  Jerauld  County  and  considers  the  source 
of  the  water,  the  effect  of  decomposing  pyrite  on  its  character,  and  its 
association  with  landslides  (pp.  19-21).  The  flowing  wells  from  the 
gravels  near  Diana  and  Forrestbuig  and  from  the  Dakota  formation  are 
discussed  (p.  125).  A  considerable  number  of  well  records,  mainly 
shallow,  are  given  (pp.  49-^1,  73, 74, 120). 

540 Geology  and  water  resources  of  a  portion  of  southeastern 

South  Dakota. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  34,  pp.  34, 
1900. 

Gives  a  map  showing  depth  of  artesian  water  and  describes  the  waters 
from  the  stream  deposits,  drift,  and  Dakota  sandstone.  The  pressure 
and  variations  of  wells  through  interference,  barometric  pressure,  differ- 
ence in  depths  of  supplies,  leakage,  etc.,  are  considered  and  hints  relat- 
ing to  well  construction  and  the  securing  of  permanent  supplies  are 
given  (pp.  26-31).    A  number  of  springs  are  noted  (pp.  23, 24, 26) . 
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541  Todd  (James  Edward).    Olivet  folio,  South  Dakota. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  96,  1903. 

Gives  a  number  of  well  sections  (pp.  1-2)  and  considers  sarface 
waters,  springs,  and  underground  waters,  including  waters  of  the  drift 
(pp.  4-5).  The  artesian  supplies  of  the  Niobrara  and  Dakota  forma, 
tions,  artesian  pressure  and  its  fluctuation,  variations  due  to  temperature, 
barometric  pressure,  and  leakage,  amount  of  flow,  future  prospects,  and 
methods  of  well  construction  are  also  treated  (pp.  5-6).  Maps  showing 
depths  of  drift,  flowing  areas  of  Pleistocene  formations,  areas  of  flowing 
and  nonflowing  rock  wells,  contours  of  water  surface,  etc.,  are  given. 

642  Parker  folio,  South  Dakota. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  97,  pp.  6,  1903. 

Gives  well  sections  (pp.  1-2).  Describes  surface  waters,  including 
streams,  springs,  and  lakes  (p.  4),  and  subterranean  waters  (pp.  4-5). 
Under  the  latter  heading  shallow  wells,  tubular  wells,  wells  of  the  drift 
and  Dakota  sandstone,  and  supplies  of  Dakota  waters,  including  flow, 
quality,  pressure,  and  decline  are  considered.  A  map  showing  depths 
of  the  drift  and  a  map  giving  areas  of  Pleistocene  flows,  of  areas  of  flow- 
ing and  nonflowing  Dakota  water,  and  contours  of  water  surface  are 
included. 

543  Mitchell  folio,  South  Dakota. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  99,  pp.  7,  1903. 

Gives  several  well  sections  (pp.  2-3)  and  describes  surface  and  under- 
ground waters,  including  those  reached  by  shallow  and  tubular  wells. 
The  amount,  quality,  pressure,  and  decline  of  artesian  water  is  con- 
sidered, and  maps  show^ing  depths  of  drift,  depths  of  Sioux  quartzite, 
areas  of  flows  from  the  drift  and  from  Benton  and  Dakota  formations, 
and  contours  of  the  Sioux  quartzite  and  of  artesian  head  are  given. 

544 and  Hall  (C.  M.).     Alexandria  folio.  South  Dakota. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  100,  pp.  6,  1903. 

Gives  artesian  well  sections  (p.  2).  Considers  surface  waters,  streams, 
springs,  shallow  and  tubular  wells,  wells  of  Benton  and  Dakota  forma- 
tions, and  flow,  quality,  and  pressure  of  the  waters  (pp.  4-6).  A  drift 
map  giving  data  in  regard  to  shallow  wells,  a  map  showing  depths  to  the 
Sioux  quartzite,  and  a  map  showing  Pleistocene,  Benton,  and  Dakota 
areas  of  flowing  wells,  of  Dakota  pumping  wells,  and  contours  showing 
head  of  water  are  also  given. 

545  and  Hall  (C.  M.).     Geology  and  water  resources  of  part  of 

the  lower  James  River  Valley,  South  Dakota. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  90,  pp.  47, 
1904. 

Describes  the  Dakota  (pp.  14-18),  Benton  (pp.  18-19),  and  Niobrara 
(p.  20)  water  horizons,  and  gives  a  large  number  of  well  and  other 
records  (pp.  11,  15-17,  pis.  8-21).  Springs  (pp.  35-36),  shallow  and 
pump  wells  (pp.  36-39),  flowing  wells  (pp.  39-43),  decline  in  preflsure 
(pp.  42-43),  and  waste  of  water  (p.  43),  are  discmssed.  Maps  showing 
the  geology,  depth  of  Dakota  sandstone,  depth  of  drift,  bed-rock  con- 
tours, and  of  flowing  and  nonflowing  areas  accompany  the  paper. 
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546  Todd  (James  E.).     Well  records  in  Lyon  County,  Minnesota. 

U.  8.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  p.  481, 
1904. 
Gives  table  of  reoorda,  inclnding  depth,  head,  quality,  and  3rield. 

547 Huron  folio,  South  Dakota. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  113,  pp.  6,  1904. 

Discasses  occurrence  of  underground  waters,  springs,  and  shallow, 
tubular,  and  artesian  wells  (pp.  4-5).  Waters  are  obtained  from  the 
drift,  Pierre  clay,  and  Benton  and  Dakota  sandstones.  A  section  show- 
ing the  occurrence  of  artesian  waters,  sketch  maps  showing  thickness  of 
drift  and  depth  of  Sioux  quartzite,  and  an  artesian  water-map  showing 
flowing  Dakota  and  drift  areas,  and  the  contours  of  the  Sioux  quartzite 
or  of  the  granite  are  given. 

548   Toiler   (George    Warren),   Emmoiis  (Samuel  Franklin)  and. 

Butte  special  folio,  Montana. 
See  Emmons  (Samuel  Franklin)  and  Tower  (Geoige  Warren). 

549 and  Smith  (George  Otis).     Geology  and  mining  industry  of 

the  Tintic  district,  Utah. 

U.  8.  Geol.  Surv.,  19th  Ann.  Kept,  pt  3,  pp.  601-767,  1898. 

Considers  the  springs  of  the  district,  the  relation  of  the  mines  to 
ground  water,  and  the  water  supply  furnished  by  wells  in  alluvium. 
In  the  limestone,  fissures  conduct  water  to  the  syndine,  mines  in  the 
higher  portions  of  the  limestone  being  dry.  Water  in  monzonite  does 
not  penetrate  so  deeply  as  in  liu^estone  (p.  612).  The  supplies  of  the 
mills  are  from  wells  (p.  614).  The  ores,  both  in  the  sedimentary  and 
igneous  rock,  were  deposited  by  circulating  alkaline  sulphide  solutions 
with  temperatures  of  200°  (pp.  714-715).  Alteration  of  ore  deposits  by 
vadose  waters  is  considered  (p.  719). 

550  Tucker  (Frederick  de  L.  Booth).    Colonization. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  93,  pp.  122- 
126,  1904. 
Notes  utilization  of  underflow  for  irrigation  in  India  (p.  122). 

551  Tomer  (H.  W.).    Jackson  folio,  California. 

U.  S.  Geol.  Surv.,  Geol.  AUas  of  U.  S.,  folio  no.  11,  pp.  6,  1894. 
Describes  caves  with  stalactites  (p.  3)  and  notes  a  number  of  deep 
borings  (p.  4). 

552  and  Undgren  (Waldemar).     Marysville  folio,  California. 

See  lindgren  ( Waklemar)  and  Turner.  (H.  W.). 

553 Downieville  folio,  California. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  37,  pp.  8,  1897. 

Describes  the  occurrence  of  warm  springs  along  the  fissures  of  the 
earthquake  of  1876,  and  mentions  the  Sulphur  Spring  resort  and  the 
artesian  wells  of  the  west  side  of  the  Sierra  Valley  (p.  8). 

554 and  RaiiBOiiie  (F«  L.).     Sonora  folio,  California. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  41,  pp.  7,  1897. 
Notes  the  occurrence  of  solution  caverns  in  the  limestone  of  the  Calar 
veras  formation  (p.  2). 
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555  Turner  (H.  W. ),  and  Ransome  (F.  L. ).    Big  Trees  folio,  California. 

U.  S.  Geol.  Surv.,  Geol.  Atlaa  of  U.  8.,  folio  no.  51,  pp.  8, 1898. 
Notes  the  formation  of  salt  by  the  evaporation  of  water  seeping 
through  rock  into  glacial  pot  holes  (p.  7). 

U. 

556  IJdden  (J.  A.).     On  account  of  the  Paleozoic  rocks  explored  by 

deep  borings  at  Rock  Island,  Illinois,  and  vicinity. 

U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  pt  2,  pp.  829-849,  1896. 

Includes  descriptions  of  wells  in  Devonian  limestone,  Niagara  lime- 
stone, Hudson  River  shales.  Galena  limestone,  Trenton  limestone,  St 
Peters  sandstone,  Lower  Magnesian  limestone,  and  Potsdam  formation. 

557  IJlrich  (Edward  O.).     Lead,  zinc,  and  fluor  spar  deposits  of  west- 

ern Kentucky.     Geology  and  general  relations. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  205-210,  1903. 
Notes  the  occurrence  of  channels  of  undei^ground  waters  along  fracture 
lines  (p.  210). 

558  Hayes  (C.  Willard)  and.     Columbia  folio,  Tennessee. 

See  Hayes  (C.  Willard)  and  Ulrich  (Edward  O.). 

559  Upham  (Warren).    The  upper  beaches  and  deltas  of  the  Glacial 

Lake  Agassiz. 

U.  S.  Geol.  Surv.,  Bull.  no.  39,  pp.  84,  1887. 

Contains  references  to  a  considerable  number  of  wells,  mainly  shallow, 
giving  information  relating  to  glacial  deposits. 

560 The  Glacial  Lake  Agassiz. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  25,  658  pp.,  1895. 

Discusses  the  common  and  artesian  wells  of  the  Red  River  Valley 
(pp.  523-581),  considering  the  sources  of  fresh,  alkaline,  and  saline 
waters,  the  use  of  water  for  irrigation,  and  the  waters  of  the  Dakota  sand- 
stone. The  wells  in  Minnesota,  North  Dakota,  and  Manitoba  are  de- 
scribed. There  are  also  a  large  number  of  incidental  references  to  wells, 
brines,  the  Dakota  sandstone,  and  springs,  many  of  which  are  noted  in 
the  index.     The  occurrence  of  gases  in  water  is  mentioned  (pp.  553-569) 


561  Van  Hise  (Charles  Richard).     Principles  of  pre-Cambrian  North 

American  geology. 
U.  S.  Geol.  Surv.,  16th  Ann.  Rept.,  pt.  1,  pp.  571-874,  1896. 
Notes  the  closing  of  physical  pores  in  rocks  by  pressure  below  depths 
of  10,000  meters,  but  states  that  rock-inclosed  liquid-filled  cavities  can 
exist  at  an  indefinite  depth,  or  at  least  to  a  depth  where  the  liquid  and 
rock  are  miscible  in  all  proportions  (pp.  589-593). 

562 The  Marquette  iron-bearing  district  of  Michigan.     Lower 

Marquette  series. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  28,  pp.  221-407,  1897. 

Tlie  iron  ores  are  regarded  as  in  part  original  and  in  part  derived 
through  secondary  enrichment  by  downward  moving  waters  of  lean, 
cherty  carbonate  of  lime,  the  silica  being  removed  (pp.  401-405). 
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563  Van  Hisa  (Charles  Richard),  Iiaith  (C.  K.),  and  Clements  (J.  Mor- 

gan).   Iron-ore  deposits  of  Lake  Superior  region. 

U.  S.  Geol.  Sarv.,  2l8t  Ann.  Kept.,  pt.  3,  pp.  305-434,  1900. 

The  aocumalation  of  the  Lake  Superior  iron  ores  is  attributed  to 
descending  nndeiground  waters  (pp.  226-228,323,419),  the  action  of 
water  in  the  ore  accumulation  in  the  different  ranges  being  considered, 
as  follows:  Penokee-Gogebic  (pp.  34S-351),  Mesabe  (pp.  367-^169), 
Marquette  (pp.  381-383),  Menominee  (pp.  396-400),  and  Vermilion 
(pp.  407-408). 

564  Van  Hise  (C.  R.).    Prieliminary   report  on  the  lead  and  zinc 

deposits  of  the  Ozark  region.    Introduction. 

U.  8.  Geol.  Surv.,  22d  Ann.  Kept,  pt.  2,  pp.  33-^0,  1901. 

Ascribes  the  segregation  of  zinc  in  the  Silurian  limestones  of  the  Mis- 
siasippi  Valley  and  in  Missouri  and  Arkansas  to  artesian  circulation, 
deposition  taking  place  in  crevices,  joints,  and  cavities.  The  nature  of 
the  solutions  is  discussed. 

566 A  treatise  on  metaraorphism. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  47,  pp.  1286,  1904. 

In  this  elaborate  treatise,  ground  waters  and  their  part  in  metamor- 
phism  are  considered  at  great  length.  The  crust  is  divided  into  two 
great  zones  according  to  nature  of  metamorphism,  the  first  known  as 
the  zone  of  katamorphism  and  the  second  as  the  zone  of  anamorphism. 
The  zone  of  katamorphism  is  further  divided  into  an  upper  belt  of 
weathering  and  a  lower  belt  of  cementation.  Among  the  special  points 
considered  are  (1)  rock  openings,  including  bedding  planes,  .joints, . 
faults,  fissility,  spaces  in  fragmental  rocks,  and  openings  in  lavas;  (2) 
waters  of  the  belt  of  weathering,  including  a  discussion  of  the  water 
table,  amount  and  source  of  water  circulation,  and  fluctuations  depend- 
ing on  barometric  pressure,  temperature,  precipitation,  seepage,  evapora- 
tion, uplift,  subsidence,  influence  of  man,  etc.;  (3)  waters  of  the  belt  of 
cementation,  including  circulation,  temperature,  and  work;  (4)  waters 
of  the  zone  of  anamorphism,  including  quality,  circulation,  limits  of 
depth,  and  work;  (5)  the  part  of  water  in  ore  formation;  and  (6) 
source  of  subterranean  gasses  associated  with  waters.  The  portions 
bearing  on  the  circulation  are  especially  pertinent. 

566  Vanghan  (Thomas  Way  land)  Hill  (Robeit  T.)  and.     Nueces  folio, 
Texas. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  42,  pp.  4,  1898. 
See  Hill  (Robert  T.)  and  Vanghan  (T.  Wayland). 

567 Geology  of  the  Edwards  Plateau  and  Rio  Grande  Plain  adja- 
cent to  Austin  and  San  Antonio,  Texas,  with  reference  to 

the  occurrence  of  underground  water. 
See  Hill  (Robert  T.)  and  Vaughan  (T.  Wayland). 

568  Vanghan  (Thomas  Wayland).     Reconnaissance  in  the  Rio  Grande 
coal  fields  of  Texas. 

U.  8.  Geol.  Surv.,  Bull.  no.  164,  pp.  100,  1900. 

Notes  the  relation  of  the  San  Felipe  Spring  to  joints  (p.  16).  De- 
scribes or  gives  section  of  artesian  wells  or  borings  at  Santo  Tomas, 
Garrizo  Springs,  and  near  the  Rio  Grande  (pp.  25,  37,  41-44,  50-^51). 
The  Garrizo  sand  as  a  source  of  water  is  mentioned  (p.  37). 
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569  Vaughan  (Thomas  Wayland).    Uvalde  folio,  Texas. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.  folio,  pp.  7,  no.  64,  1900. 

Mentions  the  caves  of  the  Edwards  limestone  (p.  1)  and  describee  the 
numerous  springs  at  the  base  of  the  Leona  formation.  The  waters  are 
used  for  irrigation.  The  springs  are  not  associated  with  faults  (p.  6). 
There  are  at  present  no  artesian  wells,  but  artesian  water  may  poBsibly 
be  found  in  the  Glen  Rose  formation,  but  the  absence  of  springs  makes 
this  seem  improbable.  The  wells  in  the  surficial  deposits,  basalt,  and 
in  the  sedimentary  formations  including  the  Glen  Rose,  Edwards,  and 
My  rick  are  discussed  (pp.  5-6). 

670  HiU  (Robert  T.)  and.     Austin  folio,  Texas. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  no.  76,  pp.  8,  1902. 
See  Hill  (Robert  T. )  and  Vaughan  (T.  Wayland). 

671  Walcott  (Charles  Doolittle).     Administrative  report  [1893-94]. 

U.  S.  Geol.  Surv.,  15th  Ann.  Rept.,  pp.  129-144,  1895. 
Mentions  work  of  G.  K.  Gilbert  on  artesian  waters  of  Pueblo  quadrangle 
of  Colorado  (p.  136). 

572  Report  of  the  Director  [1894-96]. 

U.  S.  Geol.  Surv.,  16th  Ann.  Rept.,  pt.  1,  pp.  1-130,  1896. 

Notes  the  work  of  N.  H.  Darton  on  artesian  prospects  of  the  Atlantic 
Coastal  Plain  (p.  23);  of  Frank  I^verett  on  the  water  supply  of  the 
drift;  of  R.T.  Hill  on  the  artesian  waters  of  Texas  (pp.  27,  48) ;  of  Law- 
son  on  those  of  San  Francisco  Bay,  and  of  F.  H.  Newell  on  artesian  wells 
in  general  (p.  45).  Investigations  of  artesian  waters  and  springs  in  the 
Nepesta  and  Apeshapa  quadrangles,  Colorado  (p.  25-26)  and  in  the  deep 
wells  of  North  Dakota  (p.  48)  are  also  mentioned.  The  laws  governing 
artesian  investigations  are  quoted  (p.  43),  and  the  measurement  of  springs 
in  Texas  mentioned  (p.  48).  The  output  of  mineral  waters  is  given  as 
21,569,608  gallons,  with  a  value  of  $3,741,846. 

573  Report  of  the  Director  [1895-96]. 

U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  pt.  1,  pp.  1-200,  1896. 

Notes  the  results  of  work  hy  G.  K.  Gilbert  on  artesian  waters  and 
underflow  of  the  Arkansas  Basin  and  Pueblo  and  Apeshapa  sheets  in 
Colorado  (pp.  32,74,80),  of  R.  T.  Hill  on  the  underground  waters  of 
Texas  (pp.  35,36,80),  of  N.  H.  Darton  on  those  of  North  and  South 
Dakota  (pp.  37, 73, 80),  of  A.  0.  Lawson  in  California  (p.  48),  of  Frank 
Leverett  in  Illinois,  and  of  £.  H.  Barbour  in  Nebraska  (p.  73).  The  gen- 
eral work  of  the  Division  of  Hydrography  on  underground  waters  is 
de8cribe<l  (pp.  70-71)  and  an  analysis  of  a  boring  sample  from  well  at 
Key  West,  Florida,  made  by  the  chemical  department,  noted  (p.  70). 
The  product  of  mineral  waters  is  given  as  21,463,543  gallons,  with  a 
value  of  $4,254,237. 

574  .  Report  of  the  Director  [1896-97]. 

U.  S.  Geol.  Surv.,  18th  Ann.  Rept,  pt.  1,  pp.  1-130, 1897. 

Gives  allotment  for  artesian  work  (p.  20)  and  describes  work  on  arte- 
sian and  other  underground  waters  by  N.  H.  Darton  in  District  of 
Columbia,  Maryland,  and  Virginia  (p.  32),  in  South  Dakota  and 
Nebraska  (p.  73) ,  by  T.  W.  Vaughan  in  Texas  (pp.  36, 75),  R.  T.  Hill  in 
Texas   (pp.  37,  75),  R.  C.  Hills  in  Colorado  (p.  40),  Frank  Leverett  in 
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Ohio  and  Indiana  (pp.  55,57,72),  A.  C.  Lane  in  Michigan  (p.  72),  £.  J 
Baboock  in  North  Dakota  (p.  73),  £.  H.  Barbour  in  Nebraska  (p.  74), 
and  Erasmus  Ha  worth  and  W.  D.  Johnson  in  Kansas  (p.  74).  The 
work  of  William  Hullock  on  temperatures  of  the  mile-deep  well  near 
Pittsburg  (p.  60)  and  of  E.  C.  Murphy  and  O.  P.  Hood  on  windmills 
and  pumps  is  also  mentioned  (p.  74).  A  summary  of  the  work  of  the 
Division  of  Hydrography  on  artesian  problems  (pp.  70-71) ,  and  statistics 
of  wells  in  the  Mississippi  Valley  are  given.  The  product  of  mineral 
waters  for  1895  is  stated  as  25,795,312  gallons,  with  a  value  of  $4,136,192. 

575  Walcott  (Charles  Doolittle).     Report  of  the  Director  [1897-98]. 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept,  pt.  1,  pp.  1-143, 1898. 

Describes  the  work  of  N.  H.  Darton  and  F.  H.  Ainsworth  on  well 
temperatures  in  western  Nebraska;  of  R.  T.  Hill  in  the  underground 
waters  of  Black  and  Grand  Prairies,  Edwards  Plateau,  and  Rio  Grande 
Plain  in  Texas,  and  of  the  Division  of  Hydrography  on  general  under- 
ground investigations.  The  relation  of  ground  water  level  to  the  oxi- 
dation of  ores  in  the  Tintic  district  is  mentioned.  The  product  of  min- 
eral waters  for  1897  is  stated  as  23,255,911  gallons,  with  a  value  of 
$4,599,106. 

576 Report  of  the  Director  [1898-99]. 

U.  S.  Geol.  Surv.,  20th  Ann.  Kept,  pt.  1,  pp.  11-209, 1899. 

Describes  work  on  underground  waters  by  N.  H.  Darton  in  District 
of  Columbia,  Maryland,  Virginia,  South  Dakota,  and  Texas;  of  R.  C. 
Hills  in  Ck>lorado,  of  Frank  Leverett  in  Indiana,  of  A.  0.  Lane  in  Mich- 
igan, and  of  E.  J.  Babcock  in  North  Dakota.  The  product  of  mineral 
waters  for  1898  is  given  as  28,853,467  gallons,  with  a  value  of  $8,051,833. 
(See  index  of  report. ) 

577  Report  of  the  Director  [1899-1900]. 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept,  pt.  1,  pp.  11-204,  1900. 

Gives  a  summary  of  publications  of  the  Survey  relating  to  artesian 
waters,  1879-1900  (pp.  31-32),  and  mentions  the  work  of  the  division 
of  Hydrography  on  underground  waters  (p.  43).  The  allotment  for 
such  work  is  stated  (p.  64).  The  work  of  N.  H.  Darton,  C.  C.  O'Harra, 
and  J.  E.  Todd  on  the  underground  waters  of  the  Great  PlaiuH  and  Black 
Hills;  of  N.  H.  Darton  in  South  Dakota  and  Wyoming;  of  R.  T.  Hill  in 
the  Black  and  Grand  Prairies,  Texas;  of  W.  H.  Weed  on  the  Boulder 
Hot  Springs  of  Montana,  of  W.  A.  Setchell  on  plant  life  of  hydro-ther- 
mal waters  of  the  Yellowstone  National  Park  (p.  80),  and  of  0.  M.  Hall 
in  South  Dakota,  is  reviewed.  The  output  of  mineral  waters  for  1899  is 
given  as  39,562,136  gallons,  with  a  value  of  $6,948,030. 

578 Report  of  the  Director  [1900-1901]. 

U.  S.  Geol.  Surv.,  22nd  Ann.  Rept.,  pt.  1,  pp.  3-207,  1901. 

Describes  work  on  underground  wafers,  by  Frank  Leverett,  in  Mich- 
igan; N.  H.  Darton,  W.  S.  T.  Smith,  J.  E.  Todd,  C.  M.  Hall,  E.  H.  Bar- 
bour, and  0.  C.  O'Harra  in  the  region  including  North  Dakota,  South 
Dakota,  Colorado,  Itansas,  Nebraska,  and  Wyoming;  and  G.  O.  Smith 
and  F.  C.  Calkins  in  Washington;  I.  C.  Russell  in  Idaho;  C.  S.  Slichter 
(underflow  measurements)  in  the  Mississippi  Valley.  Also  notes  work 
of  William  Hallock  on  the  physics  of  geysers,  and  of  N.  H.  Darton  on 
deep  wells  and  their  relation  to  health.  The  product  of  mineral  waters 
for  1900  is  given  as  47,558,784,  with  a  value  of  16,245,172.  (See  index 
01  report). 
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578a  Walcott  (Charles  Doolittle).    Report  of  the  Director  [1901-1902]. 

U.  S.  Geol.  Surv.,  23rd  Ann.  Rept,  pp.  206,  1902. 

Notes  the  work  on  underground  waters,  by  N.  H.  Darton,  in  Arizona; 
J.  E.  Todd,  in  the  James  River  Valley,  in  South  Dakota;  of  C.  M.  Hall  in 
the  Red  River  Valley,  and  of  N.  H.  Darton  on  the  Great  Plains  and 
Black  Hills  (pp.  40-41 ) .  The  work  of  N.  H.  Darton  on  deep  well  records 
and  underground  temperatures  (p.  41),  of  C.  S.  Slichter  on  movements  of 
water  in  sands  and  gravel  (p.  101),  of  Arnold  Hague  and  William  Hal- 
lock  on  geysers'^and  hot  spring  phenomena  of  the  Yellow^stone  National 
Park  (p.  46),  and  of  W.  H.  Weed  on  the  Hot  Springs  of  Arkansas  (p.  62) 
is  also  mentioned.  A  list  of  survey  publications  of  the  year  relating  to 
underground  and  surface  waters  is  given  (pp.  118-119).  The  produc- 
tion of  mineral  waters  for  1901  is  given  as  55,771,188  gallons,  valued  at 
$7,586,962. 

579  Letter  of  transmittal:  First  Annual  Report  of  the  Reclamation 

Service,  June  17  to  December  1,  1902. 

U.  S.-  Geol.  Surv.,  Ist.  Ann.  Rept.  Reclamation  Service,  1902,  pp. 
12-14,  1903. 

Mentions  deep  well  problems  in  western  Kansas,  western  Nebraa^ 
and  in  central  Oregon  (p.  13). 

580 Report  of  the  Director  [1902-1903]. 

U.  S.  Geol.  Surv.,  24th  Ann.  Rept,  pp.  302,  1904. 

Gives  an  account  of  the  organization  of  the  Division  of  Hydrology 
and  the  scope  of  its  work  (pp.  180, 196-213),  and  of  the  Hydro-Economic 
Division  (pp.  213-214).  The  production  of  mineral  waters  for  1902  is 
stated  as  64,859,451  gallons,  with  a  value  of  $8,793,761.  Work  in  the  fol- 
lowing States  is  described:  Maine,  New  Hampshire,  Vermont,  Massa- 
chusetts, Rhode  Island,  Connecticut,  New  York,  New  Jersey,  Geoiigia, 
Florida,  Minnesota,  Wisconsin,  Michigan,  Iowa,  Missouri,  Arkansas, 
Louisiana,  Kentucky,  Tennessee,  Mississippi,  Alabama,  Arizona,  Cali- 
fornia, Colorado,  Idaho,  Kansas,  Nebraska,  New  Mexico,  North  Dakota, 
Oklahoma,  Oregon,  South  Dakota,  Texas,  Washington,  and  Wyoming. 
Details  of  the  work  of  the  following  men  on  undei^round  waters  are 
also  given:  N.  H.  Darton,  M.  L.  Fuller,  Arnold  Hague,  WaldmarLind- 
gren,  I.  C.  Russell,  W.  C.  Alden,  W.  S.  Bayley,  J.  M.  Boutwell,  G.  H. 
Perkins,  W.  O.  Crosby,  Laurence  La  Forge,  H.  E.  Gregory,  A.  C. 
Veatch,  C.  S.  Slichter,  F.  B.  Weeks,  G.  N.  Knapp,  S.  W.  McCallie,  C. 
W.  Hall,  A.  R.  Shultz,  W.  F.  Cooper,  W.  H.  Norton,  E.  M.  Shepard, 
A.  n.  Purdue,  L.  C.  Glenn,  E.  A.  Smith,  L.  C.  Johnson,  G.  B.  Rich- 
ardson, W.  C.  Mendenhall,  W.  T.  I>ee,  C.  A.  Fisher,  Homer  Hamlin, 
G.  E.  Condra,  C.  M.  Hall,  D.  E.  Willard,  C.  N.  Gould,  I.  C.  Russell, 
J.  E.  Todd,  and  C.  C.  O'Harra.  Investigations  on  the  measurement 
of  underflow,  by  C.  S.  Slichter,  on  the  water  supplies  of  Molokai, 
Hawaiian  Islands,  by  W.  Lindgren,  and  on  the  question  of  diminution 
of  geyser  action  in  the  Yellowstone  National  Park,  are  also  noted. 

581  Wannan  (Philip  Creveling).  Bibliography  and  index  of  the 
publications  of  the  United  States  Geological  Survey,  with 
the  laws  governing  their  printing  and  distribution. 

U.  S.  Geol.  Surv.,  Bull.  no.  100,  pp.  495,  1893. 

Gives  list  of  Survey  publications  to  date  of  issue,  with  tables  of  con- 
tents. The  index  contains  references  to  most  of  the  more  important 
discussions  or  descriptions  relating  to  underground  waters. 
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582  Wannan  (Philip  Creveling).    Oatalogue  and  index  of  the  publi- 
cations of  the  United  States  Geological  Survey,  1880-1901. 

U.  S.  Geol.  Smrv.,  Bull.  no.  177,  pp.  868,  1901. 

GiveB  lists  of  the  Survey  publications,  with  tables  of  contents  of  some. 
Has  an  extended  index  containing  references  to  a  lante  number  of 
descriptions  or  discussions  bearing  on  underground  waters. 

583 Catalogue  and  index  of  publications  of  the  United  States 

Geological  Survey,  1901-1908. 

U.  S.  Geol.  Sunr.,  Bull.  no.  215,  pp.  234,  1903. 
Brings  the  list  of  publications  and  index  of  Survey  papers  to  date, 
being  supplementary  to  Bulletins  100  and  177. 

584  "Weed  (Walter  Harvey).    Formation  of  travertine  and  siliceous 

sinter  by  the  vegetation  of  hot  springs. 

U.  8.  Geol.  Surv.,  9th  Ann.  Rept,  pp.  613-676,  1889. 

Among  the  subjects  discussed  are  the  following:  Vegetable  growth  in 
hot  springs  (pp.  620-628),  the  Mammoth  Hot  Springs  and  the  waters  of 
the  Upper  Geyser  Basin  of  Fire  Hole  River,  vegetable  and  chemical 
ingredients  of  the  water,  form,  composition  (with  analyses),  weathering, 
etc.,  of  the  travertine  deposits,  and  analyses  of  hoi-spring  waters  and  of 
sUiceous  sinter.  Condudes  that  plant  life  of  Mammoth  Hot  Springs 
causes  deposition  of  travertine,  and  that  vegetation  of  hot  alkaline 
waters  of  Geyser  Basin  eliminates  silica  from  the  water  by  the  vital 
growth  and  produces  deposition  of  siliceous  sinter.  The  same  principles 
probably  apply  to  the  sinters  of  Steamboat  Springs,  Nevada,  in  the 
Azores,  and  possibly  in  Iceland  and  New  Zealand. 

585  IddingB  (Joseph  P.)  and.     Livingston  folio,  Montana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  1,  pp.  4,  1894. 
See  IddingB  (Joseph  P.)  and  Weed  (Walter  H.). 

586 and  Pirsson  (Louis   Valentine).    Geology  of   the    Castle 

Mountain  mining  district,  Montana. 

U.  S.  Geol.  Surv.,  Bull.  no.  139,  pp.  104,  1896. 

Notes  the  occurrence  of  springs  and  the  disappearance  of  streams  into 
gravel  and  limestone  (p.  20).  Describes  caves  and  abandoned  subter- 
ranean channels  in  the  carboniferous  limestone  (p.  40).  The  White 
Sulphur  Hot  Springs,  temperature  125°,  from  the  Miocene  lake  beds,  }fi 
also  discussed.  The  heat  is  supposed  to  be  from  igneous  intrusions. 
Flow,  1,300  gallons  per  hour.  Spring  is  surrounded  by  sulphur  deposits. 
Hotels  and  a  park  have  been  built  (pp.  150-151). 

587  Yellowstone  National  Park  folio.     Sedimentary  rocks. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  30,  pp.  4-5,  1896. 

Describes  calcareous  deposits  of  hot  springs  and  the  formation  of  sili- 
ceous sinter  through  agency  of  algous  life.  Mentions  the  leaching,  etc., 
by  solfiitaric  springs  giving  rise  to  the  ''paint  pots.'' 

588  and  Piisson  (L.  V.).     Geology  and  mineral  resources  of  the 

Judith  Mountains  of  Montana. 

U.  S.  Geol.  Surv.,  18th  Ann.  Kept,  pt.  3,  pp.  437-616,  1897. 

Notes  the  common  occurrence  of  springs,  including  large  and  power- 
ful ones  in  shale  and  limestones,  some  of  which  give  rise  to  large  streams 
at  once  (pp.  447,  452-454).    The  springs  of  the  Benton  shale  (p.  513)  and 


90  BIBLIOGEAPHIC   BEVIEW   OF   PAPERS  [no.  120. 

of  the  Cretaceous  beds  (p.  525)' are  described.  The  occurrence  of  under- 
ground drainage  (p.  529)  and  of  deposits  of  limonite  formed  by  waters 
from  the  porphyry  ( p.  152 )  are  noted.  The  ores,  both  original  and  replace- 
ment, are  supposed  to  have  been  deposited  by  ascending  waters  and 
vapors  through  limestone  or  along  faults  (pp.  594-596). 

589  Weed  (Walter  Harvey).     Siliceous  sinter.    The  educational  series 

of  rock  specimens  collected  and  distributed  by  the  United 
States  Geological  Survey. 

U.  S.  Geol.  Surv.,  Bull.  no.  150,  pp.  91-93,  1898. 

Describes  character  and  method  of  formation  through  algous  agency 
j>i  siliceous  sinter  from  the  Yellowstone  National  Park,  and  gives  an 
analysis. 

590  Traverture.    The  educational  series  of  rock  specimens  col- 

lected and  distributed  by  the  United  States  Geological 
Survey. 

U.  S.  Geol.  Surv.,  Bull.  no.  150,  pp.  99-101,  1898. 
Explains  origin  and  gives  analysis  of  traverture  from  the  Yellowstone 
National  Park. 

591  Geology  of  the  Little  Belt  Mountains,  Montana. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept,  pt.  3,  pp.  257-461, 1899. 

Mentions  the  interrupted  streams  of  the  limestone  areas  (p.  275),  the 
springs  of  Judith  region  (p.  311 ),  and  notes  the  ascending  hot  carbonated 
and  sulphide  waters  of  the  Neihart  district  (pp.  420-423). 

592 Hague,  Arnold  [and].     Descriptive  geology  of  Huckleberry 

Mountain  and  Big  Game  Ridge:  Snake  River,  Hot  iSprings. 

U.  S.  Geol.  Surv.,  Mon.,  vol.  32,  pt.  2,  pp.  177-178,  1899. 
See  Hague  (Arnold),  [and  Weed  (W.  H. )]. 

693  Weed  (Walter  Harvey).     Fort  Benton  folio,  Montana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.  folio  no.  55,  pp.  7,  1899. 

Notes  the  passage  of  Belt  Creek  through  local  underground  passages 
(p.  1).  States  that  the  rocks  underlying  the  flat  areas  between  the 
mountains  would  probably  afford  artesian  waters.  The  surface  supply 
is  insufficient  (p^  6). 

594 Little  Belt  Mountains  folio,  Montana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  no.  56,  pp.  9, 1899. 
Streams  are  reported  dry  in  summer  because  of  absorption  into  under- 
ground passages  of  the  limestones.     Describes  the  White  Sulpnur  group 
of  9  springs.    The  water  is  warm  and  has  medicinal  properties,  being 
-    used  at  the  near-by  hotels  and  baths.     An  analysis  is  given  (p.  8). 

695  Mineral  vein  formation  at  Boulder  Hot  Springs,  Montana. 

U.  S.  Geol.  Surv.,  21st  Ann.  Kept,  pt.  2,  pp.  227-255, 1900. 

Describes  ore  deposition  at  Steamlwat  Springs,  Nevada,  and  Sulphur 
Bank,  California.  Boulder  Hot  Springs  are  now  depositing  both  vein 
and  surface  deposits,  including  some  gold  and  silver  (pp.  233-235).  The 
waters  have  a  temperature  up  to  164°  and  have  altered  the  adjacent 
granites,  but  although  algse  are  present  little  silica  is  deposited  (p.  237). 
Surface  waters  penetrated  to  heated  rhyolite  intrusions  and  on  rising  the 
dissolved  minerals  were  deposited  by  cooling  and  release  of  pressure 
(pp.  249-251). 
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596  Weed  (Walter  Harvey).     Ore'deposits  at  Butte,  Montana. 

U.  S.  Geol.  Surv.,  Bull.  no.  213,  pp.  170-180, 1903. 
Ascribes  ore  deposition  to  hot  solutions  ascending  along  fractures  in 
the  granite  (p.  177). 

597 Gypsum  deposits  in  Montana. 

U.  S.  Geol.  Surv.,  Bull.  no.  223,  pp.  74-75, 1904. 

Notes  the  presence  of  gypsum  in  hot  spring  waters  and  the  deposition 
of  gypsum  and  stilbite  in  old  hot  spring  fissures. 

598 Notes  on  the  copper  mines  of  Vermont. 

U.  S.  Geol.  Surv.,  Bull.  no.  225,  pp.  190-199, 1904. 

Discusses  the  limits  of  ground  waters  in  certain  of  the  mines  (p.  192). 

599  Weeks  (Fred  Boughton).  Bibliography  and  index  of  North 
American  geology,  paleontology,  petrology,  and  mineralogy 
for  1802  and  1893. 

U.  S.  Geol.  Surv.,  Bull.  no.  130,  pp.  210, 1896. 

Artesian  wells  are  listed  under  **  Economic  products  described.'' 

600 Bibliography  and  index  of  North  American  geology,  pale- 
ontology, petrology,  and  mineralogy  for  the  year  1894. 

U.  S.  Geol.  Surv.,  Bull.  no.  136,  pp.  141, 1896. 

Artesian  wells  are  listed  under  ''Economic  products  described." 

601 Bibliography  and  index  of  North  American  geology,  paleon- 
tology, petrolog5%  and  mineralogy  for  1895. 

U.  S.  Geol.  Surv.,  Bull.  no.  146,  pp.  130,  1896. 

Artesian  wells  and  water  supply  are  listed  under  **  economic  products 
described." 

602 Bibliography  and  index  of  North  American  geology,  paleon- 
tology, petrology,  and  mineralogy  for  1896. 
U.  S.  Geol.  Surv.,  Bull.  no.  149,  pp.  152,  1897. 

Artesian  wells,  mineral  water,  and  water  supply  are  listed  under 
"economic  products  described." 

603 Bibliography  and  index  of  North  American  geology,  paleon- 
tology, petrology,  and  mineralogy  for  1897. 

U.  S.  Geol.  Surv.,  Bull.  no.  156,  pp.  130,  1898. 
'    Water  analyses  are  listed  under  "chemical  analyses,"  and  artesian 
water,  artesian  wells,  and  water  supplies  under  "economic  products 
described." 

604 Bibliography  and  index  of  North  American  geology,  paleon- 
tology, petrology,  and  mineralogy  for  1898. 

U.  8.  Geol.  Surv.,  Bull.  no.  162,  pp.  163,  1899. 

Artesian  water,  artesian  wells,  and  water  supply  are  listed  under  "eco- 
nomic products  described." 

605 Bibliography  and  index  of  North  American  geology,  paleon- 
tology, petrology,  and  mineralogy  for  the  year  1895. 

U.  S.  Geol.  Surv.,  Bull.  no.  172,  pp.  146,  1900. 

Artesian  water,  artesian  wells,  mineral  waters,  and  water  supply  are 
listed  under  "economic  products  described,"  while  analyses  are  listed 
under  "chemical  analyses." 
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606  Weeks  (Fred   Boaghton).     Bibliography  of    North  American 

geology,  paleontology,  petrology,  and  mineralogy  for  the 

years  1892-1900,  inclusive. 

U.  S.  Geol.  Surv.,  Bull.  no.  188,  pp.  717,  1902. 

Papers  relating  to  underground  waters  and  springs  are  catalogued 
under  authors. 

607  Index  to  North  American  geology,  paleontology,  petrology, 

and  mineralogy  for  the  years  1892-1900,  inclusive. 

U.  S.  Geol.  Surv.,  Bull.  no.  189,  pp.  337,  1902. 

Artesian  water,  artesian  wells,  mineral  water,  and  water  supply  are 
listed  under  *' economic  products  described,''  while  analyses  are  listed 
under  *' chemical  analyses.'' 

608  Bibliography  and  index  of  North  American  geology,  pale- 

ontology, petrology ,  4ind  mineralogy  for  the  year  1901. 

U.  S.  Geol.  Surv.,  Bull.  no.  203,  pp.  144,  1902. 

Artesian  water,  artesian  wells,  and  water  supply  are  listed  nnder 
"economic  products  described." 

609  Bibliography  and  index  of  North  American  geology,  pale- 

ontology, petrology,  and  mineralogy  for  the  year  1902. 

U.  S.  Geol.  Surv.,  Bull.  no.  221,  200  pp.,  1903. 

Papers  relating  to  underground  waters  are  listed  under  *' economic 
products  described"  and  under  ''chemical  analyses." 

610  New  York.     [Well  and  spring  records.] 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  102,  pp. 
169-206,  1904. 

Discusses  the  general  underground  water  conditions  (pp.  169-171)  and 
gives  tables  and  notes  relating  to  wells  (pp.  172-198)  and  spring  (pp. 
199-206).  The  well  data  include  source,  temperature,  yield,  quality, 
use,  records,  and  analyses;  the  spring  data  temperature,  quality,  yield, 
source,  and  uses. 

611  Bibliography  and  index  of  North  American  geology,  paleon- 

tology, petrology,  and  mineralogy  for  the  j^ear  1903. 

U.  S.  Geol.  Surv.,  Bull.  no.  240,  243  pp.  1904. 

Waters  are  more  carefully  indexed  than  in  preceding  volumes,  being 
listed  under  *' chemical  analyses,"  ** economic  products  described, "etc. 

612  Wliistler  (John  T.).    Investigations  in  Oregon. 

U.  S.  Geol.  Surv.,  2d  Ann.  Kept.  Reclamation  Service,  1902-3,   pp. 
433-440,  1904. 
Notes  occurrence  of  large  springs,  some  thermal,  at  Bonanza  (p.  439). 

613  WTiite  (Charles  A.).    Correlation  Papers.     Cretaceous. 

U.  S.  Geol.  Surv.,  Bull.  no.  82,  pp.  273,  1891. 

Discusses  artesian  water  of  the  Dakota  formation  (p.  171)  and  referR 
to  wells  or  gives  records  of  horings  in  New  Jersey  (p.  79)  Vir)ginia 
(p.  90)  and  elsewhere. 

614  White  (Israel   C).     Stratigraphy  of  the  bituminous  coal  field  of 

Pennsylvania,  Ohio,  and  West  Virginia. 

U.  S.  Geol.  Surv.,  Bull.  no.  65,  pp.  212,  1891. 

Gives  several  sections  made  up  in  whole  or  in  part  of  well  borings. 
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615  Whitfield  (James  Edward),  Gtooch  (Frank  Austin)  and.    Analy- 

sis of  waters  of  the  Yellowstone  National  Park  with  an 
account  of  the  methods  of  analysis  employed. 

U.  S.  Geol.  Sorv.,  Bull.  no.  47,  pp.  S4,  18SS. 

See  Gooch  (Frank  Austin)  and  Whitfield  (James  Edward). 

616  [Wimams,  J.  Albert].     Salt. 

U.  S.  Geol.  Surv.,  Min.  Res.,  18S2,  pp.  532-5^3,  1883. 

Gives  the  number,  average  depth,  and  strength  of  brines  of  wells  of 
different  States  (p.  532),  with  more  specific  references  on  subsequent 
pages  to  the  salt  wells  of  Michigan,  New  York,  West  Viiginia,  Ohio,  etc., 
and  to  the  saline  springs  of  New  York,  Montana,  Dakota,  Colorado, 
Pacific  coast,  Nevada,  California,  Oregon,  Idaho,  and  Ajiiona  (pp. 
535-550). 

617 Sulphur. 

U.  S.  Geol.  Surv.,  Min.  Ree.,  1882,  pp.  57S-579,  1883. 
Mentions  sulphur  springs  of  the  Rocky  Mountains. 

618 Administrative  report  [1884-85]. 

U.  S.  Geol.  Surv.,  6th  Ann.  Rept,  pp.  88-93,  1885. 

In  a  summary  of  mineral  products  of  the  United  States  the  outputs  of 
mineral  waters  for  1883  and  1884  are  given  as  47,289,743  and  68,720,936 
gallons,  with  values  of  $1,139,483  and  $1,665,490,  respectively. 

619 Salt. 

U.  S.  Geol.  Surv.,  Min.  Res.,  1883-84,  pp.  827-S50,  1885. 

Gives  more  or  less  descriptive  matter  relating  to  the  salt  wells  or  bor- 
ings of  Michigan,  New  York,  Ohio,  Virginia,  IllinoiB,  Indiana,  Ken- 
tucky, Tennessee,  Kansas,  California,  and  Nebraska,  and  to  saline 
springs  of  New  York,  Illinois,  Indiana,  Kentucky,  Tennessee,  Kansas, 
Nebraska,  Montana,  South  Dakota,  and  Colorado. 

620 Administrative  report  [1885-86]. 

D.  S.  Geol.  Surv.,  7th  Ann.  Rept.,  pp.  130-134,  1888. 
Gives  the  product  of  mineral  waters  for  1885  as  9,148,401  gallons,  with 
a  value  of  $1,312,845.    The  decrease  is  due  to  the  exclusion  of  certain 
Wisconsin  artesian  wells. 

621  Wilson  (Herbert  M.).    Irrigation  in  India. 

U.  S.  Geol.  Surv.,  12th  Ann.  Rept,  pt.  2,  pp.  383-561,  1891. 

Describes  pump  wells  (p.  369)  and  wells  for  irrigation  (pp.  415,  496). 
Underground  seepage  waters  are  sometimes  valuable  for  irrigation  where 
labor  is  cheap,  but  it  is  doubtful  if  they  will  ever  be  extensively  used  in 
America  (p.  415).  Methods  of  pumping,  including  several  depending 
on  animal  power,  are  considered  (pp.  423-425).  Loss  from  streams  by 
percolation  and  absorption  is  described  (pp.  431-434) . 

622 American  Irrigation  Engineering, 

U.  S.  GeoL  Surv.,  13th  Ann.  Rept.,  pt.  3,  pp.  101-350,  1892. 

Considers  springs,  ground  water,  artesian  water,  etc.,  as  sources  of 
supply  (pp.  113-114),  and  discusses  seepage  (p.  114).  Detailed  descrip- 
tions of  subsurface  supplies  and  the  methods  of  collecting  by  submerged 
dams,  collecting  canals,  tunnels,  etc.,  are  given  (pp.  327-330).  The 
''duty"  of  well  water  in  Utah  (p.  157),  the  volume  and  movement  of 
ground  water  (p.  328),  and  pumping  and  lifting  methpds  (pp.  162,  332- 
328)  are  also  considered. 
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623  WUsoii  (Herbert  M.).     Pumping  waters  for  irrigation. 

U.  8.  Geol.  Surv.,  Water-Siipply  and  Irrigation  Paper  no.  1,  pp.  66, 
1896. 

Contains  a  discussion  of  the  kinds  of  pumps  (p.  17),  including  animal 
motive  powers  (pp.  20-25),  windmills  (pp.  26-35),  water  wheels  and 
hydraulic  rams  (pp.  35-^),  hot  air  and  gasoline  pumps  (pp.  45-^6), 
steam  pumps  (pp.  46-50),  centrifugal  and  rotary  pumps  (pp.  50-51), 
and  mechanical  and  siphon  elevators  (pp.  51-54).  The  relative  effici- 
ency and  cost  are  given  (pp.  15,  16,  19,  etc.).  The  descriptions  of  the 
methods  of  ancient  or  semicivilized  peoples  are  of  special  interest. 

624  Irrigation  in  India. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Paper  no.  87,  pp.  238, 
1903. 

This  is  a  revised  edition  of  paper  on  same  subjcH^t  appearing  in  the 
Twelfth  Annual  Report.  Very  few  new  facts  relating  to  ondeiground 
waters  are  presented. 

625  Winslo'w  (Arthur).     The  disseminated  lead  ores  of  southeastern 

Missouri. 

U.  S.  Geol.  Surv.,  Bull.  no.  132,  pp.  31,  1896. 

Contains  a  number  of  boring  records  and  notes  on  fissure  and  crevice 
systems  in  their  relation  to  the  deposition  of  the  ores  by  circulating 
waters. 

626  Wood"wrorth  (Jay  Backus).     The  glacial  brick  clays  of  Rhode 

Island  and  southeastern  Massachusetts:  Geology  and  geog- 
raphy of  the  clays. 

U.  S.  Geol.  Surv.,  17th  Ann.  Kept.,  pt.  1,  pp.  975-988,  1896. 

Describes  the  mud  springs  or  mud  volcanoes  in  the  clays  at  Barrin;;- 
ton,  Rhode  Island,  and  at  Titicut,  Massachusetts.  They  are  thoag^ht  to 
be  due  to  water  passing  downward  beneath  the  clay  through  the  fore- 
sets  of  adjacent  sand  plains  and  forcing  its  way  upward  through  the  clay 
(p.  988). 

627  Geology  of  the  northern  and  eastern  portions  of  the  Narra- 

gansett  Basin. 

IT.  S.  Geol.  Surv.,  Mon.,  vol.  33,  pp.  91-214,  1899. 
Gives  records  of  deep  borings  in  Rhode  Island  (pp.  161  and  171)  and 
in  Massachusetts  (pp.  170,  198). 

628  Wright  (George  Frederick).     The  glacial  boundary  in  western 

Pennsj-lvania,  Ohio,  Kentucky,  Indiana,  and  Illinois. 

U.  S.  Geol.  Surv.,  Bull.  no.  58,  pp.  39-110,  1890. 

Describes  an  artesian  well  at  Oberlin,  Ohio  (p.  47),  and  mentions  a 
number  of  surface  wells. 
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[The  nnmbers  refer  to  entries  In  the  bibllognphlc  review.] 


AbMvptUm  of  water  hj— 
FlaBiirea,  284. 
Granite,  2^. 

Gravel.  Manachnsetts,  498. 
Lara: 

Ariaona,  428. 

Idaho,  478.        , 

Oref^n,  289. 
Limestone: 

Montana,  336. 

New  York,  455. 
Pnmioe,  Oregon,  280. 
Roeka  in  general: 

Gallfomia,  286. 

Colorado,  149. 
Sand  bills,  Nebraska,  529. 
Sinks: 

General,  600. 

Michigan,  9M. 
Abaorptioo  of  water  of— 

Oanals  (see  also  Seepage),  New  York,  465. 
Rainfall,  149.  454. 

Streams,  including  lost  rivers  and  intermit- 
tent streams: 

Alabama,  862. 

Arid  regions,  342. 

Arizona.  127, 128,  463a. 

California,  287. 

Colorado,  175,  845. 

India,  621,  624. 

Kan8BS,213. 

Michigan.  371. 

Montana.  10.  586,  591,  5S3,  594. 

Nebraska,  273. 

North  Carolina.  371. 

Oregon,  288,  289. 

Rio  Grande  Basin,  437. 

Tennessee,  219. 

Texas,  243, 

General,  435. 
General,  Nebraska,  100. 


t   Alahawia    rontintUHJ. 
SpringH: 

Analyses,  392. 

Descriptions,  892. 

Measurements,  204. 

Quality,  392. 

Ufie,  392,  406. 

Yield.  392.  406. 
Underground  waters,  437,  502. 
Wells  and  borings: 

Analyses.  59,  502. 

Descriptions,  502. 

Quality,  502. 

Records,  501,  502. 

Temperature,  95,  502. 

Uses,  502. 

Yield,  502. 
Work  of  U.  8.  Geological  Survey,  167,  580. 


Absorption  of  water  from  rivers.  362. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of.  225. 
Principal  survey  publications  (well  records), 

502. 


Ore  deposits,  part  of  underground  waters  in 

formation  of,  325. 
Springs: 

Deposits,  70. 
Descriptions: 

Mineral.  392.  498. 
Oil,  gas,  and  sulphur,  325. 
Sulphur,  70. 
Quality,  892. 
Temperature,  392. 
Use,  392. 
Yield,  392. 
Algiers. 

Wells,  use  for  irrigation,  337. 
Alluvium,  occurrence  of  waters  in,  101,  215,  549. 
Alteration  of  rocks  by  springs,  201,  311,  587.  595. 
Analyses. 
Brines: 

England,  131. 
France,  131. 
Michigan,  131. 
New  York,  131. 
Ohio,  449. 
Ontario,  131. 
Pennsylvania,  181. 
South  Dakota,  102. 
United  States,  120. 
Virginia.  131. 
West  Virginia.  131. 
Wyoming,  102. 
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Analjniet— Continued. 
Mine  waters: 

Colorado,  144. 

Nevada,  20. 

Pennsylyania,  294. 
Public  supplies: 

Vermont,  420. 
Spring  deposits: 

Siliceous  sinter,  Montana,  589. 

General,  260. 
Spring  waters: 

Alabama,  892. 

Alaska,  392. 

Arkansas,  59,  60,  392,  446. 

California.  53.  60,  808,  392,  477. 

Colorado,  60,  392.  461,  519. 

Connecticut,  183,  392. 

Dakotas,  392. 

Delaware,  892. 

Florida,  169,  392. 

Georgia,  327,  892. 

Idaho.  392. 

Illinois,  60,  392. 

Indiana,  892. 

Indian  Territory,  892. 

Iowa,  392. 

Kansas,  892. 

Kentucky,  392. 

Louisiana,  392. 

Maine.  18,  392. 

Maryland,  892. 

Massachusetts,  73, 189,  392. 

Michigan,  71,  280.  392. 

Minnesota,  207,  392. 

Mississippi,  392. 

Missouri,  62,  63.  892,  497. 

Montana,  53,  54,  55,  892,  594. 

Nebraska,  892. 

Nevada,  53,  392,  476. 

New  Hampsliire,  29,  892. 

New  Jersey,  892. 

New  Mexico,  55,  59,  64,  892. 

New  York,  64.  392. 

North  Carolina,  60,  392. 

Oregon,  53,  313,  892,  427. 

Pennsylvania,  294,  392. 

Porto  Rico.  241. 

Rhode  Island,  74,  392. 

South  Carolina,  392. 

South  Dakota,  89,  392. 

Tennessee.  61,  364,  392. 

ToxaK,  392. 

ITnltAKl  States,  392. 

rtah.  r>3.  56.  392. 

Vennont.  392,  420. 

Virginia,  ftS,  54,  56,  392. 

Wiwhington,  392.  426. 

West  Virginia.  392. 

Wisconsin,  392. 

Wyoming,  54,  58,  65,  178.  392. 

Yellowstone   National   Park,  54,  58.  178, 
191.  893. 
Well  incrustations,  Pennsylvania.  55. 
Well  waters: 

Alabama,  59,  502. 

Arizcma,  283. 

Arkansas,  446. 


Analyaas— Continued. 

Well  waters— Continued. 

Colorado,  188, 174. 

Connecticut,  188. 

Florida,  61, 169. 

Georgia,  59,  827. 

Illinois,  9,  800. 

Indiana,  9,  801. 

Iowa,  66. 

Kentucky,  61, 177. 

Louisiana,  210. 

Maine,  18. 

Massachusetts,  61, 78, 139, 140. 

Michigan,  71,  280. 

Mi.«ouri,  60.  514. 

Nebraska,  103. 

New  Hampshire,  29. 

New  York,  610. 

North  Carolina,  97. 

Pennsylvania,  294. 

Rhode  Island,  74. 

South  Dakota,  89, 102, 108. 

Texas,  289. 

Vermont,  420. 

Virginia,  97. 

Wyoming.  58, 102. 
Work  of  the  U.  S.  Geological  Survey  on,  57, 

167, 168. 
General  paper: 

Methods  of  analysis,  57. 
Andoaite,  occurrence  of  waters  in,  456. 
AntloUnea.  relation  of  springs  to,  In  Wyoming, 

186. 
Arid  regions,  absorption  of  streams,  842. 
Arlkaree  formation,  occurrence  of  waters  in,  90, 

101. 
Ailsoiuu 

Absorption  of  streams,  127, 128,  468a. 

Brines,  616. 

Mine  waters,  468. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of,  462,  468,  463a,  465. 
Porosity  of  gravel,  288. 
Principal  Survey  publications: 

Irrigation  near  Phoenix,  106. 

Underground  waters  of  Gila  Valley.  VS. 

Underground  waters  of  Salt  River  Val- 
ley, 251. 

Water  rcNources  of  Salinas  Valley,  2(Xl 
Seepage,  106.  362. 
Seepage  ditches,  283. 
Springs: 

Analyses,  392. 

Descriptions,  127, 128,  290,  :i92,  428. 

Quality.  392. 

Temperature,  892. 

Use.  392,  406. 

Yield.  892. 406. 
Underground  waters: 

Circulation,  283. 

Composition,  25. 

Descriptions,  106.  282.  288,  465. 

Evaporation,  84. 

Experiments  on  motion,  283. 

Movements,  288. 
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Arlsonft— Continued . 
Welb: 

Capacity,  283. 

Composition,  283. 

Descriptions,  288,  846,  862,  463a,  465. 

Irrigation,  107,  282. 

Pumping.  106,  282,  283. 

Records,  283.  463. 

Statistics,  106. 

Tests,  283. 
Work  of  U.  S.  Geological  Surrey,  104,  471, 580. 


Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  pf,  5,  6, 11,  223,  564. 
Principal  Surrey  publication  (well  and  spring 

records),  446. 
Springs: 

Analyses,  59,  60.  892,  446. 
Descriptions,  1,  392,  446. 
Quality,  S92,  446. 
Temperature,  392,  446. 
Uses,  392,  406,  ^. 
Yield.  392.  406,  446. 
Underground  waters: 
Circulation,  5,  6,  IL 
Occurrence,  446. 
Wells: 

Analyses,  446. 
Descriptions,  446. 
QuaUty,  446. 
Becords,  446. 
Temperature,  95. 
Yield,  446. 
^Work  of  IT.  8.  Geological  Surrey,  167,471,  580. 
Artssian  requisites  and  conditions,  general,  45, 
138,  242,  245,  828.  383,  884,  437,  480,  481,  484,  488, 
500, 606,  561. 
Artesian  waters.    See  Underground  waters. 
Ait«Blaa  wells.    Bee  Wells. 
Atlantic  Coastal  Pl^.  general. 
Underground  waters,  8& 
Water  horizons,  86. 
WeUs,  86. 

Work  of  the  U.  S.  Geological  Survey,  572. 
Asores.  springs,  584. 
Banat,  occurrence  of  water  in,  569. 
BathlBc.  use  of  wells  and  springs  for,  148, 317, 426, 

487,594. 
Beddtnff  planes,  waters  In,  665. 
Benton  formation,  occurrence  of  water  in,  543, 

544,  545.  588. 
Berea  grit,  occurrence  of  water  in,  280. 
BibUoeraphlea  containing  references  to  under- 
ground waters — 
6eolog}%  78.  79,  80,  81,  85,  599,  600, 601,  602,603, 

604,  605.  606.  607,  609,  611. 
Groundwater  moTemc^ts,  499. 
Hayden,   King,    Powell,  and   Wheeler  sur- 
veys, 491. 
Irrigation  literature,  32. 
Survey  publications,  lists  of,  166,  227,  283,  577. 

578a,  581,  58^,  583. 
Underground  waters,  general,  484,  488,  677. 
Borinff.  methods  of.    See  Wells  and  borings,  con- 
struction. 


Boiinss.    See  Records;  also  Wells. 
Breathing  or  blowing  wells. 
Great  Plains,  214. 
Nebrsska,  14. 
Brines  and  salt  waters. 
Descriptions: 
Arizona,  616. 

California,  112, 184,  616,  619. 
Colorado,  616,  619. 
Dakotas,  616. 
Idaho,  112.  616. 
IlUnois,  619. 

Indiana,  379,  422,  619.      . 
Kansas,  213,  450,  619. 
Kentucky,  619. 
Louisiana,  226,  235. 

Michigan,  112,  280,  448,  451,  632,  616,  619. 
Minnesota,  560. 
Montana,  616,  619. 
Nebraska,  4, 14,  619. 
Nevada,  112,  616. 

New  York,  112,  448,  449,  450,  451,  616,  619. 
North  Dakota,  560. 
Ohio,  108,  879,  449,  616,  619. 
Pennsylvania,  525. 
South  Dakota,  102,  619. 
Tennessee,  619. 
Texas,  226, 229. 
Virginia,  181,  619. 
Western  Gulf  coast,  2. 
West  Virginia,  106,  449,  616. 
Wyoming,  4, 102. 
General: 

Brines  as  a  source  of  bromine,  111,  118. 
Brines  as  a  source  of  iodine,  109. 
Brines  as  a  source  of  potassium  salts,  120. 
Brines  as  a  source  of  salt,  381, 882, 388, 384, 

385,  386,  387,  388,  389,  616. 
Brines,  origin  of,  422. 
Brines,  chemistry  and  production  of,  51. 
Relations  of  salt  water  to  the  occurrence 
of  oil  and  gas,  150,  226^  525. 
Bromine  from  mineral  waters.  111,  118. 
Brul4  shale,  occurrence  of  water  in,  4, 90, 101. 
Oalaveras  formation,  occurrence  of  water  in,  554. 
Oallfbmla. 

Absorption  of  streams,  281. 

Brines,  112,134,616,619. 

Caves,  551,554. 

Geysers,  121. 

Mine  waters,  312. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formtion  of,  22,308,595. 
Principal  Survey  publications: 

development  and  application  of  water 
near  San  Bernardino,  Col  ton,  and  River- 
side. 321, 322. 
California  hydrography,  828. 
Irrigation  near  Bakers^eld,  187. 
Irrigation  near  Fresno,  188. 
Storage  of  water  on  Kings  River.  320. 
Water  storage,  Cache  Creek,  49. 
Water  supply  of  San  Bernardino  Valley, 
319. 
Pumping,  general,  365. 
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dalifomla— <;ontinaed. 
Seepage,  188, 320, 822. 
Solfataras,  121. 
Springs: 

Analyses,  68, 60, 308, 892, 477. 

Brine,  134. 

Composition,  22, 306, 392, 477. 

Deposits,  67, 121, 806, 477. 

Descriptions,  22, 106, 121, 184, 148,  170,  251, 

286, 307, 812, 819. 321, 392, 4d8, 477, 509. 
Failure,  533. 
Occurrence  on — 

Earthqualce  fissure,  477, 553. 
Faults,  477, 553. 
Temperature,  392. 
Thermal,  22, 121, 653. 
Uses: 

Bathing,  148. 
Jn1gation,477. 
Resorts,  406. 
General,  392. 
Yield,  892, 406. 
Tunnels,  collecting,  287, 323, 366. 
Underground  waters: 

Absorption  by  rocks,  286. 

Circulation,  32].. 

Composition,  320. 

Descriptions,  105, 188, 208, 287, 321, 347, 862. 

Movement  oX  underflow,  rate  of,  321. 

Occurrence: 

Delta  deposits  and  gravel  fans,  3*20, 

823. 
Stream  deposits,  208. 
General,  364. 
Ra]Bingof,322. 
Rise  of,  by  irrigation,  187. 
Temperature  due  to  igneous  action,  477. 
Work  of  solution,  651 ,  554. 
Water  horizons,  564. 
Wells: 

Brines,  112. 

Composition,  307,  320,  322. 
C/Onstruction,  258,  259,  378. 
Cost,  49. 

Descriptions,  208,  285,  307,  553. 
Discharge,  49,  251,  255,  819.  322,  378. 
Failure,  533. 
•      Irrigation,  49,  187,  208,  321. 

Penetration  of  sea  water  into,  509. 
Pumping,  49,  187,  208,  251,  820,  322,  365. 
Records,  208,  307. 
Statistics,  820,  322,  323. 
Temperature,  95. 
Work  of  U.  S.  Geological  Survey,  104, 471.  572. 
573,580. 
Oanada  (Manitoba),  wells  and  .springs,  560. 
Oanal  waters,  absorption  of,  in  New  York,  455. 
Oapacity  of  materials.    See  also  Porosity. 
Rocks,  277,  499,  500,  565. 
Sands,  362,  453,  456,  499,  500. 
Soils,  277,  362,  499,  500. 
Oapacity  of  springs  and  wells.    See  Discharge. 
Oarbonlferous  waters.   See  Underground  waterM, 

occurrence  of,  systems. 
Cascade  Mountains,  springs,  129. 
Catchment  conditions.    See  Artesian  requisites. 
Caves  and  caverns.     See  Solution,  caves  and 
caverns. 


Cave  waters,  deposits  of,  122, 263. 
Cementation  by  underground  waters,  622,566. 
Chadron  formation,  occurrence  of  water  in,  90. 
Channels.    See  Solution,  channels. 
Chattanooffa  shale,  occurrence  of  water  in,  272. 
Chemistry  of  undeiground  waters.    See  Compo- 
sition and  quality. 
Chesapeake  formation,  occurrence  of  water  in, 

86,87. 
Chester  Valley  limestone,  occurrence  of  water 

in,  16. 
Chlckles  quartzite,  occurrence  of  water  in,  16. 
Cinnabar,  deposits  uf,  from  springs,  23. 
Circulation  and    movements    of    undeiground 
waters. 
Causes: 

Capillarity,  277. 
Deformation,  277. 
Gravity,  277. 
Heat,  277. 

Rock  consolidation,  277. 
General.   See  Artesian  requisftes  and  con- 
ditions. 
Descriptions: 
Arizona,  283. 
Arkansas,  5, 6, 11. 
California,  321. 
Florida,  77. 
Minnesota,  296. 
Missouri,  11. 
Tennessee,  272. 
Washington,  505. 
Wyoming,  517. 
Fissures,  movement  of  water  in,  277. 
Limits  of  depth,  500, 561, 565. 
Porous  media,  circulation  in,  277. 
Principles  of  (see  also  Artesian  requisites),  11, 

45. 
General,  45,  843,  456,  499,  565,  622. 
Classification. 

Springs,  392,  406. 
Underground  waters,  802. 
Clinton  formation,  occurrence  of  water  in,  280. 
Collecting  ditches,  galleries,  and  tunnels.    See 

Structures. 
Colorado. 

Absorption  of  rainfall  by  rocks,  149. 
Absorption  of  streams.  175,  345. 
Brines,  616,  619. 
Caves  in  limestone,  141. 
Mine  waters: 
Analyses,  144. 
Composition,  144. 
Deposits,  144. 

Descriptions.  144,  318.  447,  461. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  undergnmnd  waters  in 
formation  of,  141,  142, 144,  414,  447,  460.  461, 
519. 
Principal  Survey  publications: 
Elmoro  folio,  244. 
Geology  of  Denver  Basin,  138. 
Irrigation  near  Greeley,  280. 
Pueblo  folio,  175. 
Spani.<)h  Peaks  folio,  246. 
Underground  waters  of  Arkansas  Valley, 
174. 
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Colormdo    Continned. 

Pitecipal  Surrey  publications— Continued. 

Walsenbui!K  folio,  245. 

Water  remnreea,  149. 
Seepage,  142, 149,  257.  345,  362. 
Settling  of  ground  due  to  ground  water,  326. 
Springs: 

Analyses,  60,  S92,  519. 

Composition,  75,  392.  516. 

Deponte,  137, 142,  447,  461.  516. 

D^criptions,  137.  141,  143.  244,  264,  357, 
382,  392,  461,  516. 

Gases  of,  516. 

Temperature.  392. 

Thermal,  187, 142, 357. 

Uses,  392. 

Yield.  392,  406. 
Tunnels,  drainage,  102. 
Undexground  waters: 

Anal  ynea,  174,461. 

Artesian  basins,  854. 

Association  with  oil,  150. 

Descriptions,  102, 106.  138, 174,244,256.257. 
354,437.  j 

Landslides  caused  by  ground  water,  75. 

Legal  decisions  relating  to,  30. 

Oocnrrenoe  in — 
Dune  sand,  174. 
Gravel,  174. 

Proqiects,  174. 

Work  of  soluticm.  141,  519. 
Wells: 

Analyses.  138. 

Construction,  methods  of,  245. 

Cost,  245, 345. 

Descriptions,  30. 150, 346, 357. 

Statistics,  345. 

Temperature,  95. 

Thermal,  150. 
Water  horizons,  174, 175, 244. 245, 246. 
Work  of  U.  8.  Geological  Survey.  104.173,328, 
430, 471, 572, 573, 574, 578. 
Gdnmbla  formation,  occurrence  of  water  in,  78. 

96,87.94,97. 
OomandM  Peak  formation,  occurrence  of  water 

in,240L  I 

Oompoattion  or  quality.    See  also  Analynes  and  | 

Springs. 

GasasBociated  with  ground  waters, 436. 516,565. 

Mine  waters,  Colorado.  144. 

Springs: 

Alabama,  382. 

Alaska.  392. 

Arizona.  392. 

Arkansas,  392-446. 

California,  22,  308.  392,  477. 

Colorado,  75.  392,  516. 

Connecticut,  183,  392. 

Dakotas,  392. 

Delaware,  392. 

Florida,  109.  892. 

Georgia,  327,  392. 

Idaho,  392. 

Illinois,  392. 

Indiana,  382. 

Indian  Territory,  392. 


Oontpositini  or  quality— Continued. 
Springs— Continued. 

Iowa,  392. 

Kansas,  892. 

Kentucky.  8B2. 

Louisiana,  892. 

Maine,  IS.  392. 

Maryland,  392. 

Massachusetts,  73, 892. 

Michigan.  71.  280.  392. 

Minnesota.  207. 892. 

Mississippi,  392. 

Missouri,  68,  392,  497. 

Montana,  146,  392.  59L 

Nebraska,  392. 

Nevada,  392,  477. 

New  Hampshire,  29,  892. 

New  Jersey.  392. 

New  Mexico,  392. 

New  York.  392,  610. 

North  Carolina,  392. 

Ohio,  392. 

Oregon,  392. 

Pennsylvania.  392. 

Porto'Rico.  241,  392. 

Rhode  Lsland,  74.  392. 

South  Carolina,  392. 

South  Dakota,  892,  S89. 

Tennetwee,  892. 

Texas,  392. 

United  States,  96,  96,  892. 

UUh,  392. 

Vermont,  392.  420. 

VliglnU.  392. 

Washington.  392. 

West  Virginia,  392. 

Wisconsin,'  392. 

Wyoming,  392. 

Yellowstone  National  Park,  178. 192, 194. 
199.  392.  434. 

General,  406. 
Wells  and  underground  waters: 

Alabama,  602. 

Arisona,  283. 

Arkansas,  446. 

CalifomU,  277,  307.  820. 

Connecticut,  183. 

Dakotas,  84. 

Florida,  169. 

Kansas,  213. 

Kentucky,  177. 

Louisiana,  164,  210. 

Massachusetts,  73. 

Michigan,  71.280. 

Minnesota.  207.  546. 

Mississippi,  266. 

Missouri,  497. 

Molokai,  314. 

New  Hampshire,  29. 

New  Mexico,  234,  429. 

New  York,  610. 

Ohio.  419. 

Rhode  Ifdand,  74. 

Tennessee,  176. 

Texas,  236,  242. 

Vermont,  420. 
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Oomposition  or  quality— Oontiniied. 
Oeneml  papers: 

Composition  near  trap  dikes,  478. 
Composition  in  relation  to  petrology,  487. 
General  composition  of  ground  waters, 
292,  293,  4M. 
Gonnectiout. 

Principal  Survey  publications: 
Additional  well  records,  48, 181. 
Well  and  spring  records,  188. 
Springs: 

Analyses,  188,  392. 
Descriptions,  183,  392. 
Occurrence  on  faults,  247, 600. 
Quality,  183,  392. 
Temperature,  188,  392. 
•Uses,  183,892,406. 
Yield,  183, 392, 406. 
Underground  water  conditions,  188. 
Wells: 

Analyses,  183. 
Cost,  48. 

Descriptions,  48, 181, 183. 
Quality,  183. 
Temperature,  183. 
Uses,  183. 
Yield.  48, 181, 188. 
Work  of  U.  8.  Geological  Survey  167,  580. 
Oontaminatioxi. 
Springs,  500. 
Wells,  494,  600,  609. 
CSomiferoua  limestone,  occurrence  of  water  in,  880. 
Ooraioana  formation,  occurrence  of  water  In,  242. 
Cost  of  pumping,  etc.,  320,  366. 
Oost  of  wells. 
California,  49. 
Colorado,  345. 
Connecticut,  48. 
Kansas,  345. 
Massachusetts,  47. 
Nebraska,  345. 
Coves.    See  Solution,  Coves. 
Oraterleta  formed  by  underground  waters  during 

Charleston  earthquake,  130. 
Cretaoeous  waters.    See  Underground  waters,  oc- 
currence of,  systems. 
Crystalline  rocks,  occurrence  of  water  in,  818. 
Dakotas.    See  alno  North  and  South  Dakota. 
.\rtesian  conditions,  84. 
Brines,  616. 
Principal  Survey  publications: 

Art4>«)ian  watera  of  a  portion  of  the  Da- 
kotas, H4. 
Springs: 

Analyses,  392. 
Descriptions,  392. 
Quality,  392. 
Temperature,  392, 
Uses,  392. 
Yield,  392. 
Underground  waters: 
Composition,  H4. 
Irrigation,  84. 
Power,  use  for,  84. 
Pressure  and  head,  84. 
Volume,  84. 
Well  construction,  84. 
Work  of  U.  8.  Geological  Survey,  471. 


3>akota  sandstone,  occurrence  of  water  In.  84,90, 
91, 93, 96, 100, 101, 178, 174, 175, 212, 213, 244, 245, 246, 
854, 600, 689, 542, 648, 544, 660, 613. 
Beoay  of  rock  due  to  percolating  waters.  478. 
Delaware. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Springs: 

QuaUty,  392. 
Use,  892. 
Water  horizons,  86. 
Wells: 

Descriptions,  86. 
Prospects,  86. 
Records,  77. 
Temperature,  86. 
Delta  deposits,  occurrence  of  water  in,  820. 
DeulBon  formation,  occurrence  of  water  in,  242. 
Deposits  by  underground  water»— 
Cave  waters: 
Texas,  286. 
Utah,  146. 
General,  122. 
Ground  waters: 

Crusts  by  evaporation  of,  494. 
Unde^grounddepodtion  of  gypsum,  Kan* 

888,184. 

Mine  waters,  Colorado,  144. 
Springs: 

Cinnibar,  28. 
Salt,  666. 
Sulphur: 

Alaska,  70. 
California,  121. 
Wyoming,  201. 
Tufa,  travertine,  siliceons  sinter,  etc.: 
California,  808, 477. 
Colorado,  187, 447, 461, 516. 
Georgia,  48. 
Idaho,  811. 
Indiana,  159, 162. 
Montana,  145, 261, 588, 689, 695. 597. 
Nebraska,  103. 
Nevada,  7,476,621. 
North  Dakota,  688. 
Oregon,  813, 427. 
South  Dakota,  108,588. 
Texas,  260. 
Wyoming  and  Yellowstone  National 

Park,  137, 192, 196, 194, 199, 584, 587. 
General,  590. 
Well  incrustations,  Pennsylvania,  55. 
General  papers: 

Antiquity  of  geyser  and  hot  springs  of 

Yellowstone  National  Park,  199. 
Exhibit  of  hot  spring  dept^its  at  the  Chi- 
cago World's  Pair,  198. 
Mud  cones,  Rhode   Island  and   HaANa- 

chu.«ictts,  626. 

Theoretical  structure  of  spring  deposits* 

as  compared  with  deposits  of  Lake  La- 

honton,  474. 

Devonian  limestone,  occurrence  of  water  in.  .Vifi. 

Devonian  waters.    See  Underground  watere,  <m^ 

currence  of,  systems. 
Discharge. 
Springs: 

Decrease  of,  Geoigia,  106. 
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iMBctaMtf*»— Continued. 
Springs— Continued. 
Measurements: 

Alabama,  201. 

Florida,  20S. 

GeoiKia,  111,  202.  268,  827. 

Nebraska,  254. 

Texas,  282,  254,  257,  260,  847,  857,  872, 
892,  586,  537,  568,  572. 
StatisUcs: 

Alabama,  892,406. 

Alaska,  392. 

Arizona,  892. 

Arkansas,  892,446. 

California,  406. 

Colorado,  892. 

Connecticut,  183,  392. 

Dakotas,  392. 

Delaware,  892. 

Florida,  169.  203,  392. 

GeoxKia,  202,  327,  392,  406. 

Idaho,  892,  406. 

BUnois.  892,  406. 

Indiana,  892,  406. 

Indian  Territory,  892, 406. 

Iowa,  892,  406. 

Kansas,  892,  406. 

Kentucky,  892,  406. 

Louisiana,  892,  406. 

Maine,  18,  392,  406. 

Maryland,  892,  406. 

MasBactausetts,  73,  892,  406. 

Michigan,  71,  892,  406. 

Minnesota,  207, 892, 406. 

Miarissippi,  892. 406. 

Missouri,  392,  406,  497. 

Montana,  892,  406. 

Nebraska,  406. 

Nevada,  392. 

New  Hampshire,  29,  892,  406. 

New  Jersey,  892,  406. 

New  Mexico,  892,  406. 

New  York,  892,  406,  610. 

North  Carolina,  392,  406. 

Ohio,  406. 

Oregon,  802. 

Pennsylvania,  406. 

Rhode  Island,  78,  892,  406. 

Bouth  Carolina,  406. 

South  Dakota,  406. 

Tennessee,  892,  406. 

Texas,  872,  892,  406. 

Utah,  392,  406. 

Vermont,  392.  406,  420. 

Virginia,  392.  406. 

Washington.  392,  406. 

West  Virginia.  392,  406. 

Wisconsin,  892,  406. 

Wyoming,  392. 

Yellowstone  National  Park,  392. 
Wells: 

Decrease  of: 

Calif  omU,  538. 

6eoEgia,106. 

Illinois,  19. 

Kansas,  846. 

South  Dakota,  545. 

Qenetal,  45,  fioa 


Discharge    Continued. 
Wells— Continued.  • 
Failure,  45. 

Fluctuations,  210.  • 

Measurements,  277,  600. 
Regulation  of.  484. 
Statistics: 

Alabama,  502. 
Arizona,  288. 
Arkansas,  446. 
California,  255.  258. 
Connecticut,  48, 181, 183. 
Dakotas,  84. 

District  of  Columbia,  94. 
Delaware,  86. 
Florida,  169. 
Georgia,  827. 
Kentucky.  177. 
Maine.  18. 
Maryland,  86. 
Massachusetts,  47,  78. 
Michigan,  71. 
Minnesota,  207,  546. 
Mississippi,  266. 
Missouri,  497. 
New  Hampshire,  29. 
New  Jersey,  86. 
New  York,  610. 
North  Carolina,  86. 
Rhode  Island,  78. 
South  Carolina,  86. 
United  States,  95,  96. 
Vermont,  420. 
Virginia,  86. 
Waiihington,  869. 
General,  45,  277,  500. 
District  of  Columbia. 

Mineral  waters,  production  of.    See  Mineral 

vater. 
Principal  Survey  publications: 

Artesian-well  prospects  In  the  Atlantic 

Coastal  Plain,  86. 
Washington  folio,  94. 
Underground  waters,  86,  94,  385. 
Water  horizons,  86,  94. 
Wells: 

Descriptions,  86,  94. 
Records,  86-94. 
Temperature,  86. 
Work  of  U.  8.  Geological  Survey,  574,  576. 
Dolomite,  occurrence  of  water  in,  5. 
Dolomitlaation  by  underground  waters,  519. 
Drift,  occurrence  of  water  in,  9, 162,  249,  300,  301, 

802, 303, 304, 305, 380, 547. 
Drilling,  methods  of.    See  Well  conHtruction. 
Dune  sands,  occurrence  of  water  In,  174. 
Bdwards  limestone,  occurrence  of  water  In,  239, 

240,  242,  243,  569. 
Snlarffement  of  quartz  grains  by  underground 

waters,  263. 
Xrie-Ohio  Bat^In. 

Underground  waters  and  wells,  306. 
Bxperlments. 

Flow  of  water  in  porous  media,  277,  499,  600. 
Motion  of  underground  waters  in  Arizona,  283. 
Faults,  relation  of  Hprings  to. 
California,  477,  553. 
Connecticut,  347,  500. 
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Faulto.  relation  of  springs  to— Continued. 
Idaho,  908. 
Nevada,  476. 
Oregon,  475. 
Texas,  239,  240,  569. 
Utah,  170. 
Vaults,  relation  of  wells  to,  Massachusetts,  140. 
Ferratlon  by  underground  waters,  519. 
Filtration,  natural,  during  absorption  of  water, 

452. 
FiBsillty,  relation  of  waters  to,  565. 
FluuroB. 

Absorption  of  water  by,  284. 
Movement  of  water  in,  277. 
Relation  of  spring  to: 
Nevada,  476. 
Texas,  239,  240,  569. 
Waters  of,  239,  277,  284,  480. 
Florida. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publications: 

Measurement  of  springs  in  Florida,  208. 
Well  and  spring  records,  169. 
Sinks,  77. 
Springs: 

Analyses,  169,  392. 
Descriptions,  77, 169,  203,  392. 
Measurements,  203. 
Quality,  169,  392. 
Temperature,  169,  392. 
Thermal,  434. 
Uses,  169,  392. 
Yield,  169,  202,  392,  406. 
Wells: 

Analyses,  61, 169. 
Descriptions,  169. 
Quality,  169. 
Records,  77, 169. 
Temperature,  96-169. 
Uses,  95, 169. 
Yield,  169,  203. 
Underground  waters: 
Circulation,  77. 
Conditions,  169. 
Temperature,  484,  485. 
Work  of  solution,  77. 
Work  of  U.  S.  Geological  Survey,  167,  439,  580. 
FluotuationB  of  ground-water  level. 
Barometric  pressure,  effect  of,  565. 
('auses  of,  in  Nebraska,  528. 
Descriptions  or  dii^cussions: 
Nebraska,  14,  528. 
South  Dakota,  540. 
General,  456,  565. 
Folds,  relation  of  springs  to,  136. 
Galena  formation,  oc^eurrencc  of  water  in,  332, 556. 
OtLBBB  of  underground  waters.    See  Composition. 
Georgia. 

Mineral  waters,  procluction  of.    Sec  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of,  218, 225, 228, 230, 231. 
Principal  Survey  publications: 
Measurement  of  springs,  202. 
Water-supply,  well,  and  spring  records. 
327. 


Georsia^-Continued. 
Springs: 

Analyses,  327, 392. 
Descriptions,  105,327,392. 
Deposits,  827. 

Measurements,  111,202,268,827. 
Quality,  327,392. 
Temperature,  392. 
Uses,  327,892,406. 
Yield.  202, 327. 392, 406. 
Underground  water  conditions,  327. 
Water  horlsons,  86. 

Water  supplies  from  u  nderground  sonices,  327. 
Wells: 

Analyses,  69, 327. 
Descriptions,  86. 327, 500. 
Irrigation  from,  362. 
Pumping  from,  362. 
Quality,  327. 
Records,  86. 
Temperature,  95. 
Yield,  202.327. 
Work  of  U.  S.  Geological  Survey,  167,471,100. 
Gerlnff  formation,  occurence  of  water  in,  90. 
Geysers. 

California,  121. 
Iceland,  21. 

Yellowstone  National  Park: 
Action  in,  192, 193, 194, 195. 
Antiquity  of  action,  199. 
Changes  in  action,  434. 
Deposits,  exhibit  of,  at  Chicago  World's 
Pair,  198. 
Work  of  U.  S.  Geological  Survey,  189, 190, 192. 
193, 194, 195,  196. 
Geyser  action. 

Work  of  U.  S.  Geological  Survey  on,  190, 191. 
Glen  Rose  formation,  occurrence  of  water  in,  242, 

569. 
Granite,  absorption  of  water  by,  284. 
Granite,  occurrence  of  water  In,  310. 
Gravel,  absorption  of  water  by,  in  Massachusetts. 

493. 
Gravel,  occurrence  of  water  in,  174,  283,  328. 
Great  Plains. 

Principal  Survey  publications: 

Water  resources  of  a  portion  of  the  Great 
Plains,  214. 
Springs,  214. 
Water  horizons,  214. 
Wells: 

Blowing,  214.         * 
Irrigation  from,  72. 
I\implng  from,  72. 
Temperature,  21 1. 
Work  of  U.  8.  Geological  Survey,  577. 
Grotind  water.    See  Underground  waters. 
Head,  general  discussions  of,  45, 600. 
Head,  influence  of  heat  on,  665. 
Health,  relation  to  deep  wells,  578. 
Heating,  use  of  springs  for,  487. 
Healinff,  use  of  wells  for,  487. 
Hlffh  Plains. 

Principal  Survey  publications: 

High  plains  and  their  utilixation,  267, 268. 
Sinks,  267. 
Springs,  267. 
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H!«h  Plain*— Continued. 
UndeiKitiund  water: 

Catchment  condltlona,  267. 
Descriptions,  267,  268. 
Work  of  solution,  267. 

Water  horiaons,  267. 
WellK 

Gonrtiuction,  267. 

Description,  267. 

Work  of  r.  &  Geological  Survey,  361. 

Hot  springs.    See  Spring*. 

Hudaon  River  shales,  occurrence  of  water  in,  566. 

BydTologlc  work  on  underground  wateni.  In- 
cluding analyses.    (See  also  State  entries. ) 
Individuals: 

Ainsworth,  F.  H..  575. 
Alden,  W.  C,  580. 
Andeison,  J.  A..  167. 
Baboock,  E.  J.,  574,575. 
Barbour,  E.  H.,  104.573,574,578. 
Bayley.W.S.,  167,580. 
Benton,  8.  a,  547. 
Bontwell,  J.  M.,  167,560. 
Oslkins,  F.  C,  578. 
Cbatard.  T.  M.,  61. 
Clarke,  F.  W.,  56,59,  60,  6S,  64. 
Coffin,  F.  F.  B.,  349. 
Condia,  O.  £..  104.  580. 
Cooper,  W.  F.,  167,  680. 
Crosby,  W.  O.,  167,580. 
Darton,  N.  H.,  104.  349,  358,  357.  861.  876, 
572,  578,  574,  575,  576,  577,  578,  578a,  580. 
Eakins,  L.  6.,  60. 
Ffeher,  C.  A.,  104,  580. 
Fuller,  M.  L.,  167. 580. 
Gilbert,  G.  K.,  354,  571.  573. 
Glenn,  L.  C,  167,  580. 
Gooch,  F.  A.,  57,  58,  65.  189,  190.  191,  192. 

1M,432. 
Gould,  C.  N.,  104.  580. 
Gregory,  H.  E.,  167,  580. 
Hague,  Arnold,  578a,  580. 
Hall,  C.  M.,  104,  677,  578,  578a,  560. 
Hall.  C.  W.,  167.  580. 
Hallock.  WUliam.  ISO,  574,  578. 
Harris.  G.  D.,  167. 
Hayworth,  Erasmus,  574. 
Hillebrand,  W.  F.,  62. 
Hills,  R.  C.  574,  575. 
Hill,  B.  T.,  672,  573,  574,  576,  5T7. 
Hocuses,  R.  &,  167. 
Holllck,  Arthur,  167. 
Homer,  Hamlin,  580. 
Hood,  O.  P.,  574. 
Howard,  B.  S.,  62. 
Johnson,  L.  C,  167,  580. 
Johnson,  W.  D.,  861,  368,  574. 
Keyes,  C.  K,  104. 
Knapp,  G.  N.,  167,  580. 
Ia  Forge,  Laurenoe,  580. 
landes,  Henry,  104. 
Lane,  A.  C,  574,  575. 
Lawson.  A.  C,  572,  573. 
Lee,  W.  T..  104,  580. 
Leverett,  Frank.  349, 369,  572, 578,  574,  575, 

578. 
Idndgren,  Waldemar,  580. 
Lord,  L.  G.,  167. 


Hydrolotfio  work  on  underground  waten.  In* 
eluding  analyses— ^''ontinued. 
I  ndi  vidual8--ron  tinucd . 
Lovelace,  B.  F.,  Ifi7. 
McCallie,  8.  W..  167.  580. 
Mendenhall.  W.  C,  104.  680. 
Murphy,  E  C,  574. 
Newell,  F.  H.,  440,  hTi. 
Norton,  W.  U.,  167,  580. 
O'Harra.  C.  C.  104.  577,  578.  580. 
Orton,  Edward,  358. 
Palmer,  A.  W..  862. 
Peale,  A.  C.  189.  216.  217.  430.  438,  440. 
Perkins,  G.  H..  167.  6W). 
Phinney,  A.  J..  330. 
Purdue.  A.  H.,  167,  580. 
Redmond,  Charles  W.,  898. 
Richardson,  G.  B.,  104,  580. 
Riggs,  R.  B.,  65,  56,  59,  60. 
Russell,  I.  C.  104,  441.  578,  580. 
Shepard,  £.  M.,  167,  580. 
Shultz.  A.  R.,  167,  680. 
Siebenthal,  C.  £.,  io4. 
Sitchell,  W.  A..  577. 
Slichter,  C.  S.,  167,  578.  578a,  680. 
Smith,  E.  A.,  167,  580. 
Smith,  G.  O.,  167,  580. 
Smith,  W.  8.  T„  578. 
Todd,  J,  £.,  104,  577,  578,  578a,  580. 
Vaughan,  T.  W.,  574. 
Veatch,  A.  C,  167,  580. 
Washburn,  W.  C,  167. 
Weed.  W.  H.,  189,  192.  198,  194,  196,  196, 

577,  578a. 
Weeks,  F.  B.,  167,  580. 
Whitfield,  J.  £.,  65,  57.  58,  60,  65, 191,  192, 

194,432. 
WUder,  F.  A.,  104. 
Willard,  D.  £.,  104,  580. 
United  States  Geological  Survey: 

Analyses,  collection  of.  by,  167,  168. 
Artesian  waters,  work  on,  335,  844, 353, 355, 

357,  572. 
Bibliography  of  springs,  430. 
Composition  of  underground  waters,  471. 
Division  of  hydrology,  work  of,  167,  471, 

580. 
Drift,  work  on  waters  of,  572. 
General  hydrologic  work,  673, 574, 575, 577. 
Health,  relation  of  deep  wells  to,  578. 
Mineral  waters: 

Eleventh  Census.  399.  400. 
Publications,  395,  396,  397,  400,  401. 
General,  395,  396,  397. 
Spring  data,  collection  of,  167,  168. 
Spring  w^teni,  189. 

Underground  waters  in  general,  see  also 
under  States,  104,  166, 167,  173,  350,  353, 
354,  355,  857,  361,  362,  375.  376,  471,  572, 
578,580. 
Water-supply  data,  collection  of,  167, 168. 
Well  data,  collection  of,  167, 168,  335. 
Xoeland. 

Geysers,  21. 
Springs,  584. 
Idaho. 

Brines,  112,  616. 

Mineral  waters,  production  of.    See  Mineral 
waters. 
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Idalio-^CJontlnued. 

Ore  deposits,  part  of  andezsround  waters  in 

formation  of,  811. 
Principal  Survey  pablications: 

Artesian  basins  of  southwestern  Idaho 

and  southeastern  Oregon-,  386,387,388. 
Geology  and  water  resources  Nez  Perce 

County,  383,384. 
Geology  and  water  resources  of  Snake 

River  Plains,  486. 
Nampa  folio,  816. 
Silver  Oily  folio,  816. 

Water  resources  of  southeastern  Idaho, 
482. 
Seepage,  105. 
Springs: 

Analyses,  892. 

Deposits,  811. 

Descriptions,  284,  310,  811,  317, 892,473,482, 

483,484,487,488,528,624. 
Occurrence  on  faults,  308. 
Quality,  392. 
Temperature,  316,392. 
Thermal,  311. 
Uses: 

Irrigation,  310,374. 
Resorts,  406. 
General,  892. 
Work  of,  alteration  of  granite,  811. 
Yield,  392,  406. 
Thermal  springs: 
Composition,  310. 
Descriptions,  309,  316,  316,  588. 
Underground  waters: 

Descriptions.  864,  482,  488, 484, 485, 487, 488. 
Occurrence  In: 

Fissures  in  granite,  284. 
Lava  beds.  473,  482,  483. 
Uses,  487. 

Work  of,  solution  basins,  483. 
Water  horizons,  310. 
Wells: 

Brine,  112. 

Descriptions,  315,  316,  346,  483,  488. 
Discharge,  regulation  of,  484. 
Records,  315. 
Temperature,  95. 
Thermal,  310. 
Uses  for  irrigation,  357. 
Work  of  U.  S.  Geological  Survey,  676,  5S0. 
Ismeoua  intrusions,  relation  of  thermal  .springs 

to,  145,  586,  595. 
IffneouB  rocks,  occurrence  of  water  in,  312. 
niinoia. 

Artesian  conditions,  302. 

Brines,  619. 

Mine  waters,  12. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of,  12, 13. 
Principal  Survey  publications: 
Chicago  folio,  9. 
DauA'illc  folio,  sa*). 
Patoka  folio,  mi. 
Water  resources  of  Illinois,  300. 
Rainfall,  300. 


ZUlnoia— Continned. 
Springs: 

Analyses,  60.  392. 

Descriptions,  892. 

Quality,  392. 

Temperature,  892. 

Uses,  892,  406. 

Yield.  392,  406. 
Undeigxoiind  waters: 

Analyses,  300. 

Classification,  802. 

Decrease  in  flow,  9. 

Descriptions,  800. 

Occurrence  of— 
Drift.  9,  800,  805. 
Potsdam  sandstone,  9. 
St.  Peter  sandstone,  9. 
General.  487. 

Use  for  public  supplies,  801. 
Water  horizons,  566. 
Wells: 

Descriptions,  802. 

Occurrence  in- 
Carboniferous  rocks,  162. 
Drift,  87, 162. 

Records,  9,  87. 

Temperature,  95. 
Work  of  U.  S.  Geological  Survey,  3©,  578. 
India.* 

Absorption  of  streams,  621,  624. 
Pumping  underground  waters,  621.  024. 
Seepage,  621,  624. 

Wells  used  for  irrigation,  550,  621,  624. 
Indiana. 

Artesian  conditions,  806. 

Brines,  879,  422,  619. 

Mineral  water,  production  of.    See  Mineral 

waten. 
Principal  Survey  publications: 

Chicago  folio,  9. 

Danville  folio,  805. 

Patoka  folio.  162. 

Water  resources  of  Indiana  and  Ohio. 
301. 

Wells  of  northern  Indiana,  303. 

Wells  of  southern  Indiana,  804. 
Springs: 

Analyses,  392. 

Deposits,  159, 162. 

Descriptions,  161, 162,  801,  892. 

Quality,  892. 

Temperature,  392. 

Uses,  392,  406. 

Yield,  892,  406. 
Underground  waters: 

Analyses,  301. 

Descriptions,  801. 

Occurrence  in:  , 

Drift,  301,  803,  304,  805. 
Rock,  301. 

Subterranean  drainage,  801. 

Use  for  water  supplies,  301. 

Water  horizons,  379,  422. 
Wells: 

Brines,  379. 

Decrease  of  flow,  9. 

Descriptions,  9,  37,  3^8.  304.  :i0ft. 
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Tintimm    Conttnaed. 
Welb—Continued. 
Occurrence  in: 

Carboniferooa  roclu,  162. 
Drift,  162. 
Becordfl,  37, 168.  150,  308.  304.  806.  422. 
Work  of  U.  S.  QeoIoKical  Surrey.  380,  674,  576. 
Indiaii  Territ<^y. 
Sfkringi: 

Description,  882. 
Qnalitr.  882. 
Temperature,  882. 
Use.  892. 
Yield,  392. 
Infliumttoa  works,  481. 
lostromento  for  meafluiing  underflow,  600. 
latarfltowBoe  of  wellA,  277,  498,  500,  540. 
intenninaatitreains.  See  Absorption  of  streftnu. 
lodiiM  from  minesal  waters,  108. 
Iowa. 

CkTeniB,888. 

MineiAl  waters,  production  of.    See  Mineral 

wmten. 
Ore  deposf  ta,  part  of  underground  waters  in 

fonnation  of,  888. 
Springs: 

Analyses,  882. 
Descriptions,  88S. 
Quality,  382. 
Temperature,  382. 
Uses,  892, 406. 
Yield,  892,  406. 
Underground  waters: 
Descriptions,  807,  838. 
Work  of  solution,  832. 
Water  horixon.  Galena  limestone,  832. 
Wells: 

Analyses,  56. 
Records,  31,  832. 
Temperature,  96. 
Work  of  U.  S.  Geological   Surrey,  167,  439, 
5H0. 
Inlfatkm,  use  of  wells  and  springs  for.    See  Uses 

of  underground  waters. 
John  Day  formation,  occurrence  of  water  in,  480. 
Joints,  relation  of  springs  to,  in  Texas,  568. 
Jointa,  waters  in,  5^. 


Abiorptlon  of  streams,  218. 

Brines.  213,  450,  619. 

Mineral  waters,  production  of.    See  Mineral 

waten. 
Ore  deposits,  part  of  underground  waters  in 

formation  of,  510. 
Principal  Surrey  publication: 

Underground    waters    of    southwestern 
Kansas,  212. 
Sinks,  215. 
Springi: 

Analyses,  392. 

Descriptions,  184,  212.  2L5,  892,  445,  489. 

QoaUty,  892. 

Temperature,  392. 

Ufies: 

Power,  215. 
Resorts.  406. 
General,  392. 
Yield,  392,  406. 


Tan— s    Continued. 
Underground  waters: 

Deposition  of  gypsum  by,  184. 

Descriptions,  212,  380.  881,  487. 

Methods  of  locating.  212. 

Work  of  solution,  215. 
Water  horisons.  212,  218,  215b 
Wells: 

Brines,  450. 

Composition,  218. 

Cost,  846. 

Descriptions,  218,  388, 888,  846,  480. 

Mineral,  215. 

Problems,  579. 

Prospects,  212. 

Pumping  from,  876. 

Statistics,  345. 

Use  for  irrigation.  212. 
Work  of  U.  S.  Geological  Survey,  104,  489,  440 
574,  578.  580. 


*    Brines,  619. 

Caves,  sinks,  and  channels,  84.  35,  667. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of.  511. 
Principal  Survey  publications. 

Well  records.  177. 
Springs: 

Analyses,  892. 
Descriptions,  84.  85.  892. 
Quality.  392. 
Temperature,  392. 
Uses,  892,  406. 
Yield,  892,  406. 
Underground  water  conditions,  177. 
Underground  water,  solution  by.  34,  35,  320. 
Wells: 

Analyses.  61, 177. 
Descriptions,  177. 
Quality.  177. 
Records,  177. 
Uses,  177. 
Yield,  177. 
Work  of  U.  S.  Geological  Survey,  167,  580. 
Bines  dolomite,  occurrence  of  water  in,  269,  270, 

271,  272.  273. 
lAiayette  formation,  occurrence  of  water  in,  78, 
86,87. 

supplied  from  wells,  89. 
Superior  district.    Si>c  alMo  Minnesota,  Win- 
consin,  and  Michigan. 
Ore  deposits,  part  of  underground  waters  in, 
formation  of,  297,  568. 
Ijakota  formation,  occurrence  of  water  in,  93, 102, 

108. 
I«aramie  formation,  occurrence  of  water  in,  90, 

101. 
Iiava,  absorption  of  water  b> :  , 

Arizona,  428. 
Idaho.  473. 
Oregon,  289. 
Zjava,  occurrence  of  water  in,  105,  473,  480,  481, 

482,483. 
Iiaws  relating  to  underground  waters: 

Laws  authorizing  nrtesitin  Invi'stiKiitlons,  37J. 
Laws  governing  nrtfsiaii  investigation8.572. 
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relating  to  underground  waters— Ck>nt'd. 
Laws  needed,  488. 

Laws  on  underground  waters,  179,  248. 
Legal  decisions,  30. 
lieona  formation,  occurrence  of  water  in,  668. 
liiinMtone,  absorption  of  water  by: 
New  York,  455. 
Montana,  461. 
UmMtone,  occurrence  of  water  in,  6. 
iiower  magnesian  limestone,  occurrence  of  water 

in,  556. 
Ijotilslaiia. 

Brines,  226,  235. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  survey  publications: 

Rice  irrigation  in  southern  Louisiana,  165. 
Underground  waters  of  southern  Louisi- 
ana, 210. 
Water  supplie?  from  wells  in  southern 
Louisiana,  164. 
Springs: 

Descriptions,  392. 
Quality,  392. 
Temperature,  892. 
Uses,  392,  406. 
Yield,  392,  406. 
Underground  waters: 

I>e8criptions,  164,  210,  226. 
Origin.  210. 

Use  for  water  supplies,  164. 
Water  horizons. 
Wells: 

Analyses,  210. 

Construction  and  drilling.  210,  226. 

Descriptions,  164,  165,  226. 

Discharge,  variations  in,  210. 

Pumping  from,  210. 

Quality,  164,  210. 

Records.  210,  226. 

Temperature,  95, 165. 

Thermal,  226. 

Uses: 

Irrigation,  165. 
Public  supplies,  164. 
Work  of  U.  8.  Geological  Survey,  167,  471,  572, 
580. 
Kachlnery.  pumping.    See  Pumping  machinery. 
Maine. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  survey  publication: 

Well  and  spring  records,  18. 
Springs: 

Analyses,  18,  392. 
Descriptions,  18,392. 
Erosion  by,  524. 
Quality.  18,  392. 
Temperature,  18,  392. 
Uses,  18,  392, 406. 
Yield,  18.  392,  406. 
Underground  water  conditlomt,  18. 
Wells: 

Analyses.  18.    . 
Descriptions,  18. 
Temperature,  18, 


Kalne— Continued. 
WellfK-Continued. 
Uses,  18. 
Yield,  18. 
Work  of  U.  8.  Geological  Survey,  167,  580. 
Mambull  sandstone,  occurrence  of  water  in,  280. 
Xaxyland. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  survey  publications: 

Artesian  water  prospects  in  the  Atlantic 

Coastal  Plain,  86. 
Nomini  folio,  87. 
Washington  folio,  94. 
Springs: 

Analyses,  892. 
Description,  65,  892. 
Quality,  392. 
Temperature,  392. 
Uses,  392,  406. 
Yield,  392,  406. 
Underground  waters,  description,  78.  86.  87 

94,  320,  335. 
Water  horizons,  86,  87.  94,  574,  676. 
Wells: 

Descriptions,  86, 87,  94. 
Records.  86,  94. 
Temperature,  86. 

Maasachuaetta. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  survey  publications: 

Additional     well     records     in     Massa- 
chusetts. 47. 
Well  and  spring  records,  73. 
Springs: 

Analyses,  73. 139,  392. 
Descriptions,  73, 139,  392,  492,  498.  496.  626. 
Quality.  73.  392. 
Temperature,  73.  892. 
Uses,  73,  392,  406. 
Yield,  73,  392,  406. 
Underground  water  conditions,  73,  49S. 
Wells: 

Analyses,  61,  73, 140. 
Cost,  47. 

Descriptions,  47,  73,  496. 
Occurrence  on  faults.  140. 
Quality,  73. 
Records,  73, 139,  627. 
Temperature.  73. 
Uses,  73. 
Yield.  47,  78. 
Work  of  U.  S.  Geological  Survey,  167,  580. 
Matawan  formation,  occurrence  of  water  in.  16. 

86. 
Keasurement  of  discharge  of  wells  and  springs. 

Sec  Discharge. 
Keastirement  of  underflow,  500,  578. 
Measurement  of  underflow,  instruments  for.  tXK). 
Medina  .sandstone,  occurrence  of  water  in,  380. 
Metamorphism  by  underground  waters,  565. 
Michiffan. 

Absorption  of  streams  by  limestone.  871. 
Absorption  of  water  by  sinks,  364. 
Brines,  112,  280,  448,  451,  582,  616,  619. 
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Xicbigui— Oontiiiiied. 
Mine  waters,  67. 
Mlneial  watezB,  production  of.    See  Mineral 

waten. 
Ore  depoiits,  part  of  underground  waters  in 

formation  of,  17,  66,  67,  299.  515.  662. 668. 
Principal  Survey  publications: 

Lower  Mlchis^  mineral  waters,  280. 
Water  resources  of  the  lower  peninsula, 

279. 
Well  and  spring  records,  71. 
Sinks,  864. 
Springs: 

Analyses,  71,  280,  892. 
Descriptions,  71, 892. 
Quality,  71,  892. 
Temperature,  71,  892. 
Uses,  71, 892,  406. 
Yield,  71,  406. 
Underground  waters: 
Chemistry,  280. 
Descriptions.  71,  279,  280,  STL 
Economic  yalue,  280. 
Temperature,  279. 
Uses,  279. 

Work  of  solution,  364. 
Water  horixons,  279,  280. 
Wells: 

Analyses,  71,  280. 
Descriptions,  71. 
Quality,  71. 
Becords,  71. 

Temperature,  71,  95,  279. 
Uses,  71. 
Yield,  71. 
Work  of  U.  8.  Geological  Survey,  167,  279,  280, 
574, 676,  578,  680. 
Mhiwakahta  formation,  occurrence  of  water  in, 

96,108. 
Wnnalnaa  formation,  occurrence  of  water  in,  93. 
Xiaa  waters. 

Deposits,  Colorado,  144. 
Descriptions: 
Arizona,  468. 
California,  812. 
Colorado,  144,  818,  447,  461. 
Illinois,  12. 
Michigan,  67. 
Minnesota,  296. 
Nevada,  19, 20, 324. 
Pennsylvania,  88, 294. 
Utah,  26,  27,  28,  549. 
Vermont,  598. 
Wyoming,  517. 
Use  for  water  supply,  26,  27. 
Wnaral  waters. 

Bibliography,  216.  217. 
Economic  products  of: 
Bromine,  HI,  118. 
Iodine,  109. 
Potassium  salts,  120. 
Production  in  the  United  States,  113. 114, 116, 
116, 119, 390, 891, 898, 894, 895, 898, 402, 403, 404, 
406, 407, 409, 410, 411, 412, 413. 414, 415, 416, 417, 
481, 482, 488, 4S4, 436, 488, 439, 441, 572, 578, 574, 
K5,  S76,  977,  578,  578a,  560,  618,  620. 
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Brines,  560. 

Mine  waters,  296 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  undeiground  waten  in 

formation  of,  69,  296,  568. 
Principal  Survey  publications: 

Well  and  spring  records,  207. 

Well  records  in  Lyon  County,  546. 
Springs: 

Analyses,  207,  892. 

Descriptions,  207,  392,  560. 

Quality,  207, 392. 

Temperature,  207,  892. 

Uses,  207,  892,  406. 

Yield,  207,  892,  406. 
Underground  waters: 

Circulation,  296. 

Descriptions,  207,  487. 
Wells: 

Composition  and  quality,  207,  546. 

Descriptions,  207,  546,  660. 

Records,  207,  546,  569. 

Temperature,  95. 

Uses,  207. 

Yield,  207,  546. 
Work  of  U.  S.  Geological  Survey,  167,  471, 
580. 
Xiooene  waters.   See  Undeiground  waters,  occur- 
rence of,  systems. 
Xisslssippl. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publication: 

Well  records,  266. 
Springs: 

Analyses,  892. 

Descriptions,  892. 

Quality,  382. 

Temperature,  892. 

Uses,  392,  406. 

Yield,  392,  406. 
Underground  waters,  266. 
Water  horizons,  266. 
Wells: 

Descriptions,  210,  266. 

Quality,  266. 

Records,  501. 

Yield,  266. 
Mississippi  Valley. 

Ore  deposits,  part  of  underground  waters  in 

formation  of,  76. 
Underground  waters. 

Descriptions,  357. 

Underflow  measurements,  578. 
Well  statistics,  574. 
XiSBourl. 

Mineral  waters,  productidh  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of,  5, 11, 64, 76. 510, 564, 625. 
Principal  Survey  publications : 

Water  supply  of  Livingstone  county,  211. 

Well  and  spring  records,  497. 

Wells  of  Joplln  and  vicinity,  514. 
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XisBonri— Continued. 
Springs: 

Analyses,  62,  68,  392,  497. 

Descriptions,  1, 392, 497. 

Composition  and  quality,  63,392,497. 

Temperature,  392, 497. 

Uses,  892, 406, 497. 

Yield,  392,406,497. 
Underground  waters: 

Circulation,  11. 

Descriptions,  211,835,497. 
Water  horizons,  328. 
Wells: 

Analyses,  60, 614. 

Descriptions,  497. 

Quality,  497. 

Records,  211, 497, 514, 625. 

Temperature,  95, 497. 

Uses,  497. 

Yield,  497. 
Work  of  U.  S.  Geological  Survey,  167,471,680. 
KolokaL 

Principal  Survey  publication: 

Water  resources  of  Molokai,  314. 
Springs,  814. 

Underground  waters,  814. 
Wells: 

Composition,  814. 

Description,  314. 

Use  for  irrigation,  814. 
Xonmouth  formation,  occurrence  of  water  in,  16. 
Xontana. 

Absorption  of  streams,  10, 586, 691, 593, 594. 

Absorption  of  water  by  limestone,  336. 

Brines,  616,  619. 

Caverns,  586. 

Mineral  waters,  production  of.     See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of,  588, 596. 
Principal  Survey  publication: 

Formation  of   travertine  and  siliceous 
sinter,  584. 
Seepage.  336,843. 
Springs.    See  also  Thermal  springs: 

Analyses,  53, 892. 

Composition,  145, 392, 591. 

Deposits,  145, 261 ,  588, 589, 590, 595, 597. 

Descriptions,  145,  285,  291,  317,392,472,586, 
591. 

Temperature,  392. 

Uses: 

Bathing,  594. 
Resorts,  406, 586, 594. 
General,  392. 

Work  of: 

In  altering  rocks,  595. 
General,  145. 

Yield,  406. 
Thermal  springs  and  geysers: 

Analyses,  54,  55,  594. 

Composition,  591. 

Descriptions,  145,  354,  408,  677,586. 

Relations  to  igneous  rocks,  145,  586,  595. 
Underground  waters: 

Descriptions,  472,  593. 

Work  of  solution,  586. 
Water  horizons,  453. 


Xontaaar— Continued. 
Wells: 

Descriptions,  693. 
Temperature,  95. 
Work  of  U.  S.  Geological  Survey,  145,  439, 677. 
Mud  cones,  etc.,  626. 

ICyricks  formation,  occurrence  of  water  in,  569. 
Natural  wells,  North  Carolina,  77. 
Kebraaka. 

Absorption  of  water,  100,  529. 

Brines,  4, 14,  619. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publications: 
Camp  Clarke  folio,  100. 
i^gemont  folio,  103. 
Groundwater  at  Kearney,  528. 
Underground  waters  in  southeastern  Ne- 
braska, 91. 
Water  resources  of  Patrick  and  Gosiieo 

Hole  quadrangles,  4. 
Water  resources  west  of  the  one  hundred 

and  third  meridian,  90,  99. 
Wells  and  windmills,  14. 
Sinks  and  caves,  103. 
Springs: 

Deposits,  103. 

Descriptions,  4, 14,  90, 100, 101, 893. 
Measurements,  254. 
Thermal,  98. 
Use  for  resorts,  406. 
Yield,  406. 
Underground  waters: 

Descriptions,  4,  14,  90,  91.  98, 100, 101, 108, 

362,  437. 
Work  of  solutions,  103. 
Water  norizons,  4,  90,  91,  96, 100, 103. 
Wells: 

Analyses,  103. 
Breathing,  14. 
Cost,  345. 

Description,  91,  346. 
Fluctuation,  528. 
Problems,  579. 
Pumping  by  windmills,  14. 
Records,  4, 14,  31, 103,  346. 
Salt,  14. 
Statistics,  345. 
Temperature,  96,  575. 
Uses: 

Irrigation,  90,  91. 
Town  supplies,  14. 
Work  of  the  U.  S.  Geological  Survey,  104.  i'iS, 
355,  374,  440,  573,  574.  578,  580. 
Nevada. 

Absorption  of  streams,  373. 

Brines,  112,  616. 

Caves  and  solution  fissures.  197. 

Mine  waters,  19,  20,  324. 

Mineral  watens,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  wait-rs  in 

formation  of,  20,  21,  22,  76, 197,  522.  506. 
Springs: 

Analyses,  53,  392,  476. 
Composition,  392,  477. 
Deposits.  7,  476. 
Descriptions,  374.  392,  476,  581. 
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NeiTBdar-ContiD  aed . 
Spring!^— Con  tinued. 

Measurezhente.  2fil. 

Occurrence  on  faults,  476. 

Sulphur,  110. 

TemperatUK,  392«  476. 

Uses,  392. 

Yield,  892. 
Thermal  springs: 

Depoeite,  522. 

Descriptions,  7,  21.  22,  427,  476,  521.  522. 
rnderground  waters,  work  of.    See  also  Ore 
deposits. 

Cementation,  522. 

Oxidation.  522. 

Solution.  197. 
SewBxk.  formation,  occurrence  of  water  in,  444. 
New  Hampahlre. 

SiiDeral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publication: 

Well  and  spring  reoorda,  29. 
Springs: 

.Analyses,  29. 

Descripaons,  29. 

Quality,  29. 

Temperature,  29. 

Uses.  29,  406. 

Yield,  29,  406. 
Underground  water  conditions,  29. 
Wells: 

Analyses,  29.  392. 

Descriptions,  29.  392. 

Qualit>'.  29,  392. 

Temperature,  29.  392. 

Uses,  29.  392. 

Y'ield,  392. 
Work  of  the  U.  S.  Geoloffical  Survey.  167, 580. 
Hew  Jenmy. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publication»: 

Artesian-well  prospects  in  the  Atlantic 
Coastal  Plain,  86. 
Springs: 

Analyiies,  392. 

Descriptionis  392. 

Quality,  392. 

Temperature,  392. 

Use.  3K2. 

Y'ield.  392. 
Undeiigronnd  waters.  86,  444. 
Water  horizons,  86. 
Weils,  86, 444. 

AnaJyses,  392. 

Descriptions,  86.  444. 

Records,  77,  86,  613. 

Temperature.  86. 
Work  of  U.  S.  Geological  Survey.  167,  439,  471, 
580. 
Vewiaan  formation,  occurrence  of  water  iu,  34, 

35. 
Sew  KeaEloo. 

Mineral  waters,  occurrence  of,  234. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publication: 

Irrigation  in  MeaUla  Valley,  15. 


New  Meadoo— ContinuiHl. 
Sinks  in  gypeum,  234. 
Springs: 

Analyses,  55.  59.  61,  392. 

Descriptions,  392,  466. 

Quality,  892. 

Temperature,  S92. 

Uses,  892,  406. 

Yield,  392,  406. 
Underground  waters: 

Composition,  234. 

Descriptions,  15,  281.  466. 

Work  of  solution,  284. 
Wells: 

Composition,  284.  429. 

Description.  234.  846,  429. 
Work  of  the  U.  8.  Geological  Survey.  104,580. 
New  Tork. 

Absorption  of  water  by  limestone.  455. 

Brines.  112,448,449,450,451,616,619. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publications: 

Sewage  pollution   in   the  Metropolitan 
area,  292. 

Water  resources.  454,  456. 
Springs: 

Analyses,  64.  892. 

Brine,  448,  449,  450.  451. 

Description,  392,  454.  610. 

Quality,  392.  610. 

Temperature,  392,  610. 

Uses,  892,  406,  610. 

Yield,  392,  406,  610. 
Streams,  underground,  456. 
Underground  waters,  444,  456,  610. 
Water  horizons.  86,  249,  580. 
Wells:   • 

Analj'^es,  610. 

Brines,  112. 

Descriptions,  86,  444,  455.  610. 

Quality,  610. 

Records,  86,  610. 

Temperature,  86,  610. 

Uses,  610. 

Yield,  610. 
Work  of  the  U.  8.  Geological  Survey,  167,  471. 
New^  Zealand  springs,  584. 
Niagara  limestone,  occurrence  of  water  in,  43, 

S71,  556. 
Niobrara  formation,  (Kcurrence  of  water  in.  441, 

545. 
North  Carolina. 

Absorption  of  streams,  371. 

Mineral  waters,  production  of.    See  Mineml 

waters. 
Natural  wells.  77. 
IMnoipal  Survey  publications: 

Artesian-well  prospects  iu  the  Atlantic 
Coastal  Plain,  86. 

Norfolk  folio,  97. 
Sinks,  443. 
Springs: 

Analyses,  60,  392. 

Descriptions,  269.  270,  274, 347,  371,  392, 442, 
443. 

Quality.  3ir2. 

Temperature,  392. 
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Horth  OaroUiiar-€k)ntlnued. 
8priiig»— Continued. 
Uses,  392,  406. 
Yield,  892,  406. 
Underground  waters: 
Descriptions,  86,  97. 
Work  of  solution,  443. 
Water  horizons,  86, 97. 
Well  proepectB  and  records,  86,  97. 
Horth  Dakota. 
Brines,  560. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Springs,  538, 560. 
Wells: 

Descriptions,  846, 487. 
Records,  538. 
Work  of  U.  S.  Geological  Survey,  104,  572, 573, 
574.  576,  578,  580. 
Osallala  formation,  occurrence  of  water  in,  90. 
Ohio. 

Brines: 

Analyses,  449. 

Descriptions,  108,  879,  449,  616,  619. 
Mineral  Waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publications: 

Natural  features  and  economic  develop- 
ment of  the  Sandusky,  Maumee,  Mus- 
kingon,  and  Miami  drainage  areas,  152. 
Water  resources  of  Ihdlanaand  Ohio,  302. 
Springs: 

Analyses,  892. 
Descriptions,  301, 892. 
Quality,  392. 
Temperature,  892. 
Uses.  392,  406. 
Yield,  892,  406. 
Subterranean  drainage,  801. 
Underground  waters: 
Analyses,  301. 
Description,  301,  419,  437. 
Use  for  public  supplies,  152,  801. 
Water  horizons,  301,  880. 
Wells: 

Brine,  449. 

Description,  152,306,380,628. 
Lists,  185. 

Records,  88, 419, 468. 
Work  of  U.  S.  Geological  Survey,  574. 
Oil  and  ga.«i,  relation  of  underground  waters  to,  3, 

150,  226,  422,  436,  525. 
Oklahoma. 

Wells,  descriptions  of.  346. 
Work  of  the  U.  S.  Geological  Survey,  104,580. 
Ollgocene  waters.    See  Underground  waters,  oc- 
currence of,  systems. 
Onondaffa  formation,  occurrence  of  water  in,  380. 
Ore  deposits,  part  of  underground  waters  in  for- 
mation of — 
General  relations,  565. 
Localities: 

Alabama,  225. 

Alaska,  325. 

Arizona,  462, 463, 46Sa,  465. 

Arkansas.  5, 6, 11, 223, 564. 

California.  22, 308,  ."VOn. 

Colorado,  141, 142, 144, 414, 447. 460, 461,  nl  9. 


Ore  deposits,  part  of  underground  waters  in  for- 
mation of--ConUnued. 
Localities— Con  tinned. 

Georgia,  218, 221, 225, 228. 280. 
Idaho,  811. 
lUlnois,  12, 18. 
Iowa,  882. 
Kansas.  510. 
Kentucky.  511. 
Lake  Superior,  297,  668. 
Michigan,  17,  66,  67.  299, 882,  615,  602. 
Minnesota,  69, 296,  568. 
Miflsissippi  Valley,  76. 
Miasouri,  U,  76,  610,  564, 626. 
Montana.  688,  696. 
Nevada,  21.  22,  76. 197,  622.  695. 
Pacific  coast,  21,  22. 
South  Dakota.  147.  262. 
Tennessee,  218,  220.  221,  224.  232,  275. 
Utah.  148,  298,  618,  520.  649.  576. 
Wyoming,  617. 
General,  6,  666. 
Oregon. 

Absorption  of  streams  by  lava.  288. 
Absorption  of  water  by  pumice  and  lava.  289. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publications: 

Artesian  basins  of  southwestern  Idaho 

and  southeastern  Oregon,  486. 487, 488. 

Geological   reoonmUssance  in  southern 

Oregon,  475. 
Nampa  folio,  815. 
Springs,  common  and  thermal 
Analyses,  818, 892, 427. 
Deposits,  813, 427. 
Descriptions.  281, 288. 289,  818,  815,  892.  427. 

476,487,612. 
Occurrence  on  faults,  475. 
Temperature,  892, 406. 
Thermal ,  281 ,  288, 427. 448, 475, 612. 
Uses,  892, 406. 
Yield,  392, 406. 
Underground  channels.  128. 
Underground  waters: 

Descriptions.  374. 487, 488. 
Uses,  487. 
Welhi: 

Descriptions,  815. 
Problems,  579. 
Records,  315. 
Work  of  U.  S.  Geological  Survey.  104,580. 
Oxidation  by  undeiground  waters,  622. 
Padflc  coast.    See  also  under  State  entrief^. 

Ore  deposits,  part  of  underground  waters  in 
formation  of.  21. 22. 
Pahasapa  formation,  occurrence  of  water  in.  10:*. 
I  Paltucy  formation,  occurrence  of  water  in,  242. 
Pamunkey  formation,  occurrence  of  water  in.  7\ 

85,86. 
Payette  formation,  occurrence  of  water  in.  810. 
Pennsylvania. 
Brines,  585. 
Mine  waters: 
Analsrses,  294. 
Descriptions,  88, 294. 
Mineral  waters,  production  of.    See  Mineral 
waters. 
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Fannaylvaala— Oontinued. 

Principal  Survey  publicaUoiu: 

AitesUin  well  prospects  In  the  Atlantic 

coastal  plain,  86. 
Quality  of  water  in  the  Susquehanna  River 

drainage  basin,  294. 
Water  resources  of  the  Philadelphia  dis- 
trict, 16. 
Springs: 

Analyses,  294, 892. 
Descriptions,  294,  892. 
Quality,  892, 406. 
Temperature,  892. 
Uses,  392,  406. 
^ield,S92. 
Undezground  waters: 

Bescriptionfi,  16,  41,  42,  48,  294. 
Use  for  public  supplies,  467. 
Water  horizons,  16, 86. 
Well  incrustation,  analysis  of,  55. 
Wells: 

Analyses,  294. 

Descriptions,  89, 160, 467. 

Records,  41, 42, 43,  44, 160, 161, 168, 467, 468, 

814. 
Temperature,  96. 
Uses,  467. 
Fsrmaahtllty  of  rocks,  600. 
F«tr«fkctfon  by  underground  waters,  480. 
Philippine  Islands. 

Hot  Springs  and  solfataras,  24. 
Plsorre  shales,  occurrence  of  water  in,  90, 547. 
Pletatooam  waters.     See  Underground  waters, 

occurrence  of,  systems. 
Folaon  Canyon  formation,  occurrence  of  water 
in.  246,246. 


Rocks,  277, 499. 500, 565. 
Sanda,  862, 458, 456, 499, 500. 
8011,277,802,499,500. 
General,  277,  341,  862,  600,565. 


Springs,  common  and  thermal. 
Analyses,  241. 
Composition,  241. 
Descriptions,  241. 
Use  for  bathing,  241. 

salts  from  mineral  waters,  120. 
formation,  occurrence  of  water  in,  78, 
86,  94,  828. 
Potadaan  formation,  occurrence  of  water  in,  6,  9, 

881,500,666. 
Power,  use  of  spring  and  pumps  for.    See  Vf^en 

of  q»ringB  and  wells. 
Public  supplies  from  underground  sources. 
G€Oigia,827. 
Louisiana,  164. 
Nebraaka,  14. 
Ohio.  152. 
Pennsylvania,  467. 
Vermont,  420. 

absorption  of  water  by.  In  Oregon,  289. 
and  other  methods  of  lifting  water. 
Cost,  820,  856. 
Descriptions: 

Ariaona,  106,  282,  288. 
California,  49.  187,  206,  251,  820,  821,  822, 
8u6. 


Pumpinff  and  other  methods  of  lifting 
Continued. 
Descriptions— Continued. 
Georgia,  862. 
Great  Plains,  72. 
India,  621,  624. 
Kansas,  875. 
Louisiana,  210. 
Nebraska,  14. 
Public  lands,  846. 
Texas,  262. 
United  States,  348. 
General,  14,  277,  526,  627,  622,  628. 
Pumping  machinery. 
Efficiency,  15. 
Types,  250. 
Turbines,  14. 

Windmills,  descriptions  and  use  of,  14,  388, 
889,  340,  357,  856,  860,  421. 
Quality  of  waters.    See  Composition. 
Quatamary  waters.    See  UnderSTOund   waters, 

occurrence  of,  systems. 
BalnftOl,  absorption  of,  149, 454. 
Xaaoocaa  formation,  occurrence  of  water  in,  86. 
Barltaa  formation,  occurrence  of  water  in,  21, 85, 
60. 


Geologic: 

Borings  and  wells: 
Alabama,  501, 502. 
Arizona,  288,  468. 
Arkansas,  446. 
California,  208,  807. 
Delaware,  77. 

District  of  Columbia,  86,  94. 
Florida,  77, 169. 
Georgia,  86. 
Idaho,  315.   . 
Illinois,  9,  37. 

Indiana,  37, 158, 160,  808.  804,  805,  422. 
Iowa,  81,  382. 
Kentucky,  177. 
Louisiana,  210, 226, 
Massachusetts,  78, 189,  627. 
Maryland,  86. 
Michigan,  71. 
Minnesota,  207,  546.  560. 
Mississippi,  601. 
Missouri,  211,  497,  514,  625. 
Nebraska,  4, 14,  31, 108,  345. 
New  Jersey,  77,  86,  613. 
New  York,  86,  610. 
North  Carolina,  86,  97. 
North  Dakota,  588. 
Ohio.  88,  306.  419.  468. 
Oregon,  315. 
Pennsylvania,  41,  42,  43,  44,  160,  161, 

168,  467,  468,  614. 
Rhode  Island,  153,  627. 
South  Dakota.  102.  103,  538,  539,  541, 

542,  543,  544. 
Tennessee,  176. 
Texas,  2,  226.  568. 
Vermont.  420, 

Virginia.  86,  97.  154,  468,  479.  613. 
Washington.  480. 
Western  Gulf  coast.  3. 
Western  interior.  2. 
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Becords — Ck)ntlnued. 
Geologic— Continued, 

Borings  and  wells — Continued. 
West  Virginia,  38,  39,  40,  468. 
Wyoming,  23,  102. 
General: 

Importance  of.  46. 
Interpretation  of,  46. 
Statistical:  / 

Springs: 

Eastern  United  States  (see  also  under 
States).  334. 
Wells: 

California,  320. 

Colorado,  346. 

Eastern  United  StAt^  (see  also  under 

States).  334. 
Kansas,  346. 
Mississippi  Valley,  574. 
United  States,  95, 96. 
General,  322,  323. 
Bedbank  formation,  occurrence  of  water  in,  78. 
Relation  of  underground  waters  to  oil  and  gas, 

8, 185,  186,  aaS.  379,  422. 
Besorts,  use  of  springH  for,  392,  406,  586,  594. 
Bhode  Island. 

Mineral  waters,  production  of.    .^ee  Mineral 

waters. 
Principal  Survey  publication. 

Well  and  spring  records,  74. 
Springs: 

Analyses,  74,  392. 
Deposits,  mud  cones,  496. 
Descriptions,  74,  392,  626. 
Quality,  74,  392. 
Temperature,  74,  392. 
Uses,  74,  392. 
Yield,  74,  392. 
Wells: 

Analyses,  74. 
Descriptions.  74. 
Quality,  74. 
Records,  158,  627. 
Temperature,  74. 
Uses,  74, 406. 
Yield,  74,  406. 
Worit  of  U.  S.  Geological  Survey,  167,  580. 
Bio  Grande  basin,  absorption  of  streams,  437.  . 
Book8.  absorption  of  water  by.  general. 
Califonila,  286. 
Colorado,  629. 
Becky  Mountains,  sulphur  springs,  617. 
Butledge  limestone,  occurrence  of  water  in,  270, 

271,  273. 
St.  Peter  sandstone,  occurrence  of  water  in,  9, 

666. 
Salt,  deposit  of,  from  springs,  555. 
Belt  frcmi  mineral  waters,  381.  382,  ;i83,  :»4,  3K5, 

386,  387,  388,  389,  616. 
Band,  occurrence  of  water  in  (see  also  Drift), 

629. 
Sanitary  iis})ects  of  iindergmund  waters,  293. 
Beepoflre. 

Arizona,  98. 101,  190,  362. 
California,  188,  820,  322. 


Beepaee — Continued. 

Colorado,  142, 149,  267,  846,  862. 

Idaho,  105. 

India.  621,  624. 
Montana,  386,  343. 

Nebraska,  4, 101, 347. 
Public  lands,  346. 
Utah,  155,  347,  362. 
Wyoming,  4. 
General,  166,  847,  852. 
Bhale,  occurrence  of  water  in,  6,  468. 
BlliciouB  sinter.    See  Depodts,  springs. 
Biliciflcatlon  by  underground  waters,  619. 
Silurian  waters.    See  Underground  waters,  occur- 
rence of,  springs. 
Biaka.    See  Solution,  sinks. 
Binka,  absorption  of  water  by,  496,  600. 
Sioux  quartzite,  occurrence  of  water  in,  648,544. 
Bolfataras.    Sec  Springs,  solfataraa. 
Solution  by  underground  waters,  work  of. 
Basins,  483. 
(<ave8  and  caverns: 
California,  551,  564. 
Colorado,  141. 
Iowa,  332. 
Kentucky,  34,  35. 
Montana,  586. 
Nebraska,  103. 
Nevada,  197. 
South  Dakota.  103. 
Tennessee,  232. 
Texas,  240,  669. 
General,  494. 
Channels: 

Kentucky,  34,  35,  657. 
Tennessee,  232. 
Washington,  377. 
General,  222. 
Coves.  219. 

Fissures,  Nevada,  197. 
Sinks: 

Florida,  77. 
High  Plains,  267. 
Kansas,  215. 
Kentucky,  34,86. 
Michigan,  364. 
Nebraska,  Ifti. 
New  Mexico,  234. 
North  Carolina,  443. 
South  Dakota,  103. 
Tennessee,  232,  270,  273. 
Virginia,  92. 
West  Virginia,  88,  92. 
.  General: 

Solution  of  dolomite,  Colorado,  519. 
Wyoming,  151. 

South  OaroUna. 

Craterlets  and  springs  ajisociated  with   the 

Charleston  earthquake,  130. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publication: 

Artesian  prospects  of  the  Atlantic  Coastal 
Plain,  86. 
Sinks  and  caves,  108. 
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Booth  OferoUnft— Continued. 
Springs: 

AnAlyses,  892. 
Descriptions,  392. 
Quality,  892. 
Temperature,  892. 
rseii,  892,  406. 
Yield,  392,406. 
Undenffronnd  waters,  86. 
Water  horisons,  86. 
Wells: 

Deerriptlons,  86. 
Temperatare,  86. 
South  Balcote. 
Brines,  lOe.  619. 
31ineral  waters,  prodnction  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  wateis  in 

fonnation  of,  147,262. 
Principal  Survey  publications: 
Alexandria  folio,  544. 
Edgemont  folio,  lOS. 
Geology  and  water  resources  of  part  of 

the  lower  James  River  Valley,  206. 
Huron  folio,  M7. 
Mltrhell  folio,  M3. 
Newcastle  folio,  102. 
New  developments  in  well  boring  and 

irrigation,  89. 
Oelrichs  folio,  98. 
Olivet  folio,  541. 
Parker  folio,  542. 
Water  resources  in  Black  Hills  and  in 

Wyoming,  98. 
Water  resources  of  southeastern   South 
Dakota,  540. 
Sinks  and  caves,  106. 
Springs: 

Analyses,  89. 

Composition,  589. 

Deposits,  108. 

Descriptions,  93,  588^  589.  540,  541,  542,  544, 

547. 
Uses,  406. 
Yield,  406. 
Underground  waters: 

Descriptions,  89,  93, 102, 106,  374, 540,  542, 

543,544,545,547. 
Occurrence  as  streams,  182. 
Waste  of,  645. 
Water  horizons,  98, 102, 108,699,511,512,543,544, 

545,547. 
Wells: 

Analyses,  89, 102, 103. 

Descriptions,  89, 93, 346, 437. 

Fluctuations,  540. 

Interierence,  540. 

Pressure  in,  89. 

Pressure,  decline  of,  545. 

Records,  102,  IQS,  588. 539, 541, 542, 548, 544. 

Temperature,  89, 96, 541. 

Unes: 

Supply  for  lake,  89. 
Irrigation,  89. 
Work  of  U.  S.  Geological  Survey,  104,357,361, 
439, 440, 578, 574, 576, 577, 978, 580. 


Classiflcation,  892, 406. 
Descriptions: 

Qeyscrs.    See  Geysers. 

Hot  springs.     See  Springs,  descriptloii. 

thermal. 
Springs  in  general— 
LocaUties: 

Alabama.  a04, 892. 
Alaska,  70,  825,  892,  496. 
Arisona,  127, 128, 290, 817, 992, 468a, 

528. 
Arkansas.  1,  u9.  892, 446. 
California,  22,  67. 106. 121, 134, 146, 

170,  251.  286.  807,  806,  312,  819, 

821,  892,  456,  477.  638,  568. 
Canada,  Manitoba,  560. 
Cascade  Mountains,  129. 
Colorado,  60,  76,  137,  141, 142,  244, 

264,  357,  862,  392, 486, 447, 461, 516. 
Connecticut,  188,  247.  892,  600. 
Dakotas,892. 
Delaware.  892. 
Eastern  ITnited  States,  384,  885, 

892. 
Florida,  77. 169,  208,  892,  434. 
QeorgU,  105,  202,  214.  258.  824,  892. 
Great  Plains,  214. 
High  Plains,  267. 
Idaho.  284.  310,  311,  317,  892,  473, 

482,  483,  484,  485,  487,  488.  528. 
Illinois,  292. 

Indiana,  159, 161, 162,  800,  801,  892. 
Kansas,  184,  212,  215,  892,  445,  489. 
Kentucky,  84,  35,  392. 
Louisiana,  892. 
Maine,  18,  892,  524. 
Maryland,  87,  892. 
Massachusetts,  78, 189, 892, 492, 498, 

496,626. 
Michigan,  71,  280,  392. 
Minnesota,  207.  392,  560. 
Mississippi,  892. 
Missouri,  1,  62,  63.  892,  497. 
Molokai.  814,  392. 
Montana,  53, 145,  261,  285,  291, 317, 

892,  472,  586,  588,  589.  590,  591, 

694,  595,  597. 
Nebraska,  4. 14,  90,  96, 100, 101,892. 
Nevada.  7, 53. 110,  251,  874,  392, 476, 

4n.  547,  584. 
New  Hampshire,  29,  392. 
New  Jersey,  892. 
New  Mexico,  55,  59,  64.  392.  466. 
New  York,  64, 392. 448. 449.  450, 451, 

454,  610. 
North  Carolina,  269,  270,  271,  274, 

347,  371,  392,  442,  448. 
North  Dakota,  538,  560. 
Ohio,  301.  892. 
Oregon,  281.  288,  289,  313,  315,  392, 

427,  475,  487,  612. 
Pennsylvania,  16,  294,  392. 
Philippines,  24. 
Porto  Rico,  241. 
Rhode  Island,  74,  392, 495,  626. 
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Bprinss— Continued. 

Descriptions— (continued. 

Springs  In  general— Gonttnued. 
Localities— Continned. 

South  Dakota,  80.  93, 108.  688,  639, 

640,  641,  642,  644,  647. 
South  Apalachlans,  442. 
Tennessee,  61, 269, 270, 271, 274, 864, 

892,442,448. 
Texas,  289, 240, 248, 262, 264, 267, 260, 
842, 847, 867, 872,  392,  536, 687,  568, 
672. 
Utah,  27, 66, 76, 170, 392, 504, 684, 649. 
Vermont,  892,420. 
Virginia,  68,  64,  66.  87,  92, 164.  864, 

892,442. 
Washington,  260,  354,  392,  426,  426, 

506,606,607. 
West  Virginia,  92. 
Wyoming,  4, 8, 93, 186, 161, 191, 192, 

198, 194, 195, 196, 198, 201, 892. 
Yellowstone  National  Park.  64, 67, 
68, 178, 189, 190,  191,  192, 193,  194. 
196, 196,  199,  200,  862, 392, 432, 488, 
484,683,684,687. 
General  papers: 

Algus  growth  In,  193. 
Beneath  glaciers,  524. 
Distribution  in  the  United  States, 

406. 
Gontaminatlon,  ^00. 
Craterlets  formed  by  springs: 
Charleston  earthquake,  180. 
Rhode  Island,  495. 
Erosion  by,  Maine,  624. 
Failure  of,  California,  588. 
Geology  of,  406. 

Lists  of,  390,  391,  392.  393,  394,  397, 
396,402,403,  404,  405,  410,411,412, 
413,417. 
Origin,  406. 
Relation  to  igneous  intrusions, 

145,686,696. 
Source  of  mineralization,  406. 
Types  of  waters: 
Alum,  84, 86, 
Brine: 

Arizona,  616. 
Colorado,  616,  619. 
DakotajB,  616. 
Idaho,  616. 
Illinois,  619. 
Indiana,  619. 
Kansas,  619. 
Kentucky,  619. 
Montana,  616,  619. 
Nebraska,  619. 
Nevada,  616. 

New  York,  448.  449,  616,  619. 
Oregon,  616. 
Pacific  coast,  616. 
South  Dakota,  619. 
Tennessee,  619. 
United  States,  616,  619. 
Western  Gulf  eoa.st.  3. 
Chalybeate,  Kentucky,  34, 85. 


Bprlnffs— Continued. 

Descriptions— Continued. 

Springs  in  general— Gontinned. 
Localities— Continued. 
Oil  and  gas: 
Alaska,  826. 
Tennessee,  86. 
Sulphur: 

Alaska,  70. 
Kentucky,  84,  86. 
Nevada,  110. 
Rocky  Mountains,  617. 
Tennessee,  272. 
Wyoming,  186,  201. 
Sol&itaras: 

California,  121. 
Utah,  110. 
General,  24. 
Thermal  springs.    See  also  Geysers,  sol- 
fataraB,  and  springs  in  general. 
Descriptions: 

California,  22, 121. 
Colorado,  137, 142,  867. 
Florida,  434. 
Idaho,  809,  310,  811.  316. 
Montana,  145,  864, 406.  586. 
Nebraska,  54, 55, 96,677,691,694.595. 
Nevada,  7,  21,  22,  427.  476.  621. 522. 
Oregon,  281,  288,  313,  427.  475. 
Philippine  Islands,  24. 
Porto  Rico.  241. 
Tennessee,  275. 
Utah,  252. 
Virginia,  92. 
West  Virginia,  92. 
Wyoming,  136. 161,  20L 
Work  on,  67, 189,  190,  217,  432,  488, 434. 44a 
General: 

Occurrence  on   earthquake    fissure, 

477,653. 
Origin  of  thermal  waters,  447. 
Relation  to  igneous  Intrusions,  145, 
586,695. 
Bprlncs,  deposits  of.    See  Deposits. 
Bprinffs,  discharge  of.    See  Discharge. 
Springs,  mineral,  production  of.    See  Mineral 

waters, 
aprlngs,  relation  to  faults.    See  Faults. 
Springs,  relation  to  fissures.    See  Fissures. 
Springs,  relation  to  folds.    See  Folds. 
Springs,  relation  to  Igneous  intrusions.    See  Ig- 
neous intrusions. 
Springs,   statistics.      See    Mineral   waters  and 

springs,  descriptions. 
Springs,  uses  of.  See  Uses  of  undeiKround  waterK. 
Statistics. 

DlschaiKe.    See  Dischaige. 

Mineral    water    production.    See    Mineral 

waters,  production  of. 
Mineral  waters,  work  on,  401. 
Necessity  of,  870. 
Springs.    See  Springs. 
Wells.    See  Wells. 
Streams,  sinking  and  intermittent.    See  Absorp- 
tion of  streams. 
Streams,  underground,  182,  456. 
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OoUecting  ditches,  283, 871. 

OoUectiiig  gaUeries,  600,  622. 

OoUecting  and  drainage  tunnelii,  28, 287,  818, 
828,  866,622. 

Infiltration  works,  481. 

Subsurface  dams,  600,  622. 

Underflow  canal,  843. 
Bnbsiirflioa  dams.    See  Structures, 
i^ifklnr  wells.    See  Breathing  w^ls. 
Sulphur  deposited  by  springs,  70, 121, 216. 


Springs: 

Alabama,  392. 
Alaska,  892. 
Arizona,  892. 
Arkansas,  892;  446. 
California,  892. 
Colorado,  892. 
Connecticut,  188,  892. 
Dakotas,S92. 
Delaware,  892. 
Florida,  109, 892. 
Geoigia,aB2. 
Idaho,  892. 
Illinois,  882. 
Indiana,  892. 
Indian  Tenitory,  882. 
Iowa,  892. 


Kentucky,  892. 
liooisiana,  892. 
Maine,  18,  892. 
Maryland,  892. 
MassacbusettB,  78,  892 
Michigan,  71,  392. 
Minnesota,  207,  892. 
Mississippi,  892. 
Missouri,  392,  497. 
Montana,  892. 
Nebraska,  392. 
Nevada,  882,  476. 
New  Hampshire,  29,  892. 
New  Jeney,  392. 
New  Mexico,  892. 
New  York,  892.  610. 
North  Carolina,  392. 
Ohio,  892. 
Oregon,  302. 
PennsylTania,  892. 
Rhode  Island,  74,  392. 
South  Carolina,  392. 
Tennessee,  892. 
Texas,  892. 

United  Stotes,  392,  406. 
Utah,  302. 
Vermont,  392,  420. 
Virginia,  892. 
Washington,  892. 
West  Virginia,  892. 
Wisconsin,  892. 
Wyoming,  892. 

Yellowstone  National  Park,  178, 190,  892. 
General.  406. 
Wells: 

Alabama,  96,  602. 
Arkansas,  95. 


Temperatar«-<-<;ontinued. 
Well»-Continued. 

California,  95. 

Colorado,  95. 

Connecticut,  188. 

Delaware,  86. 

District  of  Columbia,  86. 

Florida,  96, 169. 

Georgia,  86, 96. 

Great  Plains,  214. 

Idaho,  95,  316,  484,  486. 

Illinois,  95. 

Iowa,  96. 

Louisiana,  95. 

Maine,  18. 

Maryland,  86. 

Massachusetts,  78. 

Michigan.  71,  96,  279. 

Minnesota,  96. 

Mississippi,  96. 

Missouri,  06,  479. 

Montana,  96. 

Nebraska,  96. 

New  Hampshire,  29. 

New  Jersey,  86, 96. 

New  York.  86,  610. 

North  Carolina,  86. 

Pennsylvania,  96. 

Rhode  Island,  74. 

South  Carolina,  86,  96. 

South  Dakota,  89,  96,  541. 

Tennessee,  96. 

Texas,  96. 

United  States,  95,96. 

Virginia,  86, 96. 

Washington,  96,  480,  606. 

West  Virginia,  68, 171, 172,  489,  440,  574. 

Wisconsin,  96. 

General,  46. 
General  papers: 

Causes  of  temperature- 
Igneous  action,  477. 
General,  476. 

Effect  on  water  level,  665. 

Mine  waters— 

Comstock  lode,  Nevada,  19, 20. 

Temperature  work  in  Nevada,  575. 

Temperature  work  In  West  Virginia,  68, 
171,  172,  439,  440,  574. 
Tennessee. 

Absorption  of  streams  by  underground  chan- 
nels, 219. 
Brines,  619. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters,  in 

formation  of,  218, 220, 221, 224, 232, 275. 
Principal  Survey  publication: 

Well  records,  176. 
Sinks,  caves,  etc..  232,270,271,273. 
Springs: 

Analyses,  61,864,892. 

Descriptions,  260, 270, 271, 274, 364,  892,442, 
443. 

Oil  springs,  36. 

Quality.  892. 

Temperature,  392. 
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Tennessee— Ck>ntinued. 
Springs— Continued. 

Thermal  springs  in  limestone,  275. 
Use: 

Power,  442. 
General,  392,  406. 
Yield,  892,  406. 
Underground  channels,  222,272,278,442. 
Underground  waters: 
Circulation,  272. 
Descriptions,  176. 
Occurrence,  272,  273,  442. 
Work  of: 

Formation  of  coves,  219. 
Solution,  232. 
Water  horizons,  202,  207. 
Wells: 

Descriptions,  176. 
Quality,  176. 
Records,  176. 
Temperature,  96. 
Uses,  176. 
Yield,  176. 
Work  of  U.  S.  Geological  Survey,  167,  680. 
Tertiary  waters.    See  Underground  waters,  occur- 
rence of,  syHtems. 
Testing  of  wells.    See  Wells. 
Texas. 

Absorption  of  streams,  99. 
Brines,  226,  229. 
Caves: 

Deposits  in,  236. 
Descriptions  of,  240,  569. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publicatlonH: 
Austin  dam,  535. 
Au.Htin  folio,  243. 
Black  and  Grand  prairies.  242. 
Irrigation  systems,  262,  536. 
Nueces  folio,  240. 
Undei^round    waters  of    the    Edwards 

Plateau  and  Rio  Grande  Plain,  289. 
Uvalde  folio,  569. 
Water  powers  of  Texas,  537. 
Springs: 

Analyses,  392. 
Deposits: 

Analyses,  260. 
Descriptions,  260. 
Descriptions,  240,  242,  243. 
Measurements,  2.52,  261,  267,  260,  347,  367, 

372,  392,  53(1,  537,  668,  572. 
Occurrence  on: 

Faults,  239,  240.  669. 
Fissures,  239. 
Quality,  992. 
Temperature,  392. 
Use: 

Irrigation.  5;J0,  637. 
Power,  357,  53«i.  637,  669. 
RcHorts,  406. 
(ieneral,  392. 
Yield,  392,  406. 
Underground  streams.  243,  342,  456. 


Texas— Continued. 

Underground  waters: 

Chemistry  and  composition,  286,  242. 
Descriptions,  229, 232, 288, 239. 242,  270, 273, 

437,675. 
Work  of  solution,  340,  569. 
Water  horizons,  289,  240.  242,  248,  5G9. 
Wells: 

Analyses,  289. 

Composition,  286,  242. 

Drilling,  226. 

Descriptions,  226,  252, 254, 257, 342, 346, 637. 

668. 
Experiments,  237. 
Pumping  for  irrigation,  252. 
Records,  2,  226,  668. 
Temperature,  96. 
Thermal,  226. 
Use  for  irrigation,  252,  586. 
Work  of  U.  S.  Geological  Survey,  104, 439,  .572. 
578,  574,  577,  580. 
Therapeutics.    See  Uses  of  undeiground  waters. 
Travertine.    See  Deposits,  springs. 
Travis  Peak  formation,  occurrence  of  water  in. 

289. 
Trenton  limestone,  Occurrence  of  water  in,  292, 

879,380,422. 
Trinity  formation,  occurrence  of  water  in,  99, 

240,242. 
Tufa  deposits.    See  Deposits,  springs. 
Underflow  canals,  343. 
Underflow,  instruments  for  measuring.  600. 
Underflow,  measurement  of,  600, 678. 
Underground  water. 

Depth,  limits  of,  500, 661, 565. 

Effect  of  irrigation  on  level  of,  186, 187, 188. 

Effect  of  uplift  and  subsidence  on,  665. 

Influence  on  floods,  841. 

Laws  relating  to,  30, 179, 248, 357, 874, 572. 

Movements  of: 

Flow  in  porous  media,  277, 499, 500. 
In  fissures,  277. 
Underflow  in  Arizona,  288. 
Occurrence  of: 
Formations: 
Arikaree: 

Nebraska,  4,  90, 101. 
Benton: 

Montana,  588. 
South  Dakota,  543.  514,  545. 
Berea  grit: 

Michigan,  280. 
Blackwater  hole  beds,  Texas,  240. 
Brule  clays: 

Nebraska,  4.  90, 101 
Wyoming,  4. 
Calaveras: 

California.  654. 
Chadron: 

Nebraska,  90. 
Chattanooga  shale: 
Tennessee.  272. 
Chesapeake: 

Atlantic  Coastal  Plain,  86. 
Delaware,  86. 
Maryland,  86,87. 
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jjmimwroaai.  water— Continned. 
OGcarrence  (^— Oontinned. 
FonnatiODfi — Contiiiued. 
CbeBape«ke--OonUDued. 

New  Jersey,  96. 

ViiSiiiiA.  86»87. 
cTbester  Valley  limestone: 

Pennsylvania,  16. 
Chickies  quartzite: 

Pennsylvania,  16. 
Clinton: 

Ohio,  380. 
Oolnmbia: 

Atlantic  Coastal  Plain,  86. 

Delaware.  86. 

DiHtilct  of  Columbia.  94. 

Maryland,  78. 86, 87, 94. 

North  Carolina.  97. 

Sooth  Carolina.  86. 

Virginia,  78.86,87,94,97. 
Comanche '  eak: 

Texas,  240. 
Comiferoofl  limestone: 

Ohio,  380. 
Corsicana: 

Texas,  242. 
Cretaceous  marl: 

Delaware,  86. 
Dakota  sandstone: 

Colorado.  173, 174, 175,  244. 245, 246. 

Dakotas,  84,  93. 

Kansas,  212.  213. 

Minnesota,  560. 

Nebraska,  90, 91,  98, 100, 101, 103. 

North  Dakota,  560. 

South    Dakota.   93.  102,   103,  539, 
541. 542,  543,  544,  .^45.  547. 

Wyoming,  102. 

General,  354,  500,  613. 
Doiison: 

Texas,  242. 
Devonian  limestone: 

Illinois,  556. 
Edwards  limestone: 

Texas,  239,  240,  242,  243,  569. 
Galena  limestone: 

Ulinois,  556. 

Iowa,  332. 
Geiing: 

Nebraska,  90. 
Glen  Rose: 

Texas,  242,  569. 
Hudson  River  sbales: 

Illinois,  556. 
John  Day: 

Washington,  480. 
Knox  dolomite: 

North  Carolina,269,270.271.272, 273. 

Tennessee,  269,  270,  271,  272,  273. 
Lafayette: 

Atlantic  Coastal  Plain,  86. 

Maryland,  78,  86,  87. 

South  Carolina,  86. 

Virginia,  78,  86,  87. 
Lakota  sandstone: 

Nebraska,  108. 

South  Dakota,  102,  lOG. 


Undsrsronnd  water— Continued. 
Occurrence  of— Continued. 
Formations— Continued. 

Lakota  sandstone — Continued. 

Wyoming.  102. 

General,  93. 
Laramie: 

Nebraska,  90, 101. 
Leona: 

Texas,  569. 
Lower  Magnesian  limestone: 

Illinois.  556. 
Magothy: 

Mar>iand,  86. 
Manafw)uan: 

New  Jers*ey.  86. 
Manthallr 

Michigan.  280. 
Matawan: 

Atlantic  Coastal  Plain.  86. 

New  Jersey.  86. 

Pennsylvania,  16. 
Medina: 

Ohio.  380. 
Middle  marl: 

Atlantic  C4)a.*ttal  Plain,  86. 
Minnekahta: 

Nohraska,  98.  108. 

South  Dakota,  103. 
Minnelusa: 

South  Dakota,  93. 
Monmouth: 

Pennsylvania,  16. 
Myrick: 

Texas,  569. 
Navesink: 

New  Jersey,  86. 
Newark: 

New  Jersey,  444- 

Newman: 

Kentucky.  34,  85. 

Niagara  limestone: 
Illinois,  556. 
Indiana.  379. 
Ohio.  379,  380. 

Niobrara: 

Stjuth  Dakota,  541,  545. 

Ogallala: 

NebnL«ika.  90. 

Ohio  shale: 
Ohio.  380. 

Onondaga: 
Ohio,  380. 

Pahasapa: 

South  Dakota,  102 
Wyoming,  102. 

Paluxy: 

Texa,«,  242. 

Pamunkey: 

Atlantic  Coastal  Plain,  86, 
Delaware,  86. 
Maryland.  78,  86,  87. 
Virginia,  78.  Hfi.  87. 

Fayette: 

Idaho,  310. 


7? 


124                                                 INDEX   TO  PAPERS                                           [no.  120. 

UmAntrovoiA  water— Continued. 

Occurrence  of— Continued. 

Occurrence  of—Continued. 

Formations— Continued. 

Materials— Con  tinned. 

Pierre  shales: 

Crystalline  rocks: 

Nebraska,  90. 

Atlantic  Coastal  Plain,  86. 

South  Dakota,  547. 

District  of  Columbia,  94. 

Poison  Canyon: 

General,  818. 

Colorado,  246,  246. 

Delta  deposits: 

Potomac: 

California.  820,  S2S. 

Atlantic  Coastal  Plain,  86. 

Dolomites: 

Delaware,  86. 

Arkansas,  5. 

District  of  Columbia,  94. 

Drift  (see  also  Quaternary  and  Pleirto- 

Maryland,  78,  86,  94,  828. 

cene): 

North  Carolina,  97. 

Illinois,  9, 167,  800,  302,  805. 

South  Carolina,  86. 

Indiana,  9, 162,  801,  308,  904, 306. 

Virginia,  78,  86.  94,  97. 

Minnesota.  560. 

Potsdam  sandstone: 

New  York.  82,  249. 

Illinois,  9,  566. 

Ohio,  801,880. 

Indiana,  9. 

South  DakoU,  647. 

General,  500. 

General,  46. 

Rancocas: 

Dune  sands: 

Atlantic  Coastal  Plain,  86. 

Colorado,  174. 

New  Jersey,  86. 

Granite: 

Raritan: 

Idaho,  310. 

Delaware,  86. 

Gravel: 

New  Jersey,  86. 

Arizona,  288. 

Pennsylvania,  16. 

California,  828. 

Redbank: 

Colorado,  174. 

Atlantic  Coastal  Plain,  86. 

Massachusetts,  408. 

New  Jersey,  86. 

General,  46, 277,  499,  500. 

Rutledge  limestone: 

Igneous  rocks: 

Tennessee,  2V0,  271,  273. 

California.  812. 

St.  Peter  sandstone: 

Lava: 

Illinois,  9,  656. 

Arizona,  428. 

Indiana,  9. 

Idaho,  478,  482,  488. 

Severn: 

Oregon,  289. 

Maryland,  86. 

Washington,  480.  481. 

Shark  River: 

General,  106 

New  Jersey,  86. 

Limestone: 

Sioux  quartzite: 

Arkansas,  6. 

South  Dakota,  543,  544. 

General,  46. 

Travis  Peak: 

Sand: 

Texas,  239. 

Nebraska,  529. 

Trenton  limestone: 

General,  46.  277,  499, 600. 

Illinois,  556. 

Sandstone: 

Indiana,  879,  422. 

General,  46. 

Ohio,  879,  380. 

Serpentine: 

Trinity: 

New  York,  249. 

Texas,  99,  240,  242. 

Shale: 

Upper  Heldeberg  limestone: 

Arkansas,  5. 

Indiana,  379. 

Montana,  688. 

Ohio,  379. 

Stream  deposits: 

Waverly: 

California.  208. 

Ohio,  380. 

Structures: 

Wissahickon  gneiss: 

Earthquake  fissures,  477,  653. 

Pennsylvania.  16. 

Faults,  140,  170,  289,  240.  247,  306,  475. 

Woodbine: 

476,477,600.558,569. 

TexaR,  242. 

Fissil  rocks,  666. 

Materials  (Nee  also  Formations): 

Fissures,  general,  289,  277,  284,  480. 

Alluvium: 

Joints,  565,  568. 

Kansas,  215. 

Underground  channels,  Oregon,  12Sw 

Nebraska.  101. 

Vesicules,  565. 

Utah.  549. 

Systems.    See  also  Fbrmationa. 

Andesite: 

Silurian: 

California.  458. 

Michigan,  279, 280. 

Basalt; 

Devonian: 

Texas,  569.                                           < 

Michigan.  279,280. 
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Undargroand  water— Oontinaed. 

Occurrence  of — Continiied. 
STBtenu— Continued. 
Carbonlferoufl: 
IIlinoifl,162. 
Indiana,  162. 
Kannfl,21&. 
Michigan,  279. 
Nebraska,  90. 
Oblo,S80. 
Cretaoeous: 

Great  Plains,  214. 
High  Plains,  267. 
MiaBlsBlppi,266. 
Montana,  588. 
Nebraska,  4. 
New  York,  86.  249. 
South  Carolina,  86. 
Texas,  240,  242. 
Wyoming,  4. 
Tertiary: 

Great  Plains,  214. 
High  Plains,  267. 
Kansas,  212, 213,  215. 
Miadssippl,  266. 
Pefmsylvania,  16. 
Eocene: 

South  Carolina,  8(t 
Miocene: 

Atlantic  Coastal  Plain,  86. 
Louisiana,  210. 
South  Carolina,  86. 
Neocene: 

Idaho,  310. 
OUgocene: 

Louisiana,  210. 
Quaternary: 

Louisiana,  210. 
MissisBippl,  266. 
Pleistocene. 

Great  Plains,  214. 
Idaho,  810. 

Utadflrgvmmd  waters,  relation  to  oil  and  gas,  3, 
IfiO,  226,  422,  486,  525. 

TJtadarcrouBd  waters,  tota]  amount  of,  600. 
xrndersitnmd  waters,  work  of: 

Action  of  thermal  waters  on  rocks,  199,  201, 
574,  667,  595. 

Alteration  of  rocks  by  springs,  201,  311,  587, 

595. 
Cementation,  522,  665. 
Decay  of  rocks  due  to  percolating  waters, 

478. 
Deposits.    See  Deposits. 
Dolomitization,  519. 
Enlargement  of  quartz  grains,  268. 
Femtlon,  519. 
Landslides,  75. 
Metamorphism,  565. 
Oxidation,  522. 
Petrifaction,  480. 
Siliciflcation,  519. 
Solution.    See  Solution. 
Weathering.  522,  665. 
Work  of  thermal  waten,  general,  145. 
TXndaisroiiBd  waten,  circulation  of.    See  (Mrcu 
lation. 


Undergrtnuid  waters,  deposits  of.    See  Deposits, 

groundwaters. 
Undersxound  waters,  descriptions.    See  under 

States. 

XTndergrtnuid  waters,  fluctuations  of  level.    Bee 
Fluctuations. 

Underground  waters,  part  of,  in  formation  of  ore 
deposits.    See  Ore  deposits. 

TTlidersrotmd  waters  as  a  source  of  public  sup> 
plies.    See  Public  supplies. 

Undergxound  waters,  uses  of.    See  Uses  of  under- 
ground waters. 

United  States. 

Principal  Surrey  publicationson  underground 

waters: 

Hydrography,  report  of,  progress  of,  di- 
vision of,  1898-4,  345. 

Hydrography,  report  of,  progress  of,  di- 
vision of,  1895, 847. 

Hydrology,  division  of,  organisation  and 
work  of  eastern  section,  167. 

Hydrology,  work  of  division  of,  471. 

Hydrology  of  eastern  United  States,  con- 
tributions  to,  1903, 166. 

Hydrology,  western,  104. 

Irrigation  survey,  first  annual  reportof  ,435. 

Irrigation  survey,  second  annual  report 
of,  487. 

Lists  and  analyses  of  mineral  springs,  392. 

Mineral  waters,  890,  391,  398,894,  398,402. 
408,404,406,  406,407,409,  411.412,413,414. 
416,416,417. 

Notes  on  wells,  springs,  and  general  water 
resources  of  certain  Eastern  States,  168. 

Potable  waters  of  eastern  United  States,  334 

Preliminary  list  of  deep  borings,  95, 96. 

Public  lands  and  their  water  supply,  346. 

Reclamation  Service,  first  annual  report, 

374. 
River  station,  operations  at,  1899,  268,  254, 

256. 
River  station,  operations  at,  1900,  266,  257. 

259. 
River  stations,  operations  at,  1901,  280. 
Salt-making  processes,  51. 
Stream  measurements,  1896, 106. 
Stream  measurements,  1897,  354. 
Stream  measurements,  1898,  367. 
Stream  measurements,  1899,  362. 
Stream  measurements,  1900,  364. 
Stream  measurements.  1901.  369. 
Stream  measurements,  1902,  870.  371,  872, 

878. 
Upper  Helderberg  limestone.  379. 
Uses  of  underground  waters: 
Springs: 

Bathing:        i 
California,  148. 
Idaho,  317. 
Montana,  817,  6#4. 
Porto  Rico,  317,  594. 
General,  426,  487. 
Heating,  487. 
Irrigation: 

California,  477. 
Idaho,  810.  374. 
Texas,  357,586,587,569. 
General,  387,622. 
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Uses  of  underground  watens— Continued. 
Spring»^ontinued. 

Medicinal  (therapeutic),  68,426. 
Power: 

Texas,  216, 587. 

Qeneral,  357. 
Kesorts: 

Montana,  586,  504. 

United  States,  892,406. 
Public  supplie(«: 

Oeoigla,  827. 

Ohio,  152. 

Vermont,  420. 
General: 

Alabama,  392. 

Alaska,  392. 

Arizona,  392. 

Arkansas,  392, 446. 

California,  392. 

Colorado,  392. 

Connecticut,  188,  892. 

Dakotas,  892. 

Delaware,  892. 

Georgia,  827,  892. 

Florida,  169,  892. 

Idaho,  392. 

Illinois,  892. 

Indiana,  392. 

Indian  Territory,  892. 

Iowa,  892. 

Kansas,  392. 

Kentucky,  892. 

Louisiana,  392. 

Maine,  18,  392. 

Maryland,  392. 

Massachusetts,  73,  892. 

Michigan,  71,392. 

Minnesota,  207,  392. 

Mississippi,  392. 

Missouri,  497. 

Montana,  392. 

Nebraska,  892. 

Nevada,  392. 

New  Hampshire,  27. 

New  Jersey,  392. 

New  Mexico.  392. 

New  York,  392.  610. 

North  Carolina,  392. 

Ohio,  392. 

Oregon,  392. 

Pennsylvania,  392. 

Rhode  Island,  74,  392. 

South  Carolina.  392. 

Tennessee,  392. 

Texas,  392. 

United  States.  406. 

rtali,  392. 

Vermont, :««.  420. 

Virginia,  392. 

Washington,  392. 

West  Virginia,  392. 

Wisconsin,  392. 

Wyoming.  392. 

YellowHtone  National  Park.  392. 
Wells: 

Bathing,  487. 
Heating,  487. 


Uses  of  underground  waters— Continued. 
Irrigation: 
Algiers,  837. 
Arizona,  107,  282. 
CaUfomia,  49, 187, 206, 321. 
Dakotas,  84. 
Georgia,  862. 
Great  Plains,  72. 
Idaho,  488. 
India,  550,  624. 
Kansas,  212. 
Louisiana,  165. 
Molokai,  314. 
Nebraska,  90,91. 
Public  lands,  846. 
South  Dakota,  89. 
Texas,  252, 636. 
United  SUtes,  848. 
Washington,  505. 

General,  45, 366, 374, 487, 487, 627, 622. 
Lake  supplies,  South  Dakota,  89. 
Power:  - 

Dakotas,  84. 
Tennessee,  442. 
Water  supplies,  Ohio  and  Indiana,  301. 
General: 

Alabama,  502. 
Connecticut,  188. 
Florida,  169. 
Kentucky,  177. 
Maine,  18. 
Massachusetts,  78. 
Michigan,  71,  279. 
Minnesota,  207. 
Missouri,  497. 
New  Hampshire,  29. 
New  York,  610. 
Pennsylvania,  467. 
Rhode  Island,  74. 
Tennessee,  176. 
General,  364. 
Utah. 

C^ve  deposits,  146. 
Mine  waters: 

Descriptions,  26,  27,  28,  549. 
ITse  for  water  supplies,  26,  27. 
Mineral  waters,  production  of.    Sec  Mineml 

waters. 
Ore  deposits,  part  of  underground  waters  in 

formation  of,  143,  298,  518,  620,  649,  676. 
Principal  Survey  publication: 

Seepage  waters  in  northern  Utah,  165. 
Seepage,  155. 
Solfataras,  110. 

Springs,  common  and  thermal: 
Analyses,  5;i,  56,  392. 
Descriptions,  27, 170,  892,  504,  534.  549 
Occurrence  on  faults,  170. 
Quality,  392. 
Source  of  sulphur,  110. 
Temperature,  392. 
Uses,  392,  406. 
Yield,  392,  406. 
Underground  waters: 
Descriptions,  504. 
I-«vel  of,  146. 
Water  horizons,  549. 
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Mine  waters,  586. 

Mineial  waten,  production  of.    See  Mineral 

waters. 
Principal  Survey  publication: 

Town  water  supplies,  analyses  and  well 
and  spring  records,  420. 
i^prings: 

Analyses,  392,420. 

Descriptions,  802,420. 

Quality,  392.420. 

Source.  420. 

Temperature.  392.420. 

Usee.  892,406,420. 

Yield,  392.  420. 
rndeisToiind  waters: 

Analyses  of  public  supplies,  420. 

Occonence,  420. 

Use  for  public  supplies,  420i 
Welb: 

Analyses,  420. 

Descriptions,  420. 

Quality,  420. 

Reccwds,  420. 

Source,  420. 

Yield,  420. 
Work  of  U.  S.  Geological  Surrey,  167,680. 
Vesidea,  waters  in,  565. 
Vlrslnla. 

Brines,  analyses  of,  131. 

Descriptiona,  619. 
Mineral  wateia.  production  of.    See  Mineral 

wateis. 
Principal  Surrey  publications: 

Artesian  well  prospects  in  the  Atlantic 
Coastal  Plain.  86. 

Nominl  folio,  87. 

Xoflolk  folio,  79. 

Washington  folio,  94. 
Sinks  and  caves,  92. 
Springs: 

Analyses,  53,  54.  .'16.  892. 

Descriptions,  86, 92.  IM,  854,  892,  442. 

Quality.  392. 

Temperature,  882. 

Thermal,  92. 

Usa.392,406. 

Yield,  392,  406. 
Undeigiound  waters: 

Descriptiona,  78,  K7.  94.  97,  385. 

Work  of,  92. 
Water  horizons,  78,  86,  87,  94,  97. 
Wells: 

Analyses.  97. 

Descriptions,  86. 

Prospects,  86. 

Records,  86,  97. 154,  468,  479,  618. 

Temperature,  86,  96. 
Work  of  U.  S.  Geological  Survey,  439,574,576. 


Infiltration  works,  481. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Principal  Survey  publications: 
EUensburg  folio.  506. 
Geology  and  water  resources  of  Yakima 
County,  S06. 


'Waatalactoa— Continued . 

Principal  Survey  publications— <k>ntinued. 
Geological    reconnaissance    in    central 

Washington.  480. 
Reconnaissance  in   mmtbeastem    Wash- 
ington, 481. 
Springs: 

Analyses,  992,  426. 

Descriptions,  260,  354.  892,  425, 426, 505,  S06, 

607. 
Occurrence  on  flasures  and  faulta,  480. 
Quality,  392. 
Temperature,  392. 
Use: 

Medicinal  and  bathing  purposes,  426. 
Resorts,  406. 
General,  392. 
Yield,  392,  406. 
Underground-stream  channels,  377. 
Underground  waters: 
Circulation,  hK>. 

Descriptions,  374,  441.  480,  481,. 'i05, 506, 507. 
Movementii,  505. 
Occurrence  in  lava,  480,  481. 
Petrifaction  by,  480. 
Principles  of  occurrence,  4ku,  481. 
Work  of  solution.  877. 
Water  horizons,  480.  481. 
Wells: 

Construction,  505. 
Descriptions,  369,  354,  506. 
Discharge,  369. 
Location  of,  480. 
Records,  480. 
Temperature.  96,  480,  505. 
Use  for  irrigation,  505. 
Work  of  U.  S.  Geological  Survey,  25,  43,  578, 
580. 
Water,  artesian  and  underground.    Seo  Under- 
ground watem. 
Water  supplier,  public.    See  Public  supplies. 
"Watar  table,  general  discutwion  of.  .'1OO. 
WaverlT  formation,  waters  of.  3^. 
Weathering  by  underground  waters,  522,  565. 
Walla  and  borings. 
Construction: 

Arrangement,  45.  480. 
Drilling  and  casing: 
California,  259. 
Colorado,  245. 
Dakotas.  84. 
High  Plains,  268. 
Ix>uisiana,  210. 
Michigan,  141. 
South  Dakota,  540. 
Washington,  505. 
General,  46,  'SlA,  485,  4hh. 
Testing,  45,  277,  480,  4K4,  l«5,  4><6,  4W,  500. 
Contamination  of,  494,  500. 
Cost  of.    .See  Cost  of  wells. 
Deposits  in,  incrustation,  55. 
Descriptions.    See  under  States. 
Interierence  of,  407.  499.  500,  Mtt. 
Mineral.    See  Mineral  water. 
Pumping.    See  Pumping. 
Records.    See  Records. 
Relation  to  faultH.    See  Faults. 
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"Welli  and  borixig»— Continued. 

Siatlsticfl.    See  Records,  and  Wells    under 

States. 
Yield.    See  Dischaxfife. 
Western  Qulf  coast: 

Association  of  underground  waters  with  oil, 

etc.,  3. 
Salt  springs,  8. 
Sulphur  waters,  8. 
Well  records,  3. 
Western  interior,  well  records,  2. 
Wast  Virginia. 

Brines,  108, 440,  616. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Sinks  and  caverns,  89,  92. 
Springs: 

Analyses,  892. 
Descriptions,  892. 
Quality,  892. 
Temperature,  892. 
Uses,  892,406. 
Yield,  892,406. 
Thermal  springs,  92. 
Underground  waters,  solution  by,  88,92. 
Wells: 

Records,  88, 89, 40, 468. 
Temperature.  68, 171, 172, 439, 440, 574. 
Work  of  U.  S.  Geological   Survey  on  well 
temperatures,  574. 
Wlsoonsin. 

Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters  in, 

formation  of,  568. 
Springs: 

Analyses,  892. 
Descriptions,  892. 
Quality,  892. 
Temperature,  892. 
Uses,  892,  406. 
Yield,  892,406. 
Wells  of  the  driftless  area,  46. 
Wells,  temperature,  96. 
Work  of  U.  8.  Geological  Survey.  167,  471,  680. 
Wissahiokon  gneiss,  waters  of,  16. 
Woodbtns  formation,  waters  of.  242. 
Work  on  underground  waters.    See  Hydrologic 

work. 
Wyoming.    See  also  Yellowstone  National  Park. 
Brines,  4, 102. 
Mine  waters,  517. 
Mineral  waters,  production  of.    See  Mineral 

waters. 
Ore  deposits,  part  of  underground  waters,  in 

formation  of,  517. 
Principal  Survey  publications. 

Analyses  of  waters  of  Yellowstone  Na- 
tional Park,  178. 
Newcastle  folio,  102. 
Water  resources  of  the  Black  Hills  and 

Wyoming,  93. 
Water  resources  of  the  Patrick  and  Goshen 

Hole  quadrangles,  4. 
Yellowstone  National  Park  folio,  199. 
Seepage,  4. 


Wyoming'— Continued. 
Springs:  . 

Analyses,  892. 
Deposits,  186,  201. 
Descriptions,  4,  57,  68,  96, 882. 
Lists,  191. 
Quality,  892. 
Solution  by,  151. 
Sulphur,  186, 151. 
Temperature,  892. 
Use,  392. 
Yield,  892. 
Thermal  springs: 

Deposits,  exhibit  of.  at  Chicago  Workl's 

Fair,  196. 
Descriptions,  186, 151, 201. 
Relation  to  anticline,  136. 
Sulphur,  201. 

Work  of  U.  S.  Geological  Survey  on.  192, 
193, 194,  195, 196. 
Underground  waters: 
Action  on  rock,  201. 
Circulation,  517. 
Occurrence  In  Black  Hills,  98. 
Prospects,  512. 
Work  of  solution,  151. 
Water  horizons,  4.  03, 102. 
Wells: 

Analyses,  102. 
Records,  93, 102. 
Work  of  U.  S.  Geological  Survey,  104. 192,193, 
194, 196,  5T7,  578,  580. 
Tellowstono  National  Park. 
Geysers: 
Action- 
Antiquity  of,  199. 
Changes  in,  434. 
Work  on,  190, 191. 
Analyses,  54. 
Deposits- 
Antiquity  of,  190. 
DescripUons,  192, 193, 194. 199. 
Exhibit  at  Chica«(b  World's  Fair.  198. 
Description's,  192, 193, 194, 195. 
Work  on,  67. 190, 192, 193.  194, 196, 196. 
Principal  Survey  publications: 

Analyses  of  waters  of  Yellowstone  Na- 
tional Park.  178. 
Yellowstone  National  Park  folio,  199. 
Springs,  common  and  thermal: 
Action,  195. 

Action  on  rocks,  199,  587. 
Algous  growth  in,  198,  587. 
Analyses.  54,  58, 178, 191,  893. 
Analyses,  list  of,  191. 

Composition,  57, 178, 192, 194,  892.  434. 5t<S. 
Deposits — 

Analyses,  65. 
Antiquity  of,  199. 

Descriptions,  192, 198, 194, 196, 584, 587. 
Temperature,  178, 190, 390. 
Therapeutic  value,  58. 
Use.  392. 

Work  on,  57, 189, 196,  4S2,  433,  484. 
Yield,  392. 
Work  of  U.  S.  Geological  Survey,  57, 189. 190. 
482.  438.  434. 
7ield  of  springs  and  wells.    See  Discharge. 
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PlTiLICATIONS  OF  UNITED  STATES  GEOLOGirAL  SrRVEY. 

[Water-supply  Paper  No.  120.] 

The  serial  publications  of  the  United  States  Geolofncal  Kun-ey  consist  of  ( 1 )  Annual 
Reports,  (2)  monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of 
I'nited  States — folios  and  separate  sheets  thereof,  (8)  (reologic  Atlas  of  the  Ignited 
States — ^folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
OD  application. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
objects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  £,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
a^;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; X,  Water  power;  O,  Underground  water;  P,  Hydrographic  progress  reports. 
This  paper  is  the  thirty-fourth  in  Series  O,  the  complete  list  of  which  follows. 
(PP=Profea8ional  Paper;  B=Bulletin;  WS= Water-Supply  Paper.) 

SsRiKS  O— Undeborocnd  Watbrb. 

WS    4.  A  reconnaiflBance  In  KiatheaBtem  Waahlngton,  by  I.  C.  Riuaell.    1S97.    96  pp.,  7  pis. 

Wi^    6.  Underground  waters  of  south  weiitem  Kansas,  by  E.  Ha  worth.    1897.    65  pp.,  12  pis. 

WS    7.  Seepage  watem  of  northern  Utah,  by  Samnel  Fortler.    1S97.    60  pp.,  8  pis. 

WS  12.  Underground  waters  of  sootheastem  Nebraska,  by  K.  H.  Darton.    1S98.    66  pp.,  21  pis. 

W5  21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1S99.    S2  pp.,  2  pis. 

WS  as.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leyerett    1899.    64  pp. 

WS  90.  Water  resources  of  the  Lower  Peninsula  of  Michigan,  by  A.  C.  Lane.    1899.    97  pp.,  7  pis. 

WS  SI.  Lower  Michigan  mineral  waters,  by  A.  C.  Lane.    1809.    97  pp.,  4  pis. 

WS  34.  Geology  and  water  reeouroea  of  a  portion  of  southeastern  South  Dakota,  by  J.  E.  Todd.    1900. 

34  pp.,  19  pis. 
WS  51  Geology  and  water  resources  of  Nes  Perces  County,  Idaho,  Pt.  I,  by  I.  C.  Russell.    1901.    mh 

pp.,  10  pis. 
WS  54.  Geology  and  water  resources  of  Nei  Percea  County,  Idaho.  Pt.  II,  by  I.  C.  Russell.    1901. 

97-141  pp. 
W.H  56.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.    1901. 

68  pp.,  7  pis. 
WS  57.  Preliminary  list  of  deep  borings  in  the  United  SUtes,  Pt.  I.  by  N.  H.  Darton.    1902.    60  pp. 
WS  50.  DeTelopment  and  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott.   1902. 

96  pp.,  11  pis. 
WS  60.  Development  and  application  of  water  in  southern  California,  Pt.  n.  by  J.  B.  Lippincott. 

1902.    96-140  pp. 
WS  61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  II.  by  X.  H.  Darton.    1902.    67  pp. 
WS  67.  The  motions  of  underground  waters,  by  C.  8.  Slichter.    1902.    106  pp.,  8  pi?. 
B    199.  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Russell.    1902.    1^2 

pp.,  25  pis. 
WS  77.  Water  resources  of  Molokai,  Hawaiian  Islands,  by  W.  Lindgren.    1908.    62  pp.,  4  plfl. 
WS  7S.  Preliminary  report  on  artesian  basin  in  southwestern  Idaho  and  southeastern  Oregon,  by  I.  C. 

Russell.    1909.    63  pp.,  2  pis.  . 
PP   17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  third  meridian,  by  N.  H.  Darton.    1908.    69  pp.,  43  pis. 
Ws  90.  Geology  and  water  resources  of  part  of  the  lower  James  River  Valley,  South  Dakota,  by  J.  E. 

Todd  and  C.  M.  Hall.    1904.    47  pp.,  28  pis. 
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II  ADVERTISEMENT. 

WS  101.  Underground  waters  of  southern  Louisiana,  by  G.  D.  Harris,  with  dis«usHioni)  of  their  uses  for 

water  supplies  and  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    98  pp.,  11  pis. 
WS  102.  Contributions  to  the  hydrology  of  eastern  United  States,  1908,  by  M.  L.  Fuller.    1904.    522  pp. 
WS  104.  Underground  waters  of  the  Gila  Valley,  Arizona,  by  W.  T.  Lee.    1904.    68  pp.,  5  pis. 
WS  106.  Water  resources  of  the  Philadelphia  district,  by  Florence  Bascom.    1904.    75  pp.    4  pis. 
WS  110,  Ctontributions  to  the  hydrology  of  eastern  United  State**,  1904;  M.  L.  Fuller,  geologist  in 

charge.    1905.    211  pp.,  6  pis. 
PP    32.  Geology  and  underground  water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton.    1905. 

433  pp.,  72  pis. 
WS  111.  Preliminary  report  on  underground  waters  of  Washington,  by  Henry  jAndes.    1905.    i>5  pp.. 

Ipl. 
WS  112.  Underflow  tests  in  the  drainage  basin  of  Los  Angeles  River,  by  Homer  Hamlin.    19<^ 

55  pp.,  7  pis. 
WS  114.  Underground  waters  of  eastern  United  States,  by  M.  L.  Fuller  and  others.    190&    2S5  pp., 

18  pis. 
WS  UH.  Geology  and  water  resources  of  east-central  Washington,  by  F.  C.  Calkins.    1905.    96  pp., 

4  pis. 
B     2o2.  Preliminary  report  on  the  geology  and  water  resources  of  central  Oregon,  by  I.  C.  Ruseell. 

1905.    138  pp.,  24  pis. 
WS  120.  Bibliographic  review  and  index  of  papers  relating  to  undeiground  waters  published  by  the 

United  States  Geological  Survey,  1879-1904,  by  M.  L.  Fuller.    1905.    128  pp. 

The  following  papers  also  relate  to  this  subject:  Underground  waters  of  Arkansas  Valley  in  eastern 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 

United  State8  (teological  Survey, 

Htdrographic  Branch, 
Washington^  D,  (7.,  De4.'einher  12^  190J^. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
'' Preliminary  Report  on  the  Pollution  of  Lake  Champlain,'^  by 
Marshall  Ora  Leighton,  and  to  request  that  it  be  published  as  one  of 
the  series  of  Water-Supply  and  Irrigation  Papers. 

Lake  Champlain  is  an  interstate  and  international  body  of  water. 
In  colonial  times  it  was  of  great  commercial  importance,  and  with  the 
development  of  the  national  resources  in  its  immediate  drainage  area 
it  became  a  great  highway.  Its  greatest  industrial  importance  was 
during  the  period  1860  to  189(),  since  which  time,  by  reason  of  railroad 
c-ompetition  and  the  closing  of  many  industries,  its  commercial  |K>sition 
has  steadily  declined.  At  present  it  appears  that  its  future  usefulness 
will  be  that  of  a  source  of  water  supply,  and  therefore  the  character 
of  the  lake  water  is  of  first  importance. 

The  investigations  reported  in  this  paperwere  made  in  response  to 
a  request  of  Hon.  John  G.  McCullough,  governor  of  the  State  of  Ver- 
mont A  remarkably  persistent  agitation  had  been  going  on  concern- 
ing the  pollution  of  the  lake  by  certain  cities  and  industrial  plants,  and 
alle^tions  were  made  which  involved  the  States  of  New  York  and 
Vermont,  with  all  the  consequent  interstate  and  international  ques- 
tions. The  time  at  the  disposal  of  the  author  was  too  short  to  com- 
plete an  extended  investigation  of  the  whole  question,  and  therefore 
the  work  was  confined  to  a  consideration  of  the  specific  points  at  issue. 
The  investigations  reported  are  of  great  value  outside  of  the  immediate 
area  tributary  to  Lake  Champlain,  for  the  subject  of  pollution  of 
natural  waters  by  industrial  wastes  is  of  prime  importance  in  every 
manufacturing  region. 

Very  respectfully,  F.  H.  Newell, 

CKu'f  Engineer, 

Hon.  Charles  1).  Walcott, 

D^irector  Urdted  States  Geological  Survey. 
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PRELIMINARY  REPORT  ON  THE  POLLUTION  OF 

LAKE  CHAMPLAIN. 


By  M.  O.  Leighton. 


INTROT>ITCnON. 

Certain  persons  owning  property  along  the  shores  of  Lake  Cham- 
plain  allege  that  the  water  of  the  lake  is  being  polluted  by  enor- 
mous discharges  of  waste  materials  from  the  several  wood-pulp  mills 
located  upon  the  tributary  streams  in  New  York  State.  They  also 
claim  that  sewage  from  the  various  cities  situated  on  the  lake  border, 
especially  from  Burlington,  Vt.,  is  a  damage  to  the  water,  though  to 
a  far  less  degree  than  that  from  the  pulp  mills.  The  allegations  of 
these  parties  to  the  controversy  ma}'  be  briefly  summed  up  as  follows: 

1.  That  the  water  of  the  lake  has  been  rendered  unfit  for  domesti<' 
cousamption. 

±  That  the  discharges  from  the  mills  are  destructive  to  fish  life  and 
that  dead  fish  are  washed  upon  the  shores  in  ruinous  quantities. 

3.  That  the  taste  of  the  water  is  so  disagreeable  that  cattle  refuse  to 
drink  it  and  the  usefulness  of  the  lake  as  a  watering  place  for  stock  is 
thereby  destroyed. 

4.  That  the  wastes  from  the  mills  promote  a  luxuriant  growth  of 
green  algse,  which,  gathering  along  the  shores<,  make  them  unattract- 
ive and  decrease  the  value  of  property  for  summer  homes. 

5.  That  the  proprietors  of  the  pulp  mills  wantonly  discharge  these 
wastes  into  the  lake,  making  no  worthy  efforts  to  improve  the  condi- 
tion, but  rather  postponing  by  equivocation,  false  promises,  and  legal 
subterfuges  the  day  of  rightful  adjustment. 

In  response  to  these  allegations  the  proprietors  of  the  various  mills 
state  that  the  wastes  discharged  into  the  lake  are  in  nowise  harmful 
thereto,  that  they  are  taking  all  possible  precautions  against  and  have 
spent  large  sums  of  money  to  prevent  the  pollution  of  the  lake,  and 
that  the  parties  to  the  complaint  are  misinformed,  unduly  alarmed, 
or  wantonly  untruthful. 

The  city  of  Burlington,  Vt.,  the  largest  community  upon  the  lake, 
draws  its  water  supply  therefrom  and  discharges  its  sewage  at  a  point 
less  than  3  miles  from  the  water  intake.  In  this  city  there  appears  to 
be  little  apprehension  concerning  the  influence  of  the  city  sewage  upon 
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the  water  supply,  but  great  alarm  has  been  felt  lest  the  wastes  from 
the  pulp  mills  on  the  New  York  side  of  the  lake  should  flow  across  the 
normal  lake  current  for  10  miles  and  poison  the  city  supply. 

The  conditions  outlined  above  led  at  first  to  a  mild  and  considerate 
discussion  among  the  parties  interested,  which  finally  developed  into  an 
acrimonious  struggle,  full  of  personal  bitterness  and  involving  in  the 
end  both  the  New  York  and  the  Vermont  State  governments.  Through 
the  press  the  conditions  were  widely  advertised  and  much  distorted. 
The  situation  became  so  acute  that  a  thorough  investigation  was  deemed 
necessary,  and  the  following  communication  was  addressed  to  the 
Director  of  the  United  States  Geological  Survey  by  the  Hon.  John  G. 
McCullough,  (Tovernor  of  the  State  of  Vermont: 

North  Bennington,  Vt.,  March  SI,  1904- 

Sir:  An  extended  examination  of  the  waters  of  Lake  Champlain  with  especial 

reference  to  the  effect  of  polluting  materiale  turned  into  the  lake  would  be  extremely 

(leeirable  and  of  public  benefit  at  the  present  time. 

Lake  Champlain  iH,  as  you  are  aware,  an  interstate  body  of  water  and  itH  resourren 

are  of  great  importance  to  the  States  of  Vermont  and  New  York.     In  order  that 

these  resources  may  be  conserved  it  is  necessary  that  the  purity  of  ita  waters  be 

maintained.     Therefore  a  detennination  of  the  present  condition  of  the  lake,  the 

effect  of  the  wastes  which  are  being  poured  into  it,  and  the  conditions  which  an» 

likely  to  arise  in  the  future  if  present  practi(;es  with  reference  to  waste  dispOBal  are 

continue<l  is  highly  desirable. 

On  account  of  the  interstate  features  which  prevail,  I  am  of  the  opinion  that  the 

work  above  outlined  can  better  be  carried  on  by  some  national  authority,  and  as  I  aui 

informed  that  the  hydrographic  branch  of  the  United  States  Geological  Survey  is 

empowered  by  Congress  to  determine  the  water  supplies  of  the  United  States  and  an 

appropriation  is  made  therefor,  I  respectfully  request  that  an  equitable  portion  of 

the  funds  available  for  such  work  be  applied  to  the  investigation  of  Lake  Cbam- 

j)laiii  and  that  properly  qualified  ofl&cials  be  assigned  to  the  work. 

Res]>ectfully,  yours, 

John  G.  McCullough,  Governor, 
The  Director 

V,  S.  Geological  Survey,  WashingUnif  D.  C. 

In  conjpliance  with  the  above  request  the  author  of  this  report  was 
detailed  to  carry  on  the  investigations,  and  entered  upon  the  work 
July  1,  1903.  lie  desires  here  to  make  acknowledgment  of  timely 
seiTices  rendered  during  the  investigation  by  many  persons,  and 
especially  by  Mr.  Edward  Hateh,  jr.,  and  Mr.  A.  H.  Ellis,  the  prin- 
cipal parties  to  the  original  complaints;  Mr.  A.  G.  Paine,  jr.,  general 
manager  of  the  New  York  and  Pennsylvania  Compan}^;  Mr.  R,  L.  P. 
Mason,  superintendent  of  the  Champlain  Mills  of  the  New  York  and 
Pennsylvania  Company;  Mr.  Charles  E.  Bush,  general  manager  of 
the  Ticonderoga  Pulp  and  Paper  Company;  Mr.  James  Rogers,  of  the 
J.  and  J.  Rogers  Company;  Dr.  B.  H.  Stone  and  Mr.  C.  P.  Moat,  of 
the  State  laboratory  of  hygiene,  Burlington,  Vt.;  Hon.  Edward  L. 
Bates,  secretary  of  civil  and  military  affairs.  State  of  Vermont;  and, 
finally,  to  His  Excellency,  Governor  John  G.  McCullough,  State  of 
Vermont 
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IjAKK    CHAMPIiAIN. 

HISTORY  AND  DEVELOPMENT. 

Samuel  de  Champlain,  a  native  of  Broua^e,  a  Catholic  supporter  of 
Henry  of  Navarre,  sometime  in  the  service  of  Spain  in  the  Caribbean, 
and  finally  a  governor  of  New  France,  discovered  Lake  Champlain 
on  July  4,  1609.  The  purposes  of  his  journey  from  the  new  settle- 
ment at  Quebec  to  this  body  of  water  were  not  those  of  exploration 
and  discovery,  nor  was  he  actuated  by  the  spirit  of  legitimate  con- 
quest as  it  was  then  recognized.  His  first  visit  to  the  lake  was  in 
confirmation  of  an  agreement  with  the  Algonquian  Nation  to  intervene 
in  the  struggle  between  it  and  the  Iroquois.  The  discover}^  of  Lake 
Champlain  was  but  an  incident  in  an  ill-advised  campaign  which  in 
after  years  brought  untold  suffering  and  death  to  French  colonists — a 
campaign  which  has  never  been  justified,  rarely  defended,  and  which 
in  the  final  analysis  seems  to  have  been  merely  the  indiscreet  act  of  a 
brave  and  distinguished  warrior  impatient  of  his  idle  sword. 

The  discovery  of  Lake  Champlain  and  the  discoverer's  espousal  of 
the  Algonquian  cause  is  all  important  in  the  subsequent  history  of  the 
lake.  The  country  thereabout  became  a  battle  ground  on  which  was 
fought  out  the  relentless  hatred  of  the  Iroquois  for  the  French.  "It 
was  but  a  holiday  skirmish  for  the  French,  but  it  was  the  cause  of  a 
bitter  and  bloody  hatred  on  the  part  of  the  Iroquois,  a  hatred  which 
afterwards  never  slept.  The  long-standing  enmity  cherished  by  that 
nation  toward  the  Algonquins  extended  thenceforth  to  the  French 
also.  In  later  years,  when  the  English  and  Dutch  sided  with  the  Iro- 
quois, the  feud  became  a  fierce  and  deadly  war  that  at  times  threatened 
the  life  of  the  whole  colony  of  New  France. '"'* 

So  it  was  that  Lake  Champlain  afterwards  became  a  route  by  which 
the  northern  and  southern  Indian  nations  made  their  attacks  upon  each 
other.  It  was  hotly  contested  country  during  all  the  colonial  wars 
between  the  French  and  the  English,  and  after  the  British  dominion 
included  Canada  it  was  again  a  great  warpath  during  the  war  of  the 
Revolution  and  that  of  1812.  During  all  these  years  the  country  grew 
in  commercial  and  political  importance,  and  the  lake  was  a  great  high- 
way in  times  of  peace.  With  the  opening  of  Champlain  Canal,  connect- 
ing the  southern  end  of  the  lake  with  Hudson  River,  there  came  days 
of  prosperity.  Iron  mines  were  opened  in  the  Adirondack  Mountains, 
the  products  of  which  found  a  ready  outlet  by  way  of  the  lake.  The 
lumber  interests  were  enormous,  and  many  small  ports  grew  up  as 
centers  for  these  products.  The  lake  was  a  busy  and  bustling  place, 
dotted  over  with  lines  of  canal  boats,  rafts  of  logs,  and  vessels  under 
sail  and  steam. 


a  Diz,  Edwin  Asa,  Champlain,  the  founder  of  New  France,  p.  114. 
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All  this  lias  now  practically  disappeared.  The  visitor  to  the  lake 
to-day  will  see  at  rare  interv^als  a  solitary  line  of  canal  boats  under  con- 
voy of  a  steam  towboat,  a  passenger  steamer,  of  which  there  are  sev- 
eral, making  landings  at  important  points,  or  the  private  boat  of  some 
well-to-do  sojourner;  oftener  he  will  see  nothing  but  a  large  expanse 
of  water  backed  by  blue  mountains  and  intercepted  here  and  there  by 
groups  of  islands.  This  diminution  of  freight  traffic  seems  to  the 
observer  even  greater  than  the  actual  figures  (Table  II,  p.  13)  prove  it 
to  be.  The  freight  is  largely  carried  in  canal  boats,  which  are  drawn 
together  in  a  double  line  consisting  usually  of  30  to  40  individual  boats. 
Thus  a  heavy  tonnage  is  carried  without  giving  to  the  lake  the  animated 
appearance  which  would  result  if  the  same  burden  were  carried  by 
many  smaller  boats.  Viewed  from  many  directions  the  lake  is  almost 
as  solitary  now  as  it  must  have  been  on  the  day  of  its  discovery.  It 
is  a  deep,  long,  narrow  sea,  beautiful  in  its  details,  whimsical  in  its 
changes,  and  treacherous  in  its  storms.  The  cities  and  towns  upon  its 
banks  have  in  many  cases  maintained  their  prosperity,  though  not  by 
virtue  of  their  position  with  reference  to  the  lake.  Many  others 
have  lapsed  into  rural  distributing  centers,  interesting  only  in  their 
memories. 

The  following  table  shows  clearly  the  rise  and  fall  of  communities 
in  the  Lake  Champlain  region: 

Table  I. — Population  of  tmrnn  ftonierhig  on  Ijdke  Champlain, 


1820. 


Champlain,  N.  Y 1,618 

Chazy,  N.  Y 2,813  . 

Plattsburg,  N.  V 3, 519 

Chesterfield.  N.  Y.  (includ- 
ing Kee«evi  lie) 667 

WiUsboro,  X.  Y 888 

Kssex,  N.  Y '    1,225 

Wcstport,  N.  Y 1,095 

Moriah.N.Y 842 

Crown  Point,  N.  Y 1 ,  522 

TiconderoKU.  X.  Y 1.498 

Whitehall .  N.  Y 2, 341 

West  Haven,  Vt 

Benson,  Vt 

Orwell,  vt ; 

Vi'ixenncs,  Vt I 

Burlington,  Vt ' 

St.  Alban«,  Vt ! 


1830. 

1H40. 

_ 

3,682 

law. 

5,067 

1860. 

_     _-     _ 

5,867 

1870. 

1880. 

1H9U. 

1 

2,45(5 

5,080 

5,407 

5,207  , 

3,097 

3,584 

4,324 

3,399 

3,206 

3,147 

2,867 

4,918 

6,416 

5,618 

6.070 

8,414 

8,283 

9,600 

1,671 

2,716 

4,171 

3,179 

2.795 

2,752 

2,648 

1,316 

1,658 

1,932 

1,519 

1.719 

1,450 

1,568 

1,543 

1,681 

2,351 

1,633 

1,600 

1,462 

1,437 

1,513 

1,932 

2,352 

1,981 

1,577 

1,737 

1,8W 

1,742 

2,595 

3,065 

3,466 

4,68:) 

7,379 

6,787 

2,041 

2,212 

2,378 

2,262 

2.449 

4,287 

3,185 

1,990 

2,169 

2,590 

2,271 

2,669 

3,3(M 

3,980 

2,888 

3,813 

4,726 

4,862 

5,664 

6,347 

6. 402 

724 

774 

718 

580 

713 

492 

412 

1,493 

1,403 

1,305 

1,256 

1,244 

1,104 

880 

1.598 

1,504 

1,470 

1,811 

1,192 

1,351 

1,265 

1,017 

1.578 

1,286 

1,570 

1,782 

1,77:;  j 

'    3,526 

4,271 

7, 521 

7,713 

14,387 

11,365 

14.590 

2, 395 

2, 702 

1,814 

3,637 

7,014 

7,198 

7,771 

i9(;o. 

4,74^ 

2,T« 

11,612 

2.:iiy 

1.,t:j2 
l.Sii 
1.7-'7 
4,447 
2,112 
5,CHN 
5,29l^ 

3:.5 

M4 

l.lriO 

1,7.'^ 

18,640 

7.9e^ 
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Table  IL — Freight  truffir  on  Ltikc  Chmnfilain  niim'  /S.i.i. 

[Tons.] 


Ye*r. 


Kuterud. 


CleariKl. 


Ycnr. 


l.s:«. 
\M0. 

KH44. 

IM6. 

KSoO. 
ISol. 
1S52. 
1S53. 

1H.74. 

Kt6. 
1*^57. 


1S60. 
lt<61. 
1S62. 
l.S«3. 

iW7. 
1SH.H. 
1H6J*. 


67 

50 

62 

1()9 

52 

107 

89 

1(M 

175 

193 

207 

217 

78 

52 

102 

43 

09 

122 

128 

101 

69 

94 

68 

103 

1&5 

175 

187 

200 

219 

294 


477 

Oil 

008  i 

516  ! 

453 

:i86  ' 

801 

571 

522 

988  ■■ 

392 

855 

353 

399 

469 

441  i 

226  ' 

543  ' 

355  1 

614 

822 

132 

426 

886 

3:«  , 

813  , 

a5o 

623 
530 
767 


67 

50 

62 

109 

52 

108 

89 

108 

170 

192 

190 

212 

80 

52 

97 

44 

94 

117 

118 

96 

60 

67 

56 

147 

155 

172 

179 

188 

201 

278 


101 

Oil 

008  : 

516  ' 

274  ' 

182 

073 

212  i 

196 

536 

813  , 

648 

117 

904 

678 

671 

161 

336 

226 

845 

614 

203 

311 

652 

474 

471 

365 

404 

357 

431 


1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
18a5. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 


Kntcrvil. 

('l(«n><1. 

XiT,  (HO 

:«6. 5<>5 

325,  6»>8 

318, 675 

327,  529 

329, 182 

:i50,  2t)2 

354, 937 

273, 619 

274, 962 

212,  i:w 

204,800 

192,  856 

192,621> 

174,875 

169, 665 

179,324 

186, 227 

20:i,  103 

203,  856 

213, 407 

219, 506 

248,508 

249, 939 

249, 949 

156, 424 

223,260 

212,429 

180,504 

172,691 

178,493 

175,782 

182,  326 

177,  754 

214, 063 

222, 244 

209, 459 

215,  790 

208, 185 

194,862 

150,  :^66 

157,  :i50 

137,850 

132, 626 

151,  189 

145, 324 

144, 849 

149, 731 

I6:i,2:w 

156,840 

201,070 

224,  o:« 

182,0.54 

181,495) 

179,714 

180,  710 

113,130 

111,446 

146,613 

156,393 

Lake  Cfaaniplain  has  become  comparatively  unimportant  from  a 
purely  coniiuercial  standpoint.  Whether  or  not  the  improvements 
i-ontemplated  by  the  State  of  New  York,  which  will  result  in  increas- 
ing the  size  and  capacity  of  Champlain  CanaU  will  restore  the  lake  to 
anything  like  its  former  importance,  is  questionable.  At  all  events 
it  will  not  so  enhance  the  commercial  importance  of  the  lake  that  its 
future  really  great  function,  that  of  water  supply,  will  be  over- 
shadowed. It  is  apparent  that  the  highest  development  will  be  reached 
as  a  place  for  summer  homes  and  as  a  source  of  municipal  water  supply. 
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As  the  growth  of  the  urban  population  becomes  still  more  important, 
it  will  be  necessary  more  and  more  to  conserve  all  those  bodice  of 
water  that  can  be  retained  in  practically  pure  condition  and  to  safe- 
guard them  for  all  future  time.  Therefore  the  matter  of  pollution 
dealt  with  in  the  following  pages  becomes  a  most  important  consid- 
emtiou  in  connection  with  the  lake  and  it«  future. 

GENERAL   DESCRIPTION  OF  THE  LAKE. 

Lake  Champlain  is  a  long,  narrow  basin  l^^ing  between  the  State*?  of 
New  York  and  Vermont  and  extending  across  into  the  Dominion  of 
Canada.  Its  extreme  length  is  said  to  be  about  130  miles,  while  \t< 
greatest  breadth,  a  short  distance  north  of  Ausable  Point,  is  about 
11  miles.  The  lake  occupies  the  narrow  valley  dividing  the  Adiron- 
dack Mountains  of  New  York  from  the  Green  Mountains  of  Ver- 
mont. These  mountains  come  down  close  to  the  border  of  the  lake  for 
considemble  distances  along  the  New  York  shore,  while  on  the  Ver- 
mont side  there  is  generally  a  good  space  of  rolling  country  between 
the  shore  and  the  foothills. 

The  late  Prof.  Ebenezer  Emmons,  at  one  time  in  charge  of  inves- 
tigations in  the  second  geological  district  of  New  York  (comprising 
the  counties  of  Warren,  Essex,  Clinton,  Fmnklin,  St.  Lawrence, 
Jefferson,  and  Hamilton),  made  a  report  under  date  of  JanuaiT  1, 
1842,  to  Governor  William  H.  Seward,  in  which  the  following  obser\a- 
tions  were  made  with  reference  to  Champlain  Valley: 

The  length  of  this  valley  is  180  miles,  if  it  is  to  be  considered  as  extending  to  St, 
Johns;  but  it  ap{)ears  to  open  into  the  valley  or  basin  of  the  St.  Lawrence  20  mile? 
to  the  Houth.  The  greatest  depression  of  this  valley  is  between  Westport,  Burling- 
ton, and  Port  Kent.  By  Hounding  close  to  the  edge  of  the  perpendicular  n»ok?, 
about  4  miles  north  of  Westport,  I  found  the  depth  to  exceed  J^OO  feet.  By  sound- 
ings at  other  places  in  this  part  of  the  lake  its  depth  has  been  found  to  be  600  feet; 
it  extends,  therefore,  500  feet  at  least  below  the  level  of  the  ocean.  Situated  as  the 
lake  is,  entirely  upon  the  western  side  of  tlie  valley,  ita  bed  must  be  reganled 
as  a  deep  cha.sm  princiiMilly  in  the  primary  rocks;  for  from  the  lake  shore  uixm 
this  side  the  slope  is  abrupt  along  the  whole  portion  where  the  several  mountain 
ranges  reach  it,  ex(;ept  in  those  portions  of  it  which  are  bordered  by  the  minor 
valleys.  The  character  of  the  slope  upon  the  east  side  is  quite  different  from  t!ie 
west;  that  is,  it  is  longer  and  much  more  gradual  in  its  descent;  it  comprehen«l? 
most  of  the  valley.  In  a  direct  line,  or  a  line  perpendicular  to  the  course  of  the  lake 
and  the  Green  Mountain  Range,  it  can  not  exceed  25  miles,  and  probably  the  averaj:e 
width  of  this  valley  is  al)out  20  miles.  At  many  places  the  lake  is  bordered  by  stt^ep 
banks  comjKwed  of  clay  and  sand,  the  greatest  height  of  which  is  about  100  feet  It 
is  not  my  purpose,  in  this  place,  to  consider  the  nature  of  this  formation  or  its  agi% 
!)ut  it  is  proj)er  to  remark  that  it  is  marine,  as  at  many  points  it  furnishes  an  ahun- 
dan<re  of  fossils  Ix^longing  to  those  species  which  are  now  inhabitants  of  the  sea  on  the 
Atlantic  coast — those,  too,  which  belong  to  the  same  latitudes.  Thus,  I  have  found 
the  Myn  arnviria^  Mya  tnincata,  Natica  clatisa,  Tritoniwn  anglicinn^  Trilonium  fomicti- 
tuniy  Scalaria  (^roenlandivn^  Sa.ricarn  rugosOy  Tellina  groenlandicOf  Balanus  mii^er,  Peclnt 

isiandicusy  Tcrehratula  psiUaceay  Modi/tln ,  and  several  other  shells,  amounting  in 

all  to  about  twenty  species,  all  of  which,  as  has  been  remarked,  belong  to  the  pres- 
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eiit  Atlantic  shore.  We  may  therefore  consider  the  sediment  of  this  valley  as  quite 
recent,  and,  in  addition  to  this,  as  having  ondeiigone  but  little  change  since  the 
marine  occupants  gave  pla4*e  to  the  lacustrine. 

On  the  New  York  side  there  are  several  small  and  unimiK>rtant  valleys  which  o|>en 
into  theChamplain.  The  most  important  are  those  of  Lake  Geoi^B,  which  has  already 
been  spoken  of  as  extending  to  the  plains  of  Saratoga,  the  Bouquet,  A  tunable,  an<l 
Saranac.  The  Bouquet  is  narrow  and  runs  nearly  in  tlie  direction  of  the  lake  for 
about  8  miles,  along  the  junction  of  the  primary  with  the  transition  nx'ks.  TIm»  Au- 
isable  is  much  more  important,  and  is  geologically  interesting  for  the  gorges  in  the 
Potsdam  sandstone  through  which  the  Ausable  flows.  The  river  flows  near  the 
southeastern  side  of  this  valley,  and  it  is  not  improbable  that  it  would  be  proper  to 
consider  the  Ausable  and  Saranac  as  but  one  valley.  Considerecl  as  one,  it  extends 
20  miles  west  of  the  lake,  and  north  till  it  terminates  in  the  valley  of  the  St.  Law- 
rence. It  lies  in  the  angle  formed  by  tlie  great  Adirondack  on  the  south,  and  Lyon 
and  Whiteface  on  the  west  and  northwest.  It  extends,  therefore,  from  Keeseville  to 
Champlain,  and  from  Plattsburg  to  Redfoni.  Geologically,  this  valley  is  important 
and  interesting,  particularly  as  it  furnishes  a  l)etter  development  of  the  lower  tran- 
sition rocks  than  any  other  part  of  the  State.  It  is  only  here  that  we  find  the  series 
complete.  The  phenomena,  too,  of  uplifts  and  fractures  are  finely  displayed,  in  addi- 
tion to  which,  all  the  elementary  principles  of  geolc^y  may  be  found  illustrated  in  a 
field  quite  accessible. 

1  have  only  to  notice  one  other  feature  in  the  valley  of  Champlain,  viz,  the  obli<|uity 
of  its  subordinate  valleys.  Thus,  on  the  west,  or  New  York  side,  they  open  to  the 
northeast;  on  the  east,  nearly  to  the  northwest;  though  as  it  regards  the  latter, 
their  course  coincides  more  nearly  with  the  direction  of  the  Green  Mountain  Range. 
Thus,  the  valley  of  Otter  Creek  coincides  very  nearly  with  that  of  the  lake,  or  with  a 
north  and  south  direction.  These  facts,  it  is  true,  are  unimportant  in  themselves, 
and  they  are  only  notice<l  for  the  puriKDse  of  showing  more  clearly  the  slope  and 
convei^^nces  of  the  valley.  It  is  only  l)y  these  facts  that  this  structure  can  be 
demonstrated. 

The  question  concerning  the  age  of  valleys  is  quite  as  important  as  that  of  the 
mountain  system.  In  many  instances  these  two  inquiries  are  connected  and  insepa- 
rable from  each  other,  or  the  determination  of  one  settles  that  of  the  other.  Though 
it  is  difficult  to  determine  the  question  under  consideration  with  much  exactitude, 
still  there  are  two  or  three  facts  which  are  important:  It  is  a  very  ancient  valley,  a 
fact  which  is  proved  (1 )  by  the  organic  remains  of  the  clays  and  sands  which  form 
the  present  floor  of  the  valley;  (2)  by  the  smooth  and  polished  surface  of  the  rocks 
which  compose  the  ancient  floor  upon  which  the  clays  and  sands  of  the  post-Tertiary 
(as  the  formation  has  been  designated)  were  deposited,  for  we  can  not  regard  them 
as  having  been  wholly  formed  by  sudden  and  violent  movements  of  the  l(H)He  mat^'- 
rials  upon  the  surface.  The  whole  phenomena  is  one  of  moderate  force,  combine*! 
with  one  of  power,  but  yet  of  long  continuance. 

The  ancient  floor  of  this  valley  is  formed  by  two  cla»<ses  or  systems  of  rockhs: 
(1)  The  primary,  principally  gneiss,  and  (2)  the  lower  transition,  or  rocks  of  the 
C'hamplain  group,  as  they  are  denominated  in  the  subsecjuent  pages.  The  order  of 
events  connected  with  the  formation  of  this  valley  may  lx»  stateil  thus:  First,  the 
primary  rocks,  which  constituted  the  floor  of  an  ancient  ocean  of  an  tmknown 
extent  Upon  these  were  deposited  the  sandstones,  limestones,  and  shales  of  the 
Champlain  group.  Thus  far  the  serie**  of  rocks  appear  to  l)e  whole  and  perfect,  or 
without  breaks,  but  after  the  completion  of  this  group  the  ocean  retired  and  they 
l)ecame  the  surface  rocks.  Subsequent  to  this,  an  elevating  force  deranged  the  hori- 
zontality  of  the  masses,  fracturing  them  extensively  in  the  line  of  the  present  valley, 
and  raising  them  above  the  waters  of  the  ocean.  This  line  of  elevation  and  of  frac- 
ture runs  doee  upon  the  western  shore,  and  merely  breaks  off  the  western  edges  of 
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the  transition.     In  the  third  place,  we  find  a  current  or  flood  of  waters  U)  have  swept 
through  this  valley  and  to  have  removed  to  a  great  distance  the  loose  materialH  oi 
the  surface,  and  hy  their  means  to  have  worn  down  and  polished  the  sur&ce  of  the 
n)ck8  which  were  exposed.     Fourth,  we  find  this  valley  again  occupied  by  an  ocean  in 
which  deposits  were  again  accumulating,  princiiyally  aluminous  or  of  clay,  but  mixed 
with  calcareous  matter  in  the  middle  portion  and  siliceous  in  the  upper.    This  state  of 
thingsdid  not  exist  long,  for  the  marine  relics  are  few  and  the  formation  deposited  lini- 
ite<l  and  thin,  proliahly  not  exceeding  100  feet.    In  its  turn  this  formation  was  elevate<l, 
and  became  expose<l  to  currents  of  water  bearing  along  rocks  and  stones,  being  in  sonje 
places  entirely  swept  away;  in  .others,  only  the  sandy  portion,  or  the  upper  part;  in 
others  it  remains  entire,  esi)ecially  where  it  was  protected  by  jutting  rocks;  thus  the 
stiff  blue  clay  of  the  inferior  portion,  the  yellow  and  brownish  of  the  middle,  ami 
the  sand  of  the  upper,  all  remain  undisturbed.     It  is  in  the  last  two  that  w^e  find 
the   modern  shells  principally  near  their  junction.    The  last   sweepings  of   this 
deluge  of  waters  formed  the  present  bowlder  system,  and  we  find  the  latter  always 
alx)ve  the  former,  or  post-Tertiary.     Such  have  been  the  vicissitudes  of  this  Ix^auti- 
ful  valley.     Twice  have  the  waters  of  the  ocean  reposed  upon  its  bosom,  and  twii^e 
has  it  been  swei)t,  as  it  were,  with  the  besom  of  destruction.     For  a  long  period  after 
the  deposition  of  the  Champlain  group  it  remained  above  the  watery  element,  or 
during  the  whole  period  required  for  the  deposition  of  the  New  York  transition 
system — the  old  red,  the  Carboniferous,  the  Secondary,  and  the  great  Tertiary;  after 
which,  for  a  short  period,  it  was  once  more  under  the  sway  of  Neptune,  and  the 
monsters  of  the  deep  once  more  took  possession,  and  the  icebei^  floated  upon  its 
waters.     But  this  state  was  to  be  transient,  for  it  was  already  fitted  for  the  abode  of 
man;  the  waste  was  to  \ye  reclaimed;  the  time  had  already  come  for  man  to  assume 
the  i)ower  and  erect  his  temples  in  the  vale.     How  long  the  present  floor  of  thi.«! 
valley  has  existed  can  not  be  told  with  any  exactness  approaching  to  a  demonstration, 
but  it  is  manifest  that  it  is  comparatively  recent,  for  the  materials  being  soft  would 
ere  this  have  been  entirely  removed  and  the  beds  destroyed  had  they  existed  dur- 
ing the  epochs  of  the  Eocene  Tertiary,  especially  in  those  places  where  they  are 
exposed  to  abrasion  by  rains  and  floods.     Even  deep  furrows  are  worn  annually  in 
the  sands  and  clays,  and  they  are  perceptibly  diminishing  in  extent. 

The  maximum  depth  of  the  lake  is  399  feet.  Examination  of  the 
mariner's  (jhart  shows  that  throughout  the  greater  portion  of  the  lake 
the  depth  of  water  is  more  than  100  feet. 

The  head  of  the  lake  is  at  its  southernmost  end.  This  is  a  spot 
somewhat  difficult  to  determine.  Examination  of  PI.  I  will  show  that 
from  the  end  of  Crown  Point  south  to  Whitehall  the  lake  grows  con- 
stantly narrower,  merging  gradually  into  a  small  stream  called  Wood 
Creek.  The  upper  end  of  the  lake  is  generally  understood  to  be  at 
Whitehall,  but  there  is  some  diflference  of  opinion  on  this  point.  The 
early  settlers  regarded  Bulwagga  Bay,  west  of  Crown  Point,  as  the 
head  of  the  lake,  and  early  maps  designate  that  part  lying  between 
old  Fort  Ticonderoga  and  Crown  Point,  ''river  flowing  into  Lake 
Champlain.''  There  is  much  to  support  this  view.  The  current 
northward  from  Whitehall  to  Crown  Point  is  readily  perceptible, 
except  when  a  northerly  wind  reverses  its  direction  upon  the 
surface.  This  part  of  the  lake,  too,  is  radically  different  from 
that  north  of  Crown  Point.  Its  width  varies  from  a  few  hundred 
feet  to  about  a  mile,  and  the  depth  of  water  averages  about  25  feet 
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in  the  tortuous  midchannel.  The  banks  and  bottom  are  of  sedi- 
mentary clay,  overgrown  with  weeds,  and  shoal  water  extends  well 
out  into  the  stream.  The  water  is  exceedingly  turbid,  and  appears  not 
unlike  that  of  the  rivers  in  the  Middle  West. 

Northward  from  Crown  Point  the  true  lake  formation  is  assumed. 
The  banks  diverge^  the  water  deepens,  and  rocky  shores  take  the 
place  of  clay  banks.  The  true  basin  of  the  lake  runs  off  steeply  near 
the  head  of  Crown  Point.  From  there  to  the  Canada  line  the  water  is 
without  marked  turbidity,  save  where  certain  outcrops  of  shale  or  clay 
or  the  sediments  from  tributary  streams  create  small  areas  of  colored 
water. 

Between  Whitehall  and  the  mouth  of  Ticonderoga  Creek  or  Lake 
Greorge  outlet  the  country  on  both  sides  of  the  lake  is  rugged.  On 
the  Vermont  side  the  hills  within  a  short  distance  from  the  shore  rise 
to  heights  varying  from  200  to  850  feet  above  the  lake  surface.  The 
highest  point  is  Bald  Mountain,  in  Rutland  County,  4  miles  north  of 
Whitehall.  The  line  of  hills  on  this  side  ends  abruptly  at  Mount 
Independence,  a  historic  fortification  200  feet  above  the  lake  and  oppo- 
site old  Fort  Ticonderoga. 

On  the  New  York  side  is  a  much  more  precipitous  line  of  hills, 
varying  from  900  to  1,800  feet  above  the  lake  and  terminating  at 
Mount  Defiance,  the  site  of  another  colonial  fortification  immediately 
south  of  Fort  Ticonderoga  and  separated  from  it  by  Lake  George  out- 
let. This  range  is  the  drainage  divide  between  Lake  George  and  Lake 
Champlain.  The  outlet  runs  around  the  end  of  Mount  Defiance  and 
enters  Lake  Champlain  by  way  of  the  rolling  country  north  of  Mount 
Defiance,  descending  221  feet  in  the  intervening  3  miles. 

Northward  from  Ticonderoga  to  Crown  Point,  a  distance  of  about 
14  miles,  the  lake  varies  in  width  from  half  a  mile  to  a  mile,  the  short- 
est distance  from  shore  to  shore  being  opposite  the  old  French  fort  on 
the  end  of  Crown  Point,  where  only  two-fifths  of  a  mile  separates  it 
from  Chimney  Point  on  the  Vermont  side.  The  country  on  both  sides 
of  this  portion  of  the  lake  is  of  a  generally  rolling  character,  except 
where — a  short  distance  south  of  Crown  Point  village — Sugar  Hill, 
Breeds  Hill,  and  Dibble  Mountain  rise  up  from  the  water's  edge. 
These  prominent  points  are  outlying  foothills  of  the  ranges  farther  west, 
the  highest.  Dibble  Mountain,  being  900  feet  above  the  lake  surface. 

In  colonial  times  the  narrow  pass  between  Crown  Point  and  Chim- 
ney Point  was  believed  to  be  of  strategic  importance.  It  was  first 
fortified  by  the  French,  the  site  being  called  Fort  Frederick,  and  after 
the  English  occupation  an  extensive  fort  was  constructed  at  an  expense 
of  $10,000,000.  The  place,  however,  was  found  to  be  of  no  strategic 
importance.  No  engagement  of  any  consequence  took  place  there, 
although  the  fort  was  taken  several  times  without  any  defense  upon 
the  part  of  the  garrison.  The  ruins  shown  in  PI.  II,  A^  are  remark- 
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ably  well  preserved,  and  the  region  is  one  of  the  most  interesting  along 
Lake  Champlain.  As  shown  on  the  map,  PL  1  (p.  14),  Bulwagga  Bslj 
occupies  a  considerable  area  to  the  west  of  Crown  Point  and  is  physi- 
ographically  the  southernmost  boundary  of  the  lake. 

Northward  from  Bulwagga  Bay  the  depth  of  water  in  the  lake  rap- 
idly increases  until  at  the  point  opposite  Essex,  some  20  miles  north, 
the  deepest  water  in  the  lake  occurs.  From  Crown  Point  north  to  Split 
Rock  Point  the  two  shores  of  the  lake  are  markedly  diflPerent,  that  on 
the  New  York  side  being  mountainous,  with  summits  rising  from  1,000 
to  1,600  feet  above  the  lake,  while  that  on. the  Vermont  side  is  decidedl j' 
flat,  and  even  swampy  around  the  mouths  of  Otter,  Little  Otter,  and 
Lewis  creeks.  Northward  from  Split  Rock  Point  the  country  on  both 
sides  of  the  lake  is  exceedingly  attractive,  although  the  mountains  do 
not  approach  the  shores  on  either  side.  On  the  New  York  side  the 
country  northward  from  Split  Rock  Mountain  to  the  end  of  Willsboro 
Point  is  rolling,  arable  land,  while  that  on  the  Vermont  shore  is  of  the 
same  general  character  already  noticed  along  the  more  southerly  por- 
tions of  the  lake. 

The  western  side  of  Willsboro  Bay  is  especially  marked  by  precipi- 
tous mountains  which  rise  almost  perpendicularly  to  a  considerable 
height,  forming  exceptionally  bold  shores.  This  mountainous  shore 
continues  to  Trembleau  Point,  which  has  been  described  as  the  eastern 
abutment  of  the  largest  of  the  Adirondack  ranges.  From  this  region 
north  on  both  sides  of  the  lake  the  country  is  rolling  and  the  lake 
is  dotted  with  many  islands,  some  of  which,  like  Grand  Isle,  are 
large. 

Grand  Isle,  together  with  North  Hero,  Isle  La  Motte,  and  Alburg 
Tongue,  form  a  continuous  series  which  divides  the  lake  into  two  por- 
tions. The  easternmost  division  extends  into  Canada,  covering  there 
an  area  of  740  square  miles.  This  portion  has  no  outlet,  it  being  an 
immense  bay  tributary  to  and  not  so  deep  as  the  western  portion.  Its 
banks  are  low  and  the  shore  is  a  continuation  of  broad  shoals.  The 
western  portion  of  the  lake  is  the  artery  of  traflic,  and  the  country 
bordering  is  of  a  flat,  rolling  character  similar  to  that  already  described. 

The  lake  finally  discharges  through  Ricjhelieu  River  into  the  St. 
Lawrence.  Therefore,  the  general  trend  of  the  lake  current  is  north- 
ward. Actual  movement  northward  is  perceptible  with  the  aid  of 
floats  only  in  the  midportions  of  the  broad  lake  where  there  are  no 
near-by  points  of  land  to  cause  deflection.  On  still  days  floats  make 
very  good  progress  northward,  a  movement,  however,  which  is  inter- 
rupted by  the  slightest  stirring  of  north  wind.  Movements  of  the 
subsurface  waters  have  not  been  studied.  The  current  next  to  the 
shores,  however,  is  almost  invariably  southward.  This  is  especially 
noticeable  at  the  mouths  of  the  various  tributary  streams.  In  every 
CJise  which  the  author  examined  the  water  of  the  streams  is  deflected 
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south  when  renditions  are  normal — that  is,  when  there  is  no  wind. 
Worthy  of  special  note  is  the  fact  that  almost  invariably  the  jjreat 
sand  bars  at  the  mouths  of  the  streams  lie  to  the  south,  and  whenever 
the  water  in  the  streams  becomes  turbid  its  course  can  l)e  readilv 
traced  around  the  points  of  these  bara  and  thence  to  the  south,  spread- 
ing ever  wider  and  thinner  until  its  course  is  no  longer  percepti})le. 
Where  and  how  this  southern  current  is  reversed  and  merges  int6  the 
broad  lake  current  has  not  been  determined.  The  importance  of  the 
observation  in  this  report  will  be  noted  later  in  connection  with  the 
studies  of  the  wastes  and  their  courses  in  the  lake. 

The  lake  intercepts  many  and  varied  geologic  formations,  each  of 
which  has  its  peculiar  effect  upon  the  character  of  the  water  unmedi- 
ately  surrounding.  It  is  so  narrow  in  proportion  to  its  length  that 
little  or  no  opportunity  is 'afforded  for  the  water  draining  from  the 
several  sidesof  the  basin  to  become  mixed;  therefore,  there  is  less  uni- 
formity in  the  character  of  the  ingredients  and  in  their  proportion  one 
to  another  than  is  usually  found  in  lakes  of  similar  basin  capacity, 
but  of  more  uniform  shape.  This  feature  is  important  in  connection 
with  a  study  of  pollution,  and  necessitates  wider  investigation  and 
more  subtle  interpretation  than  is  usually  necessary  in  an  investigation 
of  this  character.  In  considering  the  effect  of  polluting  materials  of 
one  kind  or  another  upon  a  natural  water  it  is  necessary  to  give  due 
regard  to  the  character  of  that  water.  Where  a  given  impurity  will 
have  a  certain  effect  upon  water  of  one  kind  it  may  have  a  different 
and  possibly  opposite  effect  upon  water  of  another  kind. 

The  variations  in  the  character  of  water  taken  from  various  parts 
of  Lake  Champlain  are  so  broad  and  the  physical  conditions  are  so  dis- 
similar that  it  is  necessary  to  interpret  results  differently  in  different 
portions  of  the  lake.  For  example,  Ticonderoga  Creek  and  Bouquet 
River  each  carry  to  the  lake  the  wastes  from  a  soda  pulp  mill.  As 
subsequent  study  of  the  conditions  will  show,  the  wastes  which  are 
derived  from  these  two  mills  are  practically  identical.  Nevertheless, 
the  effect  of  the  Ticonderoga  wastes  upon  the  water  of  Lake  Cham- 
plain  differs  from  that  of  the  Bouquet,  the  reason  being  that  the  part 
of  the  lake  into  which  Ticonderoga  Creek  empties  is  markedly  differ- 
ent from  that  into  which  the  Bouquet  discharges. 

The  time  at  the  disposal  of  the  author  was  not  sufficient  to  enable 
him  to  make  a  continuous  study  of  the  physical,  chemical,  and  bio- 
logical changes  and  variations  which  take  place  in  the  lake  from  point 
to  point,  it  being  necessary  to  confine  the  investigation  to  the  specific 
matters  which  led  to  the  investigation  and  to  leave  the  study  of  other 
problems  in  abeyance  until  some  future  period.  The  investigations 
hereinafter  described  were  therefore  made  with  little  or  no  reference 
to  one  another  or  to  the  general  conditions  which  obtain  in  the  lake 
other  than  those  necessary  to  an  intelligent  interpretation. 
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CHARACTERISTICS  OP  THE  LAKE  WATER. 

It  was  necessary  to  secure  some  data  concerning  the  normal  wat<?r 
of  the  lake,  or  rather  to  secure  as  good  an  idea  as  possible  of  what  the 
lake  water  would  be  if  it  were  well  mixed  and  the  various  ingredient.s 
uniform  in  proportion.  For  this  purpose  samples  were  collected  in 
those  portions  of  the  broad  lake  which  seemed  to  be  least  affected  by 
polluting  influences,  whether  natural  or  artificial. 

Table  HI. — Inorganic  and  tuinUary  analyses  of  water  from  Lake  0tamplavn. 


Sampling  point. 


o 

00 


Gull  Island  Reef 4.8 

2  miles  north  of  Four  Brother  ' 
Islands '  3.2 

Mouth  of  Willsboro  Bay ;  3. 4 

New  York  shore,  Chesterfield 
Township 


i  mile  east  of    Four  Brother 
Islands 
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8.89 

1.2 
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5.13 

7.41 

1.2 

20.01 

4.63 

8.35 

1.4 

19.42 

4.45 

4.73 

7.14 

8.2 

1.1 
1.2 

20.00 

o 


6 
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22.66 
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67. 973       47 


5. 8     22. 58 

I 

7. 1     23. 63 


5.5 


6.6 


.542  ,  65.838       46 
.  542     70. 329       47 


22.83 


20.60 


.63 


.497 


67.49     I     47 


62.81 


66.  d9 


47 
47 


Sampling  point. 


U  miles  north  of  Split  Rock 

2  miles  south  of  Quaker  Smith 

\\  miles  east  of  Jones  Point 

1  mile  south  of  Juniper  Island 

1  mile  west  of  Four  Brother  Islands 


Average, 


Total  sol- 
ids. 

IjOss  on  ig- 
nition. 

Per    cent 

1      of    loss 

to  total. 

67.0 

20.0 

30.0 

72.5 

26.0 

36.6 

63.2 

21.0 

32.8 

65.0 

22.0 

83.8 

60.2 

20.0 
21.8 

80.9 

65.6 

32.8 
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.130 

0.042 

.132 

.088 

.120 

.028 

.156 

.082 

.122 

.014 

.132 

.031 

1 
Nitrites. 

i 

Chlorine. 

1 

1  Hardness. 

0.002 

0.100 

1.0 

51.4 

.002 

.080 

1.0 

50.0 

.002 

.090 

.8 

50.0 

.002 

.100 

.8 

51.4 

.001 

.090 

.9 

60.0 

.002 

.092 

.9 

50.6 

?2 
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None. 
None. 
None. 
None. 
None. 

None. 


Examination  of  Table  III  will  afford  an  accurate  idea  concerning 
such  water.  It  will  be  noted  at  the  outset  that  the  water  contains  a 
fairly  high  proportion  of  dissolved  solids  for  this  part  of  the  country. 
Where  in  this  case  the  water  contained  from  63  to  70  parts  per  million 
of  total  solids.  Lake  Winnepesaukee  in  New  Hampshire  contains  20 
parts;  Rangeley  Lakas,  in  Maine,  25  to  26  parts;  Moosehead  Lake,  in 
the  same  State,  23  to  24  parts;  while  the  various  smaller  lakes  and 
reservoirs  in  Massachusetts  contain  from  18  to  37  parts  of  dissolved 
matter  per  million. 

The  analyses  given  in  the  table  further  show  that  the  quantities  of 
lime  and  magnesia  found  in  the  water  are  extremely  high  for  this  part 
of  the  country,  the  lime  running  from  19  to  22  parts  per  million, 
while  that  in  the  water  of  Rangeley  and  Moosehead  lakes  is  approxi- 
mately from  2.2  to  2.5  parts.  The  amounts  of  iron,  aluminum,  and 
silica  are  fairly  large,  while  the  proportion  of  soda  is  far  higher  than 
in  any  other  surface  water  of  New  England.     It  is  essentially  a  carbon- 
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ate  water,  although  the  amount  of  sulphate  contained  in  it  is  propor- 
tionately boniewhat  greater  than  is  usuall}'  found  in  this  part  of  the 
United  States.  The  chlorides  are  high,  exceeding  by  about  1(X>  piM- 
cent  the  normal  chlorides  for  this  region. 

The  sanitary  analysis  shows  that  the  water  contains  a  small  amount 
of  organic  matter.  The  fact  that  the  amount  of  chlorine  is  alwve  the 
normal  for  this  section  is  unmistakable  evidence  that  the  water  has 
U^n  polluted.  Indeed,  it  is  not  necessary  to  refer  to  an  analysis  to 
determine  this  point.  But  the  amount  of  organic  matter  in  the  siun- 
pies  under  investigation  certainly  indicates  that  the  water  in  the  broad 
lake  is  of  satisfactory  quality.  The  amount  of  albuminoid  and  free 
anunonia  is  considerably  less  than  that  contained  in  several  normal 
surface  waters  of  New  England,  while  the  nitrites  and  nitrates  give 
insignificant  testimony',  save  that  in  the  case  of  the  latter  it  is  shown 
that  oxidation  has  been  rapid  and  abundant.  No  bacteria  of  intestinal 
origin  were  found  in  this  water.  As  might  be  expected  from  the  large 
amount  of  calcium  and  magnesium  noted  in  the  inorganic  analyses 
discussed  above,  the  water  is  very  much  harder  than  that  generally 
found  throughout  New  England,  the  hardness  determined  by  the  soap 
method  being,  on  the  avei*age,  50  parts  per  million,  against  2  to  I'i 
parts  in  the  lakes  and  reservoirs  of  New  Hampshire,  Massachusetts, 
and  Maine. 

Although  the  character  of  the  water  in  Lake  Champlain  is  variable 
according  to  the  point  from  which  the  water  is  derived,  it  is  believed 
that  the  standards  set  forth  in  the  table  are  representative  of  the  water 
in  the  broad  lake  and  that  they  can  be  used  for  purposes  of  compari- 
son in  the  studies  with  reference  to  the  effect  of  soda-pulp-mill  pollu- 
tion from  Bouquet  River,  sulphite-pulp-mill  pollution  from  Ausable 
River,  and  sewage  pollution  from  the  city  of  Burlington  and  Winooski 
River.  In  considering  the  effects  of  the  soda  mill  upon  Ticonderoga 
Creek,  which  will  complete  this  report,  another  standard  presented  in 
subsequent  pages  will  he  adopted  for  comparison. 

BOUQUET  RIVER. 
ORIGIN,  COURSE,  AND  PLOW. 

Bouquet  River  is  a  small  Adirondack  stream  rising  in  Keene  Town- 
ship, Essex  County,  N.  Y.,  in  the  Adirondack  Mountain  Reserve  at 
the  foot  of  Dix  Mountain.  Its  source  is  at  an  elevation  of  about 
3,500  feet  above  sea  level,  in  a  i^avine  known  as  Hunters  Pass.  It  flows 
in  a  general  northwesterly  direction,  and  is  joined  by  South  Fork 
near  the  point  at  which  the  river  crosses  the  Keene  Township  line 
into  Elizabethtown.  Continuing  northwestward  the  stream  emerges 
from  the  mountain  gorges  and  flows  for  several  miles  in  a  broad,  open 
valley,  known  as  Pleasant  Valley,  until  it  reaches  Elizabethtown,  the 
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county  seat  of  Essex  County.  Thence  it  flows  in  a  general  north- 
westerly direction  across  the  outlying  ranges  of  the  Adirondacks  and 
finally  emerges  upon  the  rolling  table-land  (PI.  Ill,  ^1)  next  to  Lake 
Champlain  at  Whallonsburg,  a  village  in  Essex  Township;  thence  its 
course  is  almost  due  north  to  Willsboro  village,  where  it  takes  a  sharp 
bend  to  the  southeast  and  enters  Lake  Champlain.  About  8  miles 
from  its  mouth  it  is  joined  by  North  Branch,  which  drains  a  consider- 
able area  in  Chesterfield  and  Lewis  townships,  in  the  heart  of  the 
Adirondacks. 

The  Bouquet  system  is  useful  in  a  small  way,  for  its  rapid  descent 
affords  opportunity  for  many  small  powers,  some  of  which  are  utilized 
for  sawmills.  The  largest  power  along  the  stream  is  about  3  miles 
from  the  mouth,  at  Willsboro  village,  where  there  is  a  fall  of  about 
30  feet,  utilized  by  a  saw  and  grist  mill  and  by  the  Champlain  mills 
of  the  New  York  and  Pennsylvania  Company  (PI.  Ill,  B)^  which  are 
devoted  to  the  manufacture  of  *'soda  pulp.''  Throughout  its  course 
the  river  drains  a  sparsely  inhabited  region,  the  few  villages  along  its 
banks  contributing  very  little  contaminating  matter.  Above  Wills- 
boro the  principal  source  of  pollution  is  sawmills,  from  which  immense 
quantities  of  sawdust  are  turned  into  the  stream  during  every  season. 
In  this  respect  Bouquet  River  is  similar  to  almost  every  other  stream 
which  runs  out  of  the  Adirondack  Mountains.  The  importance  of  this 
will  be  discussed  in  subsequent  pages. 

The  flow  of  Bouquet  River  fluctuates  widely  with  the  season.  At 
times  it  sustains  violent  floods,  while  on  the  other  hand  seasons  of  low 
water  are  extreme.  The  only  flow  measurements  which  have  been 
made  were  carried  on  during  the  prosecution  of  the  investigations 
here  reported.  The  data  acquired  were  collected  during  an  extremely 
dry  season,  and  afford  an  excellent  idea  of  the  minimum  amount  of 
water  which  the  stream  may  be  expected  to  carry.  For  this  reason 
the  records  are  valuable  in  connection  with  the  pollution  investigation, 
for  computations  based  upon  them  will  represent  the  most  grievous 
conditions  from  the  standpoint  of  pollution.  Effects  and  deductions 
made  from  them  will  therefore  be  based  upon  extreme  conditions. 

Table  IV  contains  a  record  of  the  flow  of  Bouquet  River  during  a 
period  specified. 


A.    BOU<JUET  RIVER  ABOVE  WILLSBORO, 


LEIGHTON*.] 

Table  IV. 
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Menu  daily  discharge  of  Bmufutt  River y  in  rubirfeet  per  second^  at  WiUsftrfro^ 
X.  1'.,  AufftiM  J  to  September  S,  1904. 


Date. 

AugUFit  2 

August  3 

August  4 

August  5 

August  6 

August  7 

August  8 

August  9 

August  10 

August  11  

August  12 

August  13 

August  14 

Angost  15 

August  16 

August  17 

August  18 


Dhtcharge. 

92 
99 
92 
92 
89 
89 
89 
89 
89 
89 
89 
89 
89 
89 
89 
89 
89 


I>HtV 


DiHchaive. 


I 


August  19  .. 
August  20  . . 
August  21  . . 
August  22  . . 
August  23  .. 
August  24  . . 
August  25  . . 
August  26  . . 
August  27  . . 
August  28  . . 
August  29  . . 
August  30  . . 
August  31  . . 
September  1 
September  2 
September  3 


89 
89 
(501 
283 
169 
169 

mi 

98 
89 
89 
89 
92 
89 
89 
89 
89 


SODA-PULP  POLLUTION. 


CONSTITUENTS   OF  THE   PULP. 


Wood  pulp  consists  mainly  of  finely  divided  cellulose  and  is  the 
essential  constituent  of  a  certain  class  of  paper.  It  is  manufactured 
either  mechanically  or  chemically.  Mechanical  pulp  is  finely  ground 
wood,  made  by  exposing  the  wood  under  heavy  pressure  to  the  sur- 
face of  a  revolving  grindstone,  which  results  in  tearing  the  wood 
fibers  apart.  As  this  kind  of  pulp  contains  all  the  wood  ingredients, 
there  is  no  waste  from  the  process  save  varying  amounts  of  the  fiber 
itself  which  escape  in  the  process  of  handling.  Chemical  pulp,  on 
the  other  hand^  is  made  by  dissolving  out  of  the  wood  all  the  ingredi- 
ents except  the  cellulose  and  leaving  the  latter  in  nearly  pure  state. 
It  follows  that  this  process  results  in  two  products — the  cellulose  or 
pulp,  and  the  extmctives.  The  former  is  the  real  product  and  the 
latter  the  by-product  or  waste. 

CelluJose  is  the  most  abundant  constituent  of  plant  life  and  forms 
the  structure  of  all  plant  forms.  It  ma}^  be  described  as  the  frame- 
work by  which  the  plant  raises  itself  and  maintains  its  form  and  posi- 
tion. To  external  agencies  cellulose  is  extremely  resistant;  in  fact,  it 
is  one  of  the  most  chemically  inert  bodies  occurring  in  nature.  It  is 
composed  of  44.2  parts  of  carbon,  6.3  parts  of  hydrogen,  and  49.5 
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parts  of  oxygen — a  combination  so  stable  that  only  the  most  violent 
chemical  methods  will  change  its  character.  This  fact  is  important 
because,  as  will  be  seen  in  subsequent  pages,  wood  pulp  forms  a  con- 
siderable proportion  of  the  waste  from  some  pulp  mills,  and  because, 
like  all  other  substances,  its  final  eflFect  upon  a  stream  or  other  body 
of  water  into  which  it  is  turned  as  waste  is  determined  by  its  stability 
and  its  resistance  to  putrefactive  changes. 

On  the  other  hand,  the  extractives  of  wood — that  is,  those  sub- 
stances which  are  separated  from  the  cellulose  in  the  process  of  wood- 
pulp  manufacture — are  organic  compounds  of  an  extremely  unstable 
nature,  undergoing  putrefactive  changes  readily.  It  will  therefore 
be  appreciated  that  in  the  consideration  of  damage  done  to  water- 
courses by  pulp  mills,  the  attention  must  be  devoted  to  the  extrac- 
tives rather  than  to  the  inert  and  resistant  cellulose. 

In  investigations  of  this  character  it  is  desirable  to  determine  certain 
stable  and  persistent  substances  in  the  waste  and  to  direct  the  investi- 
gation toward  the  identification  of  those  substances  in  the  water  rather 
than  to  conduct  the  promiscuous  chemical  examinations  so  frequently 
resorted  to  in  such  cases  in  the  hope  that  the  data  derived  may  finally 
produce  something  which  bears  upon  the  object  in  view.  Therefore  in 
this  investigation,  as  well  as  in  others  reviewed  in  subsequent  pages,  it 
will  be  the  endeavor  to  determine  the  most  characteristic  and  most  sta- 
ble foreign  substances  in  the  waste,  and  to  trace  them  directly  into  the 
lake.  In  order  that  the  wastes  turned  into  Lake  Champlain  through 
Bouquet  River  from  the  Willsboro  pulp  mill  may  be  identified  and 
their  effect  intelligently  interpreted,  it  will  be  necessary  to  consider 
in  some  detail  the  actual  process  of  soda-pulp  manufacture. 

MANUFACTURE   OF  SODA   PULP. 

In  considering  the  process  of  soda-pulp  manufacture,  that  employed 
dt  the  Willsboro  mill  will  be  taken  as  a  typical  example.  Although 
it  differs  in  some  respects  from  the  method  followed  at  other  mills,  as 
does  that  followed  at  any  other  mill  differ  from  every  other,  all  are 
essentially  similar. 

In  the  case  of  this  mill  (PI.  IV,  A)  the  process  used  is  based  upon 
the  hydrolytic  treatment  of  wood  chips  at  a  high  temperaM:ure  in  the 
presence  of  caustic  soda.  The  process  extends  to  a  virtual  isolation  of 
the  cellulose  and  the  conversion  of  the  extractives  or  lignone  into  solu- 
ble form.  The  process  is  similar  to  that  which  has  been  employed  for 
many  years  in  the  recovery  of  cellulose  from  materials  other  than 
wood,  and  in  the  case  of  wood  is  adapted  onl}'^  to  the  conversion  of  soft 
species,  poplar  being  used  almost  exclusively. 


SODA  PULP  M 
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WATBR   USED. 


The  mills  at  Willsboro  are  made  up  of  several  structures,  some  of 
which  are  used  in  the  actual  manufacture  of  pulp  for  paper  products, 
while  others  are  used  to  carry  on  certain  appurtenant  processes  involved 
in  the  recovery  of  valuable  products  and  their  preparation  for  further 
use  in  the  industry.  It  will  be  helpful  to  remark  at  the  outset  that 
the  various  details  of  the  whole  svstem  of  manufactures  are  so  corre- 
lated  that  in  numerous  instances  the  liquid  wastes  which  are  the  result 
of  certain  treatment  are  either  pumped  hack  to  repeat  their  duty  or 
are  used  in  some  other  treatment.  Therefore  the  total  amount  of 
water  consumed  in  the  various  treatments  is  apparently  far  greater 
than  that  supplied  to  the  mill. 

A  mechanical  filter  installed  at  the  plant  is  used  to  clarify  all  the 
water  supplied  for  manufacturing  purposes.  Measurements  of  the 
amount  of  water  drawn  from  the  clear-water  basin  show  that  the  con- 
sumption is  equivalent  to  an  average  of  about  800,000  gallons  per  day. 
This  water  represents  the  total  amount  which  enters  into  the  manu- 
facturing processes  from  which  wastes  are  derived. 

On  the  other  hand,  there  is  so  large  an  amount  of  water  evaporated 
during  the  various  stages  of  the  processes  from  crude  wood  to  finished 
pulp  that  the  amount  of  tailings  finally  turned  into  the  sedimentation 
beds  and  into  the  stream  direct  is  not  so  great  as  the  amount  supplied 
as  clear  water  by  the  filters.  Assuming,  however,  that  the  liquid 
wastes  turned  into  the  stream  amount  to  the  entire  800,000  gallons, 
and  basing  a  calculation  upon  the  minimum  flow  of  Bouquet  River, 
shown  in  Table  IV,  namely,  89  cubic  feet  per  second,  the  proportion 
of  mill  waste  to  water  flowing  in  the  stream  is  about  1  to  72;  that  is, 
with  the  river  flowing  89  cubic  feet  per  second,  a  very  low  stage,  there 
is  72  times  as  much  water  in  the  stream  as  is  turned  in  from  the  mill. 
During  the  greater  part  of  the  year,  when  the  stream  carries  a  far 
greater  quantity  of  water,  the  proportion  of  waste  to  water  is  consid- 
erably less,  and  in  floods  it  probably  becomes  negligible. 


SUPPLIES   AND   WA8TBB. 


Poplar  logs,  4  feet  in  length,  are  cut  to  thin  shavings  or  chips  in  a 
chipper  and  are  carried  by  air  blast  to  a  storage  bin  in  the  top  of  the 
dige^jter  house.  From  this  bin  the  chips  are  dropped  through  prop- 
erly constructed  flues  into  the  digesters.  The  digesters,  4  in  number, 
are  27  feet  high,  7  feet  wide,  and  have  a  capacity  of  3,848  cubic  feet. 
Each  charge  of  chips  consists  of  approximately  4  cords,  which,  when 
digested,  make  about  4,500  pounds  of  dry  pulp.  Upon  each  chip 
charge  are  poured  3,600  gallons  of  caustic-soda  solution  having  a 
specific  gravity  of  1.081  (11^  Baum^  or  16.42^  Twaddell).  This 
corresponds  to  approximately  6  per  cent  of  Na^O.  The  mass  is  digested 
eight  hours  at  a  pressure  of  110  pounds  of  steam. 
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After  the  dlj^estion  process  is  completed  the  pulp  is  forced  uoder 
pressure  into  a  blow  pit,  whence  it  is  taken  into  large  wash  pans  and 
thoroughly  washed.  The  drainage  from  these  wash  pans  is  designated 
"first  liquid  effluent"  in  this  description.  Its  disposal  will  be  consid- 
ered hereinafter. 

Sufficient  water  is  allowed  to  remain  in  the  wash  pans  with  the  pulp 
to  reduce  the  whole  mass  to  a  fluid  state,  so  that  it  will  run  by  gravity 
through  pipes  without  clogging.  In  the  mill  under  discussion  the 
pulp  is  conducted  through  an  8-inch  pipe  to  another  building,  where  it 
is  run  across  sieves  to  remove  the  coarse,  undigested  particles.  More 
water  is  added  to  that  already  mixed  with  the  pulp,  and  as  the  mass  is 
dashed  across  the  mesh  the  efficienc}'  of  the  process  is  increased  by 
agitation  of  the  sieves.  The  finer  pulp  which  passes  the  sieves  is  then 
pumped  with  the  same  water  with  which  it  passed  upon  the  sieves  to 
a  washer. 

The  washer  is  an  oblong  box  about  2  feet  deep,  in  which  are  3 
rotary  screens,  octagonal  in  cross  section,  set  with  their  longitudinal 
axes  horizontal.  Their  dimensions  are  such  that  the  distance  from 
the  rotary  axis  to  the  perimeter  is  nearly  equal  to  the  depth  of  the 
box.  This  axle  is  set  on  the  upper  edges  of  the  box  sides.  The  sieve 
surfaces  are  of  brass  wire,  60  meshes  to  the  inch.  As  the  pulp  passes 
along  under  the  rotating  sieves,  the  water  is  sepamted  from  it  and 
pours  from  the  sieve  ends  into  a  side  trough.  The  pulp  passes  along 
under  all  three  rotary  sieves  and  is  discharged  into  a  small  tank  at  the 
end  of  the  washer  box.  The  wash  water  which  passes  out  of  the 
sieves  into  the  side  trough  will  be  designated  the  "second  liquid 
effluent"  and  its  disposal  will  be  considered  on  subsequent  pages. 

Into  the  small  tank  which  receives  the  wet  pulp  from  the  washer 
the  bleach  water,  a  solution  of  chloride  of  lime  having  a  specific  grav- 
ity of  1.0211  (3^  Baume,  4.22^^  Twaddell),  is  turned.  The  quantity 
of  bleach  water  used  is  equivalent  to  the  proportion  of  11  pounds  of 
bleaching  powder  to  100  pounds  of  pulp.  From  this  mixing  tank  the 
pulp  is  carried  to  the  bleach  vats,  which,  in  the  mill  under  discussion, 
are  3  in  number,  eiich  18  feet  deep  and  15  feet  in  diameter.  The  vats 
are  fitted  with  revolving  arms,  which  effect  a  thorough  mixture  of  the 
bleach  solution  and  puly).  The  bleaching  process  consumes  from  six 
to  eight  hours,  the  end  being  determined  by  the  appearance  of  the 
pulp.  When  the  bleach  is  complete  the  mass  is  reduced  to  a  more 
fluid  state  by  the  addition  of  water,  and  the  whole  is  pumped  into  large 
dmining  vats,  fitted  with  porous  l>ottoms  through  which  the  water 
runs,  leaving  the  bleached  pulp  in  a  fairly  solid  state.  The  drainage 
water  will  be  designated  tlie  "'third  liquid  effluent"  and  its  disposal 
will  be  considered  later. 

When  the  bleached  pulp  is  thoroughly  drained  it  is  again  loosened 
by  a  stream  of  water  and  pumped  into  a  large  storage  vat,  from  which 
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it  is  taken  wIumi  needed,  mixed  in  a  small  tank  to  the  |)ro|M'r  consist- 
ency witb  more  water,  and  carried  to  tine  sieves  where  the  coarser 
particles  which  occasionally  pass  the  first  screening  are  removed. 
The  material  which  passes  this  screen  is  then  carried  to  the  cylinder 
machine  and  is  felted  in  the  usual  manner.  The  water  with  which  the 
pulp  is  loosened  in  the  bleach-drain  vats,  that  which  is  run  into  the 
small  mixing  tank,  and  that  supplied  to  the  Fourdrinier  machine,  nil 
take  the  same  course  and  will  be  here  designated  the  ^*  fourth  liquid 
effluent,^'  the  disposal  of  which  will  be  considered  in  subsequent  pages. 

The  above  description  includes  the  essential  features  of  the  process 
of  pulp  manufacture  as  carried  on  at  the  mills  of  the  New  York  and 
Pennsylvania  Company  at  Willsboro,  N.  Y.  A  summary  of  the 
materials  supplied  to  and  those  drawn  from  the  process  may  l)e 
expressed  as  follows:  Supplies — wood  chips,  caustic  soda,  bleach  liquor, 
and  wash  water;  products — first,  second,  third,  and  fourth  liquid 
effluents  and  wood  pulp. 

The  caustic  soda  and  bleach  liquor  supplied  are  prepared  in  appur- 
tenant parts  of  the  mill,  and  the  wastes  involved  in  their  preparation 
are  among  the  most  important  from  the  standpoint  of  stream  pollu- 
tion. The  preparation  of  the  caustic  is,  however,  a  result  of  the  dis- 
posal of  the  first  liquid  effluent;  therefore  the  consideration  of  both 
caustic  and  bleach  will  l)e  postponed  until  after  the  (lis(*ussion  of  the 
four  liquid  effluents. 

FTR8T   LIQITII)   EFFLl'ENT. 

The  water  drained  from  the  wash  pans  after  the  washing  of  the 
newly  digested  pulp  is  a  complex  solution  of  dark  color.  Its  principal 
ingredients  are  caustic  soda,  lignin,  and  various  other  wood  extractives. 
It  is  of  various  degrees  of  concentration,  according  as  it  is  drained  from 
first  washings  or  from  later  ones,  the  drainings  from  the  first  wash- 
ings, as  may  be  expected,  being  considerably  stronger  than  those  from 
later  ones.  The  washing  process  used  at  the  Willsl)oro  mill  consists 
of  storing  drainage  water  in  tanks  and  using  it  again  for  the  same 
purpose  until  the  degree  of  concentration  is  sufficiently  high  to  permit 
an  economical  recovery  of  the  soda.  The  process  may  be  dcscril)ed 
as  follows: 

Three  tanks  are  provided,  to  each  of  which  runs  a  pipe  from  the 
wash  pans.  Into  the  first  tank  is  conducted  the  strong  liquor  which 
drains  from  the  pulp  as  it  comes  from  the  blow  pit.  The  sptH'iiic 
gravity  of  this  liquor  is  about  1.0765  (10.8  Baunic,  15.3  Twaddell). 
From  this  first  tank  it  is  pumped  back  into  the  blow  pit,  where  it  is 
used  to  reduce  the  digested  pulp  to  a  fluid  state,  so  that  it  will  readily 
flow  through  pipes  and  valves  without  clogging.  In  other  words,  the 
sole  use  of  the  contents  of  this  tank  is  to  licjuofv  tlio  contents  of  the 
blow  pit.     After  the  first  li(|Uor  is  drained  from  the  wash  pan,  wash 
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water  is  turned  upon  the  pulp  and  the  drainings  are  turned  into  tank 
No.  2.  At  first  the  specific  gravity  of  this  liquor  is  about  1.0688  (O.SS"- 
Bauni^,  13.76""  Twaddell),  but  it  is  gradually  diluted  as  more  wash 
water  is  turned  in.  When  the  concentration  has  been  so  reduced  that 
the  liquor  has  a  specific  gravity  of  1.0457  (6.33^  Baume,  9.14*^  Twad- 
dell) the  remainder  of  the  drainings  are  turned  into  tank  No.  3.  The 
contents  of  tank  No.  2  are  conducted  to  the  soda-recovery  plant. 

Tank  No.  3  contains  the  drainage  from  the  wash  pans,  which  })y 
dilution  has  been  reduced  to  a  concentration  of  6°  Baum^  and  below. 
The  contents  are  used  to  wash  the  pulp  after  the  strong  liquor  has 
l)een  drained  into  No.  1,  and  when  again  drained  from  the  wash  pans 
it  is  turned  into  tank  No.  2.  This  process  saves  the  small  amount  of 
soda  still  contained  in  the  final  washings,  and  when  applying  it  again 
to  an  unwashed  pulp  the  liquor  is  again  concentrated  sufficiently  for 
use  in  tank  No.  2  and  in  the  recovery  process.  The  final  washings 
of  the  pulp,  the  drainage  from  which  is  carried  into  tank  No.  3,  are 
made  with  condensed  water  from  the  Yaryan  evaporators  in  the  soda- 
recover}^  plant.  The  digesting  and  pulp-washing  processes,  above 
described,  afford  no  waste  liquors  save  the  dripping  from  leaky  pipe 
joints,  valves,  etc.,  which  occasionally  spring,  but  are  of  necessity 
repaired  almost  immediately.  A  summary  of  the  supply  and  dis- 
charge from  this  mill  is  as  follows:  Supply — wood  chips,  caustic  soda, 
distilled  water,  and  steam;  discharge — crude  pulp  and  soda  liquors. 
As  described  on  previous  pages,  the  pulp  is  carried  a<*-ross  to  the 
sieves,  while  the  contents  of  the  liquors,  a  valuable  by-product,  are 
recovered. 

Recaoey^  of  soda, — The  contents  of  tank  No.  2,  which  have  a  specific 
gravity  of  1.0457  to  1.0688  (6°  to  9^  Baum^,  4.22°  to  8.64°  Twaddell), 
are  then  evaporated  in  Yaryan  evaporators  until  concentrated  to  a 
specific  gravity  of  1.2832  to  1.3063  (32°  to  34°  Baume,  56.64°  to  61.26- 
Twaddell).  The  concentrate  is  then  turned  into  rotary  furnaces, 
where  the  lignin  and  other  organic  materials  are  burned  off.  The 
residue,  issuing  from  the  opposite  end  of  the  furnace,  is  composed 
almost  entirelv  of  carbon  and  sodium  carbonate.  This  substance, 
known  in  the  trade  as  black  ash,  is  then  passed  through  a  leaching 
process,  the  liquid  or  recovered  soda  being  conducted  to  the  causti- 
cizing  plant,  while  the  sludge,  known  as  black-ash  sludge,  remains  in 
the  bleaching  tanks  and  is  subsequently  washed  out  with  water  and 
carried  away  as  waste.  This,  then,  is  th^  JivHt  soda-Diill  waste  met 
with  in  this  discussion.  The  solution  of  recovered  soda  which  is 
carried  to  the  causticizing  plant  varies  in  specific  gravit}'^  from  1.2572 
to  0  (29.66°  to  0°  Baum6,  51.44°  to  0°  Twaddell),  according  to  the 
leaching  period. 

The  black-a.sh  sludge  usually  contains  a  small  amount  of  unleached 
soda.     In  the  sample  tested  it  was  found  to  be  equal  to  171  parts  per 
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million — commercially  an  infinitesimal  amount.  It  is  prol)able  that 
this  black-anh  sludge  may  protitably  be  used  as  fuel.  Preliminary 
tests  are  favorable,  but  the  final  results  of  the  determination  of  calor- 
ific value  have  not  been  received  at  date  of  writing. 

During  the  years  1896  to  1903,  inclusive,  there  were  used  at  this 
mill  89,052,686  pounds  of  soda  ash,  of  which  87.31  per  cent,  or 
77,747,881  pounds,  were  recovered  soda,  leaving  only  11,304,805 
pounds  of  fresh  ash  purchased  and  applied  during  the  entire  eight-year 
period. 

How  much  of  this  12.69  per  cent  of  soda  ash  which  was  not  recov- 
ered at  this  mill  during  the  above-mentioned  period  was  turned  into 
the  stream  can  not  be  definitely  determined.  There  is  a  considerable 
loss  by  passage  of  the  soda  to  the  outer  air  through  the  flues.  Ash 
from  the  recovery -plant  flue,  which  settles  upon  the  ground  about  the 
plant,  contains  a  large  proportion  of  soda.  The  amount  lost  in  this 
way  has  been  computed  by  some  as  high  as  5  per  cent,  but  so  far  as 
the  author  is  able  to  learn  no  positive  determinations  have  been  made. 

There  Ls  usually  found,  in  the  product  of  this  mill,  about  0.112  per 
cent  of  soda.  This  would  amount,  in  the  eight-year  period  above 
mentioned,  upon  the  basis  of  the  total  output — 90,022,411  pounds  of 
pulp — to  100,825  pounds.  Tests  show  that  the  lime  sludge  from  the 
(*austicizing  tank,  a  proceiss  to  be  described,  contains  0.0327  per  cent 
of  soda. 

8BOOND,  THIRD,  AND   FOURTH    LIQUID   KFFLUENTB. 

The  second  effluent,  as  it  enters  the  sieves  and  wash  tank,  is 
derived  from  two  principal  sources.  It  is  composed  partly  of  the 
wash  water  turned  into  it  in  the  final  washings  in  the  digester  house. 
The  origin  of  this  water,  as  was  stated  in  preceding  pages,  is  the 
evaporators  in  the  soda-recovery  plant.  The  remaining  part  of  the 
second  liquid  effluent  consists  of  spent  and  weak  bleach  liquors,  which 
are  pumped  from  beneath  the  bleach  drainers.  There  is  a  general 
interchange  of  this  liquor  between  one  process  and  another.  From 
each  process  the  liquor  is  carried  to  a  weir  tank  in  the  basement  of 
the  mill,  whence  all  the  water  that  is  needed  in  these  processes  is 
pumped  back  for  use,  while  the  excess  is  allowed  to  escape  over  the 
weir  directly  into  the  stream.  A  fair  sample  of  this  liquor,  taken  from 
the  weir  tank,  contains,  among  others,  the  following  ingredients: 

Partial  analysis  of  second  liquid  effluent. 

ParUj  iK.*r 
milliun. 

Calcium 347 

Magnesium 7.6 

Sodium 13.6 

CMorine 513 

Although  this  liquor  contains  a  considerable  amount  of  lime,  soda, 
and  chlorine,  the  total  amount  of  liquor  discharged  directly  into  the 
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stream  is  so  small  that  its  effect  need  not  be  considered  apart  from 
that  of  the  entire  waste. 

The  third  liquid  effluent  is  conducted  through  pipes,  appeal's  again 
as  second  liquid  effluent,  and  takes  the  course  outlined  for  that 
effluent. 

The  fourth  liquid  effluent  is  used  in  the  process  which  produces  the 
third  effluent,  and  the  course  is  repeated. 

Thus  it  is  seen  that  the  second,  third,  and  fourth  liquid  effluents  are 
practically  the  same,  taking  the  same  course,  and  are  repeatedly 
pumped  for  further  duty. 

CAXI8T1C1ZING    PROCESS. 


This  process  consists  of  converting  the  soda  which  is  recovered  in 
the  form  of  a  carbonate,  by  methods  above  described,  to  a  hydrate 
or  a  caustic  soda,  by  the  application  of  caustic  lime.  The  process  is 
a  very  simple  one,  requiring  only  the  addition  of  an  appropriate  and 
easily  determined  amount  of  caustic  lime  to  a  similarly  appropriate 
amount  of  sodium-carbonate  solution,  and  boiling  the  whole  mass.  The 
result  is  a  sodium  hydrate  or  caustic  soda  in  the  solution,  while  the 
calcium  carbonate  or  common  lime  remains  in  the  bottom  of  the  con- 
tainer as  a  heavy  sludge.  The  solution  is  drawn  off,  ready  for  use  in 
the  digestion  process,  while  the  sludge  is  discharged  into  the  sedimen- 
tation bed.  This  sludge  is  the  second  roaste  noted  in  this  discussion. 
The  first  causticization  leaves  considerable  amounts  of  soda  in  the  linn* 
sludge,  and  repeated  washings  are  necessary  to  dissolve  all  except  negli- 
gible amounts.  In  the  mill  under  discussion  5  washings  are  resorted  to 
and  5  cylindrical  causticizing  tanks  are  provided,  each  12  feet  in  diam- 
eter and  10  feet  deep,  and  the  whole  series  is  so  manipulated  that  the 
causticizing  and  washing  processes  form  a  continuous  cycle.  It  will 
be  necessary  to  study  this  cycle  in  some  detail  in  order  that  the  practical 
absence  of  soda  in  the  lime  sludge  discharged  into  the  sedimentation  beds 
may  ])e  explained. 

The  black-ash  liquor,  leached  out  in  the  recovery  plant,  is  run  into 
tank  No.  1.  As  it  comes  from  the  leach  it  has  a  si>ecific  gravity  of 
1.2:^93  te  1.2601)  (28^  to  30^  Baum6,  47.86^  to  52.18-  Twaddell),  but 
during  the  latter  part  of  the  leaching  run  the  concentration  becomes 
reduced  to  a])out  1.0284  (4^  Baum6,  5.68^'  Twaddell).  As  fast  as  the 
black-ash  li(iuor  accumulates  in  the  causticizing  tank,  barrels  of  c*austic 
lime  are  added  until  the  timk  is  nearly  full.  This  requires  17  to  18 
barrels  of  lime.  The  contents  of  the  tank  are  then  agitated  and  boiled, 
and  the  first  stage  of  the  process  is  complete. 

While  this  process  has  been  going  on  the  lime  sludge,  in  another 
tank,  in  which  the  causticization  previous  to  that  in  tank  No.  1  had 
tiiken  place,  has  })een  treated  with  water,  with  the  result  that  the  timk 
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contains  a  solution  of  "weak"  caustic  s<Kla.  The  process  will  be  more 
clearly  descrilied  in  it«<  orderly  setiuence  in  this  cycle  under  discus- 
sion.  For  the  present  it  will  merely  be  necessar}'  for  the  reader  to 
remember  that  there  is  another  tank  full  of  weak  soda  liquor  at  hand. 
AVhence  it  comes  will  appear  shortly. 

The  contents  of  tank  No.  1 — that  is,  the  caustic-scxla  solution,  has  a 
decree  of  concentration  e(juiyalent  to  specific  gravity  1.<HH)2  to  1.1417 
(12^  to  18^  Baumc,  18.04^  to  28.84' '  Twaddell).  The  dejrree  of  con- 
centration in  the  other  tank  is  usually  about  1.0507  (7  I^ume,  10.14' 
Twaddell).  For  wood-digesting  purposes  it  is  netn^ssary  to  haye  a 
caustic-soda  concentration  equivalent  to  u  s|K»citic  gmvity  of  1.0821 
(11^  Baum^,  16. 42'-^  Twaddell);  therefore  it  is  merel}-  necessary  to  mix 
the  strong  with  the  weak,  or,  as  it  is  called  in  the  trade,  the  "strong- 
weak,"  in  the  proper  projwrtion  to  secure  the  d<»sired  sj)ecific  gmvity 
of  1.0821.  For  example,  if  the  strong  licjuor  has  a  concentration  of 
15^  Baume,  while  the  "  strong-weak"  has  a  concentration  of  7  ,  it  will 
be  necessary  to  draw  off  equal  portions  of  lK>th  into  the  storage  tank 
to  produce  a  mixture  of  11'^  Baum^  liquor.  It  freijuently  hap{x^ns 
that  the  strong  liquor  is  not  sufficiently  concentrated  to  produce  a  mix- 
ture of  11'^  Baum<!?  liquor  if  any  material  amount  of  *'  strong-weak"  is 
added.  The  strong  liquor  may  possess  a  concentration  of  al)out  12^ 
Baume,  while  the  ''  strong-weak"  may  l>e  8  '  Baume.  Under  such  con-* 
ditions  the  practice  is  to  increase  the  degree  of  concentration  of  the 
strong  liquor  by  adding  a  definite  <|uantity  of  fresh-soda  ash,  raising 
the  concentration  in  this  case  to  14-^  Baum<^.  Then,  if  the  two  liquors 
are  mixed  in  equal  proportions,  the  resultant  will  be  1 1  .  This,  then, 
constitutes  the  point  of  entrance  of  the  fresh -soda  ash  which  compen- 
sates for  the  12  per  cent  unrecovered  (see  page  29).  Thus  the  strength 
Ls  adjusted  according  to  the  conditions  found. 

The  strong  liquor  having  been  emptied  from  tank  No.  1,  tank  No.  2 
is  then  charged  and  manipulated  in  the  same  manner  as  that  al^ve 
described,  while  the  sludge  in  tank  No.  1  is  filled  and  more  soda  is 
extracted  from  it.  No.  1  is  now  the  '"strong- weak''  tank.  Nos.  I 
and  2  are  adjusted  in  concentration  and  drawn  together  as  before. 
Continuing,  No.  3  is  filled  with  the  causticizing  ingredients  and  becomes 
the  "strong"  tank.  No.  2,  filled  from  the  second  wash  of  No.  1, 
becomes  the  "strong- weak,"  and  No.  1  is  treated  to  its  third  washing. 
Xo.  4  is  now  made  the  causticizing  tank.  No.  3  is  filled  from  No.  2, 
and  No.  2  again  filled  from  No.  1.  No.  4  is  the  ''strong,"  No.  3 
the  "strong-weak,"  and  both  are  adjusted  and  mixed.  No.  4  is  filled 
from  No.  2,  No.  3  from  No.  1,  and  No.  1  refilled,  making  the  fourth 
washing  for  No.  1.  No.  5  is  now  made  the  "strong"  tank,  No.  4  the 
"strong- weak,"  and  both  are  drawn.  No.  5  is  then  tilled  from  No.  3, 
No.  4  from  No.  2,  while  No.  3  is  again  filled  from  No.  1.  No.  1  is 
then  filled  with  water  and  the  sludge  contents  run  upon  the  waste  bed. 
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It  in  then  filled  with  the  lime  and  soda  for  causticizing  and  becomes  the 
"strong"  tank,  No.  5  becomes  the  "strong- weak,"  and  the  cycle  is 
again  started.  No.  5,  then,  is  the  tank  referred  to  on  page  31  as 
"another  tank,"  concerning  which  promise  of  further  elucidation  was 
made. 

The  process  outlined  above  accomplishes  a  recovery  of  all  except 
negligible  amounts  6f  ^oda  used  in  causticizing.  Its  principle  is  most 
important  in  a  consideration  of  stream  pollution  from  soda-pulp  mills, 
as  it  disposes  of  the  idea  that  large  amounts  of  soda  are  lost  in  caus- 
ticizing, to  the  detriment  of  the  stream. 

PEODUCnON   OF   BLEACH. 

The  bleach  plant  consists  of  two  solution  tanks,  each  9  feet  in  diam- 
eter and  7  feet  deep,  which  are  installed  over  a  bleach-storage  tank. 
The  solution  tanks  are  fitted  with  rotary  agitators  which  are  used  dur- 
ing the  preparation  of  the  bleach  liquor.  In  the  manipulation  of  these 
tanks  the  governing  principle  is  the  same  as  that  enunciated  in  the 
foregoing  description  of  the  manufacturing  process — that  is,  weak 
liquors  derived  from  second  sludge  extractions  are  used  to  make  the 
strong  solutions.  The  method  of  manufacturing  bleach  liquor  at  this 
mill  is  practically  as  follows: 

Let  it  be  supposed  that  tank  No.  1  contains  the  sludge  remaining 
after  the  preparation  of  a  bleach  liquor,  the  liquor  itself  having  been 
drawn  into  the  storage  tank,  and  that  tank  No.  2  is  empty.  Both 
tanks  are  filled  with  water;  in  tank  No.  2  are  placed  1,500  pounds 
of  bleaching  powder.  This  is  agitated  for  ten  minutes  and  the  sus- 
pended matter  allowed  to  settle.  The  solution  which  these  proportions 
of  water  and  bleaching  powder  make  is  what  is  known  as  3°  bleach, 
equivalent  to  about  4.48  ounces  of  bleach  per  gallon.  This  bleach  is 
drawn  into  the  storage  tank,  and  immediately  thereafter  the  clear  solu- 
tion from  tank  No.  1,  which,  be  it  remembered,  is  a  second  extraction 
of  the  lime  sludge  in  that  tank,  is  quickly  drawn  into  tank  No.  2,  and 
to  this  are  added  650  pounds  of  bleaching  powder.  This  amount  of 
fresh  bleach,  together  with  that  obtained  by  the  second  extraction  of 
the  sludge  in  tanks  Nos.  1  and  2,  makes  a  3^  bleach.  The  sludge  in 
tank  No.  1  is  then  wasted.  This  leaves  tank  No.  1  empty,  and  after 
the  bleach  has  been  drawn  from  tank  No.  2  it  contains  only  the  sludge. 
It  will  be  seen  that  this  is  the  same  condition  which  was  described  at 
the  outset  of  this  description,  save  that  in  this  case  tank  No.  1  is  empty, 
while  tank  No.  2  contains  the  sludge  of  a  previous  solution.  The  proc- . 
ess  is  then  repeated,  the  tanks  alternating  first  with  original  bleach 
and  then  with  an  adjusted  bleach. 

The  process  above  outlined  involves  3  separate  applications  of  water 
to  the  bleaching  powder,  reducing  to  a  minimum  the  loss  of  available 
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chlorine.  The  lime  sludge  in  the  tank  after  the  second  application  of 
water  i.s  the  waste  of  this  process.  The  method  of  its  disposal  will  be 
de^scribed  under  another  heading. 

In  the  foregoing  discussion  of  the  process  of  pulp  manufacture  we 
have  traced  waste  substances  as  follows: 

1.  The  black-ash  sludge  and  the  water  in  which  it  is  held  in  sus- 
pension. 

2.  The  second,  third,  and  fourth  liquid  effluents,  which,  as  described, 
are  used  repeatedly,  and  which  finally  escape  by  being  forced  out  by 
fresher  waters  entering  through  various  processes. 

8.  The  lime  sludge  from  the  causticizing  process,  containing  a  small 
amount  of  soda. 

4.  The  lime  sludge  from  the  bleach-liquor  process. 

In  addition  to  these  there  are  occasional  liquors  of  a  similar  nature 
which  escape  by  reason  of  accidental  leaks  and  drippings,  but  their 
quantity  is  so  small  that  they  do  not  warrant  any  further  attention  in 
this  report. 

DISPOSAL  OF  SLUDGE. 
SEDIMENTATION   BED. 

The  mill  at  Willsboro  is  situated  below  the  second  dam  at  Willsboro 
Falls.  All  of  the  wastes,  except  the  second,  are  carried  across  the  river 
in  the  trough  shown  in  PI.  II,  B^  and  are  discharged  into  a  sedimenta- 
tion bed  which  covers  a  considerable  area  along  the  right  bank  of  the 
river,  from  which  it  is  separated  by  retaining  walls.  The  various  waste 
liquors  run  the  length  of  the  inclosed  area,  depositing  suspended  mat- 
ter in  transit,  and  are  finally  discharged  at  the  lower  end  over  a  weir 
(PI.  V,  ^1),  and  find  their  way  into  Bouquet  River.  All  of  the  wastes 
above  enumerated,  except  the  second,  enter  the  stream  by  way  of  this 
iicdimentation  bed.  The  second,  not  containing  sufficient  foreign  mat- 
ter to  render  it  dangerous  to  any  stream  or  at  all  important  from  the 
standpoint  of  pollution,  is  discharged  directly  into  the  stream  by  way 
of  the  tailrace. 

In  determining  the  effect  of  this  mill  upon  Lake  Champlain  the 
interest  centers  upon  wastes  1,  2,  and  4,  and  it  is  necessary  to  deter- 
mine the  result  of  the  mixture  of  these  substances  in  the  bed,  and  the 
character  of  that  which  flows  over  the  weir  into  the  stream,  in  order 
that  the  important  ingredients  may  be  traced  in  the  river  and  lake. 

WASTES. 

Waste  No.  1. — ^The  black-ash  sludge  should  theoretically  be  nothing 
but  carbon.     The  wood  is  cooked  with  caustic  soda,  the  resulting  prod- 
ucts being  pulp,  excess  soda,  and  the  wood  extractives.     Poplar  wood 
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contains,  according  to  standard  analyses,  the  following  substances  in 
the  proportions  stated: 

Analysis  of  poplar  wood. 

Percent. 

Cellulose 67.77 

Reein 1.37 

Aqueous  extract 2. 88 

Water 12.10 

Lignin 20.88 

The  soda  and  all  the  substances  occurring  in  the  above  analytical 
statement,  except  the  cellulose,  are  separated  from  the  cellulose  by 
washing,  and  the  remaining  liquid  is  run  through  the  recovery 
process.  As  a  matter  of  fact  this  liquid  contains  also  certain 
important  quantities  of  fine  pulp,  which  pass  through  the  screens. 
A  critical  examination  of  the  substances  which  it  contains  will  show 
that,  with  the  exception  of  the  soda  and  carbon,  they  are  all  of  such 
a  nature  as  to  be  volatilized  or  consumed  at  the  high  temperatures 
used  in  the  recovery  process.  Cellulose  and  lignin,  which  make 
up  the  greater  proportion  of  wood,  are  carbohydrates  and  are 
destroyed  by  heat,  leaving  only  carbon  in  the  ash.  The  other 
ingredients  are  either  destroyed  or  pass  off  in  gaseous  form,  leaving 
only  soda  and  carbon  at  the  end.  The  leaching  process  described 
separates  the  greater  part  of  the  soda  from  the  residue,  although  there 
still  remains^  according  to  analyses  of  the  sludge  at  this  mill,  an  aver- 
age of  170  parts  of  soda  per  million.  When  this  is  discharged  into  the 
sedimentation  bed  it  is  certain  that  a  still  further  extraction  of  the 
soda  from  the  ash  is  made.  Aside  from  this,  however,  waste  No.  1 
has  no  effect  upon  the  effluent  from  the  bed. 

Waste  No.  3, — The  lime  sludge  from  the  causticization  process  still 
retains  a  small  amount  of  soda,  about  327  parts  per  million,  according 
to  determinations  made  of  the  sludge  at  this  mill.  When  this  is  turned 
into  the  sedimentation  bed  it  may  be  expected  that  the  soda  still 
remaining  will  be  dissolved  and  that  an  uncertain  but  small  quantity 
of  the  lime  will  also  pass  into  solution. 

Waste  JVb.  I^, — The  lime  sludge  from  the  bleach-liquor  process  may 
be  expected  to  contain  considerable  amounts  of  chlorine,  and  in  fact 
the  samples  analyzed  did  contain  an  average  of  513  parts  per  million. 
This  sludge  deposited  in  the  sedimentation  bed  may  be  expected  to 
impart  to  the  effluent  considerable  chlorine  and  a  certain  amount  of 
lime  in  solution. 

From  what  has  been  stated  above  with  reference  to  the  three  wastes 
the  conclusion  may  be  drawn  that  lime,  soda,  and  chlorine  are  the 
three  principal  ingredients  of  the  effluent  from  the  sedimentation  bed. 
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This  conclusion  is  fully  borne  out  by  the  following  analytical  state- 
ment: 

Table  y.— Partial  analysis  of  effluent  from  sedimentation  bed,  Champlain  miUs,  WilU- 

borOj  N,  Y. 


Parte  per 
million. 

Total  solids 

4, 230. 000 

27.020 

13.700 

803.400 

143.900 

Calcium 

Magnesium 

8odiiim , 

Chlorine 

Parts  per 
million. 

Alkalinity  o 

1,938.000 

Albuminoid  ammonia 

Free  ammonia 

.266 
.036 

Nitrites 

.030 

Nitrates 

.100 

a  Equivalent  to  CaCOa. 

The  exceedingly  small  aniount  of  organic  matter  noted  in  the  abo^« 
table  confirms  what  has  been  stated  with  reference  to  the  destruction 
of  oi^nic  matter  in  the  process  of  soda  recovery.  The  most  striking 
feature  appearing  in  the  table  is  the  comparatively  small  amount 
of  lime  which  is  found  in  solution.  This  is  of  great  importance 
because  of  the  fact  that  a  large  part  of  the  objection  and  complaint 
has  been  based  upon  alleged  increase  of  the  amount  of  lime  in  the 
lake,  to  the  detriment  of  various  interests,  it  having  been  alleged  in 
one  case  that  the  lime  was  the  cause  of  a  death.  Twenty-seven  parts 
of  calcium  per  million  is  far  below  the  amount  found  in  the  greater 
part  of  the  water  in  the  United  States.  While  the  composition  of  this 
waste  varies  somewhat  from  day  to  day,  the  amount  of  lime  which  is 
contained  in  it  is  at  all  times  exceedingly  small.  This  fact  should  be 
borne  in  mind  in  connection  with  the  results  of  other  examinations 
reported  in  the  following  pages. 

EFFICIENCY   OF  SEDIMENTATION  BED. 

The  efficiency  of  the  sedimentation  bed  is  confined  entirely  to  the 
separation  of  the  suspended  matter  from  the  solution  as  represented 
by  the  effluent.  Practically  no  change  takes  place  in  the  character  of 
the  waste.  A  physical  examination  of  the  effluent  shows  usually  a 
clear  liquor,  although  at  times  amounts  of  suspended  matter  have  been 
noted.  The  sedimentation  bed  provided  apparently  serves  the  useful 
purpose  for  which  it  was  erected,  and,  so  far  as  the  writer  has  been 
able  to  discover,  fulfills  all  the  requirements  demanded  of  it.  The 
imperfections  which  exist  in  the  bed  did  not,  during  the  period  in 
which  these  investigations  were  made,  result  in  an  inferior  effluent,  but 
are  rather  matters  of  lack  of  economy,  in  which  the  company  alone  is 
interested.  Therefore  this  phase  of  this  question  does  not  enter  into 
the  subject  of  pollution. 

It  is  frequently  stated,  upon  what  seems  to  be  reliable  testimony, 
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that  the  walls  j^iirrounding  the  scdunentation  bed  are  not  sufficiently 
high  to  keep  out  the  spring  floods,  and  that  at  such  times  the  floods  over- 
top the  walls  and  force  out  the  material  which  has  been  deposited  th<M-e 
during  the  previous  months  from  the  mill  wastes  and  carry  it  into  I^ke 
Champlain.  On  the  other  hand,  equally  competent  testimony  denies 
that  such  occasions  do  arise.  As  the  evidence  is  about*  ecjual  on  both 
sides,  the  writer's  opinion  with  regard  to  this  waste  wmII  be  based  on 
the  condition  that  the  sedimentation  bed  shall  be  at  all  times  effective 
in  the  separation  of  suspended  matter  from  liquid  and  shall  not  at  any 
time  be  invaded  by  floods  and  the  contents  washed  into  the  lake. 

8BI)IMBNTATION-BBr)   EFFLUENT. 

The  character  of  the  effluent  from  the  sedimentation  beds  is  there- 
fore the  question  on  which  the  whole  subject  of  lake  pollution  hangs. 
This  character,  as  indicated  b\^  the  analyticiil  statement  given  in  Table 
V,  is  that  of  a  highly  alkaline  and  highly  saline  liquor.  Therefore  the 
specific  test-s  to  be  made  in  the  water  of  the  lake  to  determine  the  pres- 
ence of  this  waste  are  those  of  alkalinity  and  chlorine.  No  other 
determinations  are  of  value  in  the  specific  problems  in  hand. 

EFFECTS   OF   WASTE   ON   BOUQUET   RIVER  AND   LAKE   CHAMPLAIN. 

It  will  now  be  in  order  to  follow  the  effluent  from  the  sedimenta- 
tion bed  into  the  stream  and  down  to  the  lake  and  to  note  the  effects 
which  it  exerts  upon  both. 

EFFECT  ON   BOUQUET  KIVER. 

Charactet'  and  extent, — In  considering  the  effe<»t  of  the  waste  on 
Bouquet  River  it  will  be  instructive  to  note  (1)  any  changes  which 
may  take  place  in  the  amount  and  character  of  organic  matter  in  the 
stream,  as  the  results  of  analyses  of  the  river  at  several  points  will  be 
the  final  test  of  the  statement  that  the  pollution  of  the  stream  b}'  soda- 
mill  wastes  is  not  an  organic  one.  In  Table  VI  are  set  forth  deter- 
minations of  the  amount  and  the  condition  of  organic  matter  at  three 
points  in  the  stream — the  first  a  considerable  distance  above  Willsboro 
village,  where  the  water  is  practically  unpolluted;  the  second  below 
Willsboro  but  above  the  pulp  mill,  and  the  third  a  short  distance 
below  the  point  at  which  the  effluent  from  the  sedimentation  bed 
enters  the  stream. 

Table  VI. — Sanitanj  annlyyei*  of  water  m  Bmiquet  River  ot  three  points. 


Sampling  point. 


1 J  miles  above  Willsboro 

Below  Willsboro,  above  mill 

Bi»low  outlet   to    sedimentation    bed, 
1,000  feet 


Total 
HoUds. 


65.0 
72.0 

73.0 


Albumin- 

I       old 
ammonia. 

I 

1 

0.114 

.136 
.114 


Free 
ammonia. 


0.022 
.026 

.  02(J 


Nitrites.     NitrHtc-s. 


0.0 
.0 

.0 


0.300 
.200 

:200 
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It  will  be  appreciated,  upon  examination  of  the  data,  that  so  far  as 
the  mill  waste  is  concerned  there  is  absolutely  no  evidence  of  any 
change  taking  place  in  the  amount  of  organic  matter  in  the  water. 
The  conditions  below  the  outlet  of  the  sedimentation  bed,  where  one 
might  expect  the  full  force  of  the  impurities  to  be  concentrated,  are 
practically  the  same  as  those  in  the  river  below  the  village.  It  is 
therefore  clear  that  whatever  may  be  the  effect  of  the  pulp  mills  on 
Bouquet  River  and  Lake  Champlain,  such  effects  do  not  arise  from 
any  deposit  of  organic  matter.  The  waste  from  these  mills  is  entirely 
inorganic  and  can  have  no  relation  to  anything  allied  to  the  subject  of 
specitic  communicable  dise^ase,  except,  as  shown  in  the  report  of  Mr. 
Phelps  (pp.  111-114),  that  the  waste  may  prevent  the  dissemination  of 
such  disease. 

From  an  inorganic  standpoint,  however,  there  are  many  interesting 
changes  which  take  place  in  the  condition  of  the  water  in  Bouquet 
River  after  the  waste  from  the  mills  has  been  turned  into  it.  Exam- 
ination of  Table  VII  will  show  that  there  is  a  marked  increase  in  the 
amount  of  calcium,  sodium,  and  chlorine,  the  increase  in  the  last- 
mentioned  ingredient  being  more  noticeable  than  any  other. 

Tablb  VII. — Principid  inorganic  ingredients  in  vmier  of  Bouquet  River  at  six  points. 


Sampling  point. 


11  miles  above  Willsboro  Falls 

At  falls  above  mill 

Juat  below  sedimentation  bed. 


1,000  feet  below  sedimentation  l)ed ,    122. 0 

1,500  feet  below  sedimentation  bed 

2,000  feet  below  sedimentation  bed 


Total 
Holids. 

Ca, 

4.4 

Na. 

Cl. 

Alka- 
linity. 

76.8 

14.9 

1.2 

1.1 

50 

75.0 

15.1 

5.8 

1.2 

1.1 

50 

154.8 

17.9 

6.7 

3.7 

8.5 

57 

122.0 

24.3 

4.1 

5.9 

8.5 

57 

101.  6 

17.9 

4.3 

7.9 

8.5 

55 

99.0 

17.9 

4.8 

7.6 

7.9 

55 

In  considering  the  character  of  this  river  water  after  it  has  received 
the  waste  from  this  mill,  as  shown  in  the  anal^^ses  presented,  it  should 
l>e  remembered  that  the  river  at  the  time  the  samples  were  taken  was 
at  an  extremely  low  stage,  and  that  during  the  greater  part  of  the 
year  the  proportion  of  mill  waste  contained  in  the  water  would  be  far 
less.  The  Willsboro  mill  is  operated  on  a  steady  basis — that  is,  the 
total  output  per  day  throughout  the  year  is  practically  the  same,  and 
therefore  the  same  amount  of  waste  may  be  depended  upon  each  day 
throughout  the  different  seasons.  The  concentration  of  this  waste  in 
the  river,  however,  roust  vary  according  to  the  stage  of  the  stream. 

It  will  be  instructive  to  consider  brieflv  how  the  water  in  the  stream 
immediately  below  the  sedimentation  bed  compares,  in  its  proportion 
of  inorganic  ingredients,  with  other  waters  in  the  United  States  which 
are  considered  unobjectionable  and  freely  used  for  drinking  purposes. 


38 


POLLUTION    OF    LAKE    CHAMPLAIN. 


[NO.  121. 


Table  VIII. — Comparison  of  principal  inorganic  constituents  in  water  of  Bouquet  River 
below  sedimentation  bed  with  those  in  various  public  water  supplies. 

[Parts  per  million.] 


Bouquet  River . 

Yuma,  Ariz 

San  Diego,  Cal 

Los  Angeles,  Cal 

Pueblo,  Colo 

Lake  Michigan,  Chicago 

Maquoketa,  Iowa 

Clinton,  Iowa 

Mason  City,  Iowa 

Rockwell  City,  Iowa  . . . 

Poetville,  Iowa 

Council  Bluffs,  Iowa 

Cedar  Rapids,  Iowa 

Waterloo,  Iowa 

Dodge,  Kans 

Topeka,  Kans 

Argentine,  Kans 

Cumberland,  Md 

Minneapolis,  Minn 

Bayonne,  N.  J 

Mount  Vernon,  Ohio  . . . 

Sioux  Falls,  S.  Dak 

Houston,  Tex 

El  Paso,  Tex 

Winchester,  Va 

West  Milwaukee,  Wis  . . 


34.0 
39. 5 

114.8 
57.8 
80.7 
36.1 
83. 5 
54.9 
75.2 

274.0 
94.5 
46.1 
70.5 
32.1 

106.8 

108.9 
74.8 

145.2 
40.2 
42.7 
76.1 
98.8 
56.2 

180.1 
76.9 
31.6 


6.80 
16.59 
46.  30 
15.20 
12.30 
11.60 
33.  70 
21.40 
21.90 
87.50 
42.60 
13.80 
36.10 
33.80 
28.40 
22.10 
13.70 

8.90 
13.30 

7.20 
19.10 
35.60 

5.00 
26.00 
16.10 
10.30 


7.95 

8.50 

194.6 

172.  37 

266.0 

546.00 

40.4 

24.30 

55.6 

20.70 

5.5 

4.80 

22.2 

33.20 

75.0 

50.:^ 

4.8 

4.60 

9.9 

2.30 

38.0 

8.50 

85.5 

26.70 

10.6 

4.30 

78.0 

40.30 

153. 3 

145. 10 

39.2 

41.60 

8.7 

7.00 

7.2 

10.90 

15.4 

4.80 

16.8 

3.10 

46.6 

48.90 

450.0 

393.  00 

3.9 

6.00 

18.1 

2.90 

Co7icbisio7is. — The  data  set  forth  above  show  clearly  that,  so  far  as 
the  inorganic  ingredients,  especially  lime,  soda,  and  chlorine  are  con- 
cerned, the  water  of  Bouquet  River  below  the  entrance  of  the  waste 
from  Willsboro  mill  is  preferable  to  many  waters  which  are  used 
daily  for  domestic  purposes  and  concerning  which  no  complaint  is 
ever  heard.  It  is  true,  notwithstanding,  that  the  river  is  damaged  by 
the  mill.  The  waste  which  is  turned  into  the  stream  contains  a  cer- 
tain amount  of  wood  pulp  which  pa.sses  through  the  washers  and 
bleach  drainers.  This  pulp  is  small  in  amount,  yet  from  day  to  da}'  it 
accumulates  and  in  the  course  of  weeks  and  months  represents  a  con- 
siderable loss.  It  is  collected  in  the  eddies  and  shallow  places  along 
the  banks  of  the  stream  and  is  found  along  the  shores  of  the  lake 
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close  to  the  mouth  of  the  river,  this  latter  amount,  however,  being 
insignificant.  After  an  extended  search  along  the  shores  of  the 
lake  north  and  south  from  the  mouth,  covering  sevemi  miles  and 
occupying  about  one-half  day.  the  amount  of  pulp  found  here  and 
there  in  isolated  bunches  weighed  approximately  5  pounds.  In  the 
stream,  however,  the  damage  done  is  readily  app)arent.  Although 
the  pulp  itself  does  not  putrefy,  it  collects  and  holds  large  amounts  of 
other  debris  which  is  putrescible,  with  the  result  that  the  mass 
heromes  foul  and  gives  off  disagreeable  odors.  There  is,  too,  a  char- 
acteristic odor  in  the  mill  waste  which  is  appreciable  ail  along  the 
stream,  and  can  be  detected  in  the  lake  at  the  mouth  of  the  river  when 
the  conditions  are  favorable.  This  odor  peniieates  the  water,  and 
while  it  can  not  be  regarded  as  a  serious  nuisance,  it  is,  nevertheless, 
somewhat  objectionable. 

The  most  serious  feature  in  regard  to  the  waste  in  the  stream  is 
that  it  gives  a  distinct  and  disagreeable  taste  to  the  fish,  so  that  they 
are  no  longer  fit  for  eating.  C!ontrary  to  widespread  reports,  there 
are  fish  in  this  stream  in  considerable  numbers,  but  their  value  as 
food  is  said  to  be  entirely  destroyed. 

Realty  values  along  the  stream  are  diminished  somewhat;  but  as 
there  is  not  at  present,  nor  will  there  be  in  the  future,  any  great 
demand  for  the  property  as  a  place  of  residence,  this  damage  is  more 
theoretical  than  practical. 

In  short,  while  the  stream  is  undoubtedly  damaged  by  the  mill, 
there  is  a  compensation  in  the  presence  of  the  industry  in  that  neigh- 
borhood. On  the  basis  of  public  economy,  there  would  l>e  no  hesita- 
tion in  choosing  in  favor  of  the  mill  rather  than  the  stream.  The 
damage  done  is  entirely  local  and  probably  is  not  felt  from  an  actual 
pecuniary  standpoint,  while,  on  the  other  hand,  if  the  mill  were  closed 
the  loss  to  the  community  would  be  serious. 

EPifBCT  OF  WASTE  ON    LAKE  CHAM  PLAIN. 

The  observations  which  have  been  made  with  reference  to  the  river 
and  the  effect  which  the  mill  waste  exerts  upon  it  can  not  be  taken 
as  an  absolute  indication  of  the  effect  of  these  wastes  in  the  lake. 
Damage  to  the  stream  does  not  necessarily  involve  damage  to  the 
lake,  nor,  on  the  other  hand,  would  a  lack  of  damage  to  the  former 
be  an  assurance  of  no  damage  to  the  latter.  It  is  only  upon  actual 
investigation,  involving  the  patient  tracing  out  of  the  specific  foreign 
ingredients  in  the  waters  of  the  lake,  and  observing  the  distance 
from  the  mouth  of  the  river  at  which  the  lake  water  assumes  the 
normal  characteristics  shown  in  Table  III,  that  any  definite  state- 
ments can  be  made  with  reference  to  the  subject. 

Methods  of  investigation, — In  the  investigations  here  reported  it  has 
been  the  endeavor  to  work  out  the  problem  along  these  precise  lines. 
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Samples  have  been  taken  of  the  water  at  the  mouth  of  the  river  and 
from  this  point  along  radiating  lines  running  well  out  into  the  lake. 
These,  together  with  the  samples  taken  along  the  shore  north  and 
south  of  the  river,  give  an  accurate  idea  of  the  distances  to  which  the 
mill  waste  is  appreciable.  In  this  way  the  data  for  this  report  have 
been  gathered  and  the  results  of  the  various  determinations  have  been 
grouped  so  that  they  may  admit  of  intelligent  interpretation. 

The  lake  at  the  mouth  of  Bouquet  River  is  well  reprascnted  in  PI. 
VI;  the  prominent  points  to  the  north  and  to  the  south  of  the  river 
define  a  small  bay  where  the  water  is  extremely  shallow.  A  high 
sand  bar,  composed  of  materials  brought  down  by  the  river,  extends 
for  about  one-half  mile  east  of  the  southernmost  point.  Between  this 
bar  on  the  south  and  the  bolder  cape  on  the  north  the  sand  has  drifted, 
making  the  water  too  shallow  for  any  except  the  smallest  light-draft 
rowboats.  Here  the  river  empties  its  contents  and  an  exceptionally 
favorable  place  is  aflforded  for  the  concentration  of  the  wastes  from  the 
pulp  mill. 

The  investigations  subsequently  to  be  described  consisted  of  the 
sampling  of  water  at  designated  points  and  determining  the  amount  of 
chlorine  and  the  alkalinity,  expressing  the  latter  in  terms  of  calcium 
carbonate.  These  two  determinations,  as  above  noted,  are  the  spe- 
cific ones  which  are  best  adapted  for  tracing  the  mill  waste  into  the 
lake. 

The  initial  samples  in  each  case  were  taken  at  a  central  point  at  the 
mouth  of  the  river,  marked  by  a  buoy,  and  all  other  samples  were  taken 
along  lines  radiating  from  this  point,  as  indicated  on  Pis.  VI,  VII, 
and  VIII.  The  distances  between  the  sampling  points  were  in  all  but 
a  few  cases  actually  determined  by  measurement,  and  buoys  were  per- 
manently set  at  these  points.  In  other  cases,  however,  the  distances 
were  estimated  as  closely  as  possible  by  observing  intersecting  lines 
running  over  landmarks  or  by  points  along  the  shore.  In  the  caso  of 
the  shore  samples  taken  in  the  last  two  series  the  distances  were 
approximately  1,000  feet  apart. 

In  all  sample  series  the  direction  of  the  wind  and  the  velocity 
recorded  by  the  anemometer  have  been  considered,  and  interpretations 
of  the  various  results  should  be  made  according  to  these  conditions. 
In  an  experimental  series  taken  on  August  2  it  was  found  that  the 
water  at  the  surface  was  typical  of  the  conditions  resulting  from  the 
discharge  of  waste  into  the  lake.  The  lower  waters  were,  however, 
more  uniform,  generally  little  aflfected  by  the  wastes,  and  therefore  not 
good  subjects  of  investigation.  Samples  were  taken  in  all  subsequent 
series  from  the  surface  onl}',  and  in  intci'preting  the  results  hereinafter 
set  forth  with  reference  to  the  effect  of  the  river  upon  the  lake,  it  should 
be  remembered  that  such  results  set  forth  only  the  conditions  existin<i[' 
at  the  surface  and  tliat  throughout  the  entire  investigation  there  was 
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not,  except  in  the  ver}'  limited  area  about  the  central  buoy,  any  indi- 
cation of  pollution  from  the  stream  in  the  deeper  waters  of  the  lake. 
Therefore  the  effects  of  the  wind  upon  the  distribution  of  the  wastes 
are  to  be  recognized  more  prominently  in  the  direction  from  the  mouth 
of  the  river  toward  which  the  wind  was  blowing. 

Sample  aeries  of  Angimt  12, — ^The  conditions  attendant  upon  the  col- 
lection of  this  series  of  samples  are  well  set  forth  in  PI.  VI.  There  it 
is  shown  that  a  light  wind  was  blowing  from  the  northeast.  The 
w^ater  from  the  river,  therefore,  might  l>e  expected  to  take  a  sharp 
southerly  turn,  and  little  or  no  effect  would  Iw  discernible  along  the 
outer  sampling  points  of  lines  C  and  D.  Reference  to  Table  IX  shows 
conclusively  that  such  inferences  are  unreliable.  Critical  examina- 
tion of  the  figures  shows  that  there  is  a  raiarked  increase  in  chlorides 
and  alkalinity  along  the  D  line  from  center  to  point  5.  This  may  be 
explained  by  the  following  statement:  The  3-mile  wind  represented 
on  the  plate  was  that  which  immediately  followed  a  change  in  wind 
direction.  These  samples  were  taken  in  the  afternoon.  The  record 
shows  that  during  the  morning  and  up  to  about  noon  a  strong  wind 
was  blowing  from  the  souths  and  that  such  conditions  persisted  all  the 
day  previous.  The  wastes  under  these  conditions  were  blown  to  the 
north  shore,  and  the  wind  having  changed  so  short  a  time  before 
the  samt)les  were  taken,  and  having  blown  so  lightly,  its  effect  was  not 
appreciable.  The  condition  under  which  the  samples  were  taken  was 
in  reality  a  10-mile  wind  from  the  south. 

Table  IX. — Bouqitet  River  sampU  series  of  Augrist  12,  1904. 

[Parts  per  million.] 
A  LINE. 


Samplin{^  point. 

Chlorinp. 

7.2 
6.1 
1.7 

7.2 
1.5 
1.4 

Alkalin- 
ity. 

57.  0 

Sampling  point. 
A-3 

rhlorine. 

Alkalin- 
ity. 

Center 

1.7 
1.5 
1.6 

1.4 
1.4 
1.4 

47.0 

A~l  

55.0 
47.0 

1  A-4 

47.0 

A-2 

................. 

A-5 

47.0 

B  LINE. 

Center 

57.0 
48.0 
47.0 

C  L 

57.0 
48.0 

48.0 

'  Ii-8 

47.0 

B-l   

B-l 

47.0 

B-2 

1  -■'   •  ...•>.••...••.... 
B-5 

47.0 

INE. 

Center 

7.2 
1.4 
1.3 

C-3 

1.4 
1.1 
1.1 

46.0 

C-1 

C-4 

47.0 

C-2 

C-5 

47.0 
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Table  IX. — Bouquet  River  sample  aeries  of  August  IS,  i^^-— Continued. 

D  LINE. 


Sampling  point. 

Chlorine. 

Alkalin- 
ity. 

Sampling  point. 

Chlorine. 

Alkalin- 
ity. 

Center 

7.2 
1.2 

57.0 
48.0 

D-3 

D-4 

1.4 
4.2 
3.3 

48.0 

D-1 

47.0 

D-2 

D-5 

47.0 

In  examining  Table  IX  it  should  be  remembered  that  the  chlorides 
in  the  water  of  the  broad  lake  which  were  stated  in  Table  III  (p.  20) 
as  the  standard  of  comparison  are  1.2  parts  per  million^  while  the 
alkalinity  is  47  parts.  The  results  of  the  sample  scries  of  August  12 
show  an  enormously  increased  amount  of  chlorine  and  alkalinity  at  the 
center  buoy.  Along  the  A  line  there  is  a  slight  decrease  at  No.  1, 
which  lies  close  to  a  sand  bar  and  is  in  a  position  to  be  markedly 
affected,  while  at  point  No.  2  the  conditions  are  almost  normal,  the 
alkalinity  being  the  same  as  in  the  center  of  the  lake  and  the  chlorine 
a  trifle  higher.  These  conditions  are  practicall}"  the  same  for  the 
other  three  sampling  points.  Along  the  B  line  there  is  practically  no 
evidence  of  pollution  from  the  mill  at  point  No.  1, 1,000  feet  from  the 
center  buoy,  while  at  point  No.  2  the  alkalinity  has  reached  the  normal, 
while  the  chlorine  exceeds  it  by  an  insignificant  amount.  The  same 
condition  persists  at  points  3,  4,  and  5.  The  evidence  given  by  the 
C  line  is  the  same — that  is,  that  1,000  feet  from  the  center  buoy  there 
appears  to  be  little  or  no  pollution  from  the  stream,  while  at  a  distance 
of  2,500  feet  along  this  line  the  water  is  the  same  as  that  taken  from 
the  broad  unpolluted  lake.  The  peculiarity  shown  by  the  D  line  has 
already  been  mentioned.  The  amount  of  chlorine  in  the  waters  at 
sampling  points  4  and  5  is  greater  than  that  at  1  and  3.  This,  as  has 
been  said,  is  due  to  the  strong  southerly  winds  which  prevailed  during 
the  day  previous  and  the  first  part  of  the  day  on  which  the  samples 
were  taken.  Attention  should  also  be  called  to  the  shore  outline 
north  of  the  river's  mouth,  which  during  a  southerly  breeze  would 
have  the  effect  of  throwing  floating  impurities  out  into  the  lake  at 
about  the  relative  positions  occupied  by  points  3,  4,  and  5. 

The  results  of  the  determination  of  chlorine  and  alkalinity  in  this 
series  of  samples  indicate  that  at  a  distance  of  1,000  feet  from  the 
center  buoy  the  effect  has  already  practically  disappeared  at  the  B 
and  C  lines.  The  same  is  true  of  the  A  line  at  a  point  1,600  feet  from 
the  center  buoy,  the  point  at  1,000  feet  being  very  near  the  shore  and 
in  shallow  water  next  to  the  sand  bar,  while  at  the  D  line  little  trust- 
worthy evidence  is  afforded  because  of  the  peculiar  conditions  which 
preceded  the  taking  of  the  sample.     The  character  of  the  water  at 
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points  4  and  5  on  this  line  was  abnormal  only  in  the  amount  of  chlo- 
rine, which,  while  considerable,  would  by  no  means  represent  a  dan- 
gerous water. 

Sample  series  of  August  21. — ^This  series  was  taken  during  a  north- 
erly breeze,  blowing  at  about  11  miles  per  hour.  The  surface  of  the 
lake  was  exceedingly  rough,  as  at  this  point  a  northerly  wind  has  a 
sweep  of  about  50  miles  of  lake.  Samples  were  taken  along  5  radia- 
ting lines  from  the  center  buoy  and  along  the  shore  north  and  south 
of  the  river's  mouth.  Along  the  A  line,  as  shown  in  PI.  VII,  samples 
wore  taken  at  distances  of  2,600,  3,000,  and  6,000  feet;  along  the  B 
line  at  1,000,  2,000,  2,500,  and  3,000  feet;  along  the  I)  line  at  1,000 
and  2,000  feet,  and  along  the  E  line  at  1,000,  2,000,  2,500,  and  3,000 
feet.  The  shore  samples  were  taken  approximately  1,000  feet  apart 
north  and  south  of  the  river's  mouth.  The  results  of  the  determina- 
tions are  set  forth  in  Table  X. 

Table  X. — Bmtquet  River  sample  Beries  of  August  fSl,  J 904. 

[Piuta  per  million.] 
A  LINE. 


Sajnpling  point. 

Chlorine. 

1.4 
1.2 

Alka- 
linity. 

47.0 
46.5 

Sampling  point. 

Chlorine. 

1.0 
.9 

Alka- 
linity. 

Center 

A-2 

44.0 

A-I 

A-3 

43.0 

B  LINE. 

Center 

1.4 
1.2 

1.4 
1.3 
1.2 

47.0  . 
48.0 

1  B-2 

1.1 
1.0 

0.9 
1.0 

47.0 

B-1 

1 
II-3  ...     . 

44.0 

C  LINK. 

Center 

47.0 
48.0 

1 
G-3 

44.0 

C-1 

1 
C-4 

44.0 

C-2 

45.0 

1 

i 

D  LI 

[NE. 

Center 

1.4 
1.6 

47.0 

D-2 

.    1.0 

44.0 

D-1 

48.0 

E  LINE. 

Center 

1.4 
1.2 

1.2 

47.0 
48.0 
45.0 

E-3 

0.8 
1.0 

45.0 

R-1 

E-4 

45.0 

E-2 

1 

1 

44 


POLLUTION    OF   LAKE    OHAMPLAIN. 


[NO.  121. 


Table  X. — Botiquet  River  mmple  $eries  of  August  SI,  1904 — Continued. 

SOUTH  SHORE. 


Sampling  point. 


Chlorine. 


Center 

1 

2 

Center 
1 

9 


1.4 
3.0 
3.3 


Alka- 
linity. 


47.0 
56.0 
54.0 


Sampling  point. 


3 
4 


Chlorine. 


3.5 
3.8 


Alka- 
linity. 


54.0 
55.0 


NORTH  SHORE. 


1.4 
1.0 
2.1 

47.0 
47.0 
60.0 

3 

1.0 
1.2 

47.0 

4 

45.0 

The  south  shore  samples,  as  might  be  expected,  show  a  considerable 
concentration  of  the  waste  from  the  stream,  the  chlorides  and  the 
alkalinity  being  higher  than  at  the  center  buoy.  In  fact,  the  condition 
of  the  water  at  the  center  buoy  in  the  mouth  of  the  river  is  remarkable 
in  having  an  alkalinity  not  greater  than  that  in  the  broad  lake  and  an 
insignificant  increase  only  in  the  amount  of  chlorine.  There  seems, 
however,  to  have  been  a  concentration  of  the  waste  along  the  south 
shore  during  the  same  period  at  which,  from  one  re&son  or  another, 
the  amount  of  waste  running  down  the  stream  was  greater  than  during 
the  period  at  which  the  sample  was  taken.  The  reason  for  this  was 
pot  shown  in  the  investigation,  as  it  was  demonstrated  that  the  amount 
of  waste  turned  into  the  stream  had  been  practically  constant  for 
several  days  previous.  The  most  probable  reason  for  the  condition 
i^  the  effect  of  the  peculiar  shore  line  and  the  wind. 

The  A  line  shows  no  evidence  whatsoever  of  the  presence  of  waste 
from  the  mill,  nor  does  the  B  line  even  at  a  distance  of  1,000  feet  from 
the  center  buoy  and  around  the  sand  bar  mentioned  in  the  discussion 
of  the  sample  series  of  August  12.  In  fact,  the  samples  taken  along 
the  various  lines  as  a  whole  give  entirely  negative  evidence,  proving 
conclusively  that  the  effect  of  the  wastes  turned  into  Bouquet  River  is 
not  appreciable  for  any  considerable  distance  into  the  lake,  and  that  the 
only  apparent  effect  traceable  is  alongshore  immediately  north  or  south 
of  the  river's  mouth. 

The  data  afforded  by  the  two  sample  series  above  discussed  show 
unmistakablv  that  while  the  sedimentation  bed  of  the  Willsboro  mill 
is  in  operation,  and  while  care  is  taken  in  the  operation  of  the  mill, 
there  is  no  appreciable  pollution  of  Lake  Champlain  from  Bouquet 
River.  In  considering  matters  of  this  kind  the  inquiry  is  usuallj^ 
extended  to  two  broad  questions:  (1)  Whether  the  foreign  matter 
turned  into  the  stream  is  appreciable  in  the  lake;  and  (2)  if  appreciable, 
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whether  or  not  its  presence  is  deleterious.  In  this  case,  however,  it 
is  unnecessary  to  enter  into  the  second  part  of  the  problem.  So  far 
as  the  specific  material  turned  into  the  river  by  the  mill  is  concerned 
it  can  not  be  traced  by  chemical  means  for  any  distance  into  the  lake. 
It  has  been  shown  in  previous  pages  that  the  pollution  is  a  chemical 
i-ather  than  an  organic  one,  and  that  the  substances  are  lime,  soda,  and 
chlorine.  It  was  further  shown  that  the  amount  of  lime  even  in  the 
effluent  from  the  sedimentation  bed  is  extremely  small,  and  that  many 
lakes,  rivere,  and  water  supplies  throughout  the  country  contain  far 
more  without  doing  damage.  It  has  been  further  shown  that,  as  soda 
and  chlorine  are  the  principal  polluting  constituents,  the  determina- 
tions of  chlorine  and  of  alkalinity  are  the  specific  determinations  for 
use  in  the  investigation  of  this  class  of  pollution.  The  evidence  of 
the  sample  series  of  August  12  and  21  demonstrates  that  no  damage 
results  in  the  lake.  These  conclusions  are  made  with  the  reservation 
that  the  sedimentation  bed  at  the  Willsboro  mill  shall  be  in  operation 
and  shall  work  as  effectively  as  it  did  during  the  period  of  the 
investigation. 

Sample  series  of  August  31.— It  was  believed  wise,  however,  to 
determine  what  the  effect  might  be  if  the  sedimentation  bed  were  not 
operated.  This  was  made  all  the  more  desirable  because,  of  the  oft- 
repeated  statement  by  the  complainants  that,  although  by  the  intro- 
iluction  of  the  sedimentation  bed  the  greater  part  of  the  ground  for 
complaint  against  the  mill  had  been  removed,  the  bed  had  not  been 
operated  previous  to  the  commencement  of  the  investigation,  and  that 
typical  results  were  not  obtained  by  the  author.  Arrangements  were 
therefore  made  with  the  mill  authorities  to  disconnect  the  trough 
shown  in  PI.  II,  B^  which  conducts  the  wastes  across  the  stream  and 
into  the  sedimentation  bed,  and  to  allow  the  raw  material  to  run  down 
the  river  and  into  the  lake  for  a  period  of  twenty-four  hours,  at  the 
end  of  which  samples  were  to  be  taken  and  a  general  series  of  deter- 
minations made  to  ascertain  whether  or  not  the  conditions  would  be 
materially  different  from  those  in  the  case  of  the  two  previous  sample 
series.  Accordingly  the  trough  was  disconnected  at  3.20  p.  m.  on 
August  30,  and  the  entire  waste  from  the  mill,  including  black-ash  and 
lime  sludges,  was  allowed  to  flow  into  the  stream  until  5  p.  m.  on 
August  31.  At  4  p.  m.  on  August  31  a  series  of  samples  was  taken 
at  the  mouth  of  the  river,  at  positions  indicated  on  the  map,  PI. 
VI II.  A  northeast  wind,  blowing  at  the  rate  of  10  miles  an  hour, 
was  piling  up  the  waves  across  the  sampling  field  and  diverting  all 
the  flow  from  the  river  southward  along  the  shore  of  the  lake. 

It  did  not  require  chemical  analysis  to  determine  the  effect  of  the 
discharge.  From  the  mouth  of  the  river  around  the  point  and  south 
thereof,  and  thence  along  the  shore  in  a  dark  purplish  band  about 
300  feet  in  width,  the  mill  waste  extended  down  the  south  shore 
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for  a  distance  of  about  1  mile.     Here  it  ended  and  the  water  beyond 
was  of  the   normal  appearance.     The  results  of  the  investigations 

in  Table  XI  will  show  the  character  of  the  water. 

* 

Table  XI. — Bouquet  River  sample  series  of  August  SI  and  September ;?,  1904. 

[Parts  per  million.] 


A  LINE,  a 


Sampling  point. 


Center 
A-1  ... 


Chlorine. 

Alkalin- 
ity. 

9.8 
1.1 

59.0 
45.0 

Sampling  point. 


A-2 
A-3 


B  LINE,  a 


Alkalin- 
ity. 


45.0 
45.0 


Center 
B-1  .. 


9.8 
8.9 


59.0 
58.0 


B-2 
B-3 


C  LINE,  a 


Center 
C-1  .. 


9.8 
1.3 


59.0 
44.5 


C-2 


D  LINE,  a 


Center 
D-l  .. 


9.8 
1.2 


59.0  ! 
45.0  I 


D-2 


SOUTH  SHORE. a 


Center 


3 


9.8 

59.0 

5.2 

60.5 

7.2 

54.0 

5.2 

47.0 

4.0 

46.0 

1 

SOUTH  SHORE,  b 


1 

7.5 

2 

1.6 

3 

1.6 

4 

1.2 

6.2 
1.1 


57.0 
45.0 


44.0 


.9 


44.0 


5 

1.9 
3.2 
1.4 
1.3 
1.1 

46.0 

6 

45.0 

7 

44.0 

8 

45.0 

9 

45.0 

5 

1.3 
1.2 
1.1 
LO 

45.0 

6 

44.5 

7 

45.0 

8 

45.0 

a  August  31.  b  September  2. 

It  will  be  seen  that  at  the  center  buoy  there  was  a  chlorine  content 
of  9.8  parts  per  million,  with  an  alkalinity  of  59.  At  the  sampling 
points  on  the  A  line,  situated  at  2,000,  2,500,  and  3,000  feet  from  the 
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conter  and  one-fifth  to  one-fourth  mile  from  the  shore,  the  chlorine 
and  alkalinity  were  subnormal.  Along  the  B,  line,  at  points  1  and  2, 
inking  500  and  1,<MM)  feet,  respectively,  from  the  center  buoy  and 
l)eyond  the  narrow  line  of  influence  of  the  waste,  the  water  was 
normal.  The  samples  along  line  C  showed  a  slight  rise  in  chlorine, 
hut  subnoi-mal  alkalinity,  while  no  effect  along  line  D  was  perceptible. 
Along  the  south  shore  line  samples  from  points  varying  from  about 
S(M)  to  1,0()0  feet  apart  show  clearly  the  effect  of  the  discharge  of 
waste.  Sample  No.  1)  was  taken  about  50  feet  beyond  the  point  at 
which  the  visible  effect  of  the  waste  ended,  and,  as  shown  by  the 
determination,  is  a  normal  lake  water. 

The  evidence  shown  by  the  series  of  samples  and  by  the  observations 
made  at  the  time  of  sampling  indicates  that  when  the  waste  is  turned 
from  the  Willsboro  mill  directly  into  the  stream  the  local  effects  alK)ut 
the  mouth  of  the  river  are  marked.  In  order  to  determine  how  long 
the  condition  which  was  brought  about  by  this  direct  discharge  might 
persist,  a  series  of  samples  was  taken  along  the  shore  two  days  later, 
on  September  2,  which  are  set  forth  in  the  last  section  of  Table  XI. 
They  show  conclusively  that  while  the  results  of  the  discharge  of 
water  directly  into  the  stream  were  not  so  marked  as  on  August  31, 
the  chlorine  and  alkalinity  were  higher  than  at  any  time  during  the 
previous  examinations. 

(anehuHions, — It  is  apparent  that  the  daily  discharge  of  the  entire 
amount  of  mill  sludge  directly  into  the  stream  would,  if  continued  for 
a  long  period,  affect  the  lake  even  more  than  is  indicated  by  the  short- 
term  discharge  noted  in  the  above  discussion.  The  deposit  of  large 
(Quantities  of  lime  along  the  l)ed  of  the  stream  would  increase  the  dam- 
age already  done  there  and  would  seriously  affect  the  lake  by  reason 
of  its  being  washed  down  into  it  at  every  freshet.  From  the  results  of 
the  experimental  discharge  it  can  not  be  determined  with  any  degiee 
of  assurance  just  what  the  effect  would  be,  but  it  is  reasonably  safe  to 
assume  that  the  conditions  for  a  considerable  distance  in  the  lake  and 
to  the  north  and  south  of  the  river's  mouth  would  be  comparable  to 
those  now  existing  in  the  stream. 

The  evidence  given  on  the  previous  pages  is,  in  the  opinion  of  the 
author,  unquestionably  sufficient  to  support  the  opinion  that  the  pulp 
mill  at  Willsboro  has  not  the  slightest  harmful  effect  upon  the  lake 
when  it  ii*  operated  in  connection  with  the  sedimentation  bed.  While 
objection  has  been  raised  to  the  sedimentation  bed  itself,  the  statements 
made  have  been  based  upon  features  which  are  not  necessary  to  the 
efliciency  of  the  bed  as  a  separator  of  suspended  material,  but  rather 
upon  features  which  should  interest  only  the  company  maintaining 
the  plant.  It  is  not  within  the  scope  of  this  report  to  criticise  the 
sedimentation  bed  or  any  device  which  has  been  set  up  to  prevent 
the  pollution  of  streams.     Strictly,   the  investigation   was  limited 
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to  the  lake  itself,  and  the  limit  has  been  overstepped  only  when  it  was 
necessary  to  do  so  in  order  to  intelligently  lead  up  to  a  discussion 
of  the  real  problems.  Therefore,  whatever  may  be  said  by  way  of 
criticism  of  the  sedimentation  bed  must  be  left  for  other  investigations 
and  reports.  It  is  sufficient  to  state  that  the  plant  which  is  now  pro- 
vided is  efficient  in  caring  for  the  suspended  matter  in  the  waste,  and 
that  what  flows  over  the  lower  end  of  the  retaining  wall  is  not  of  a 
character  to  influence  in  the  slightest  degree  the  water  of  the  lake 
beyond  the  short  distance  of  from  1,000  to  2,000  feet  from  the  river's 
mouth. 

AUHABIiE  RIVER. 

ORIGIN  AND  COURSE. 

East  and  West  branches  of  Ausable  River  join  to  form  the  main 
stream  on  the  northern  border  of  Jay  Township.  From  this  point 
the  river  flows  northwestward  to  LakeChamplain,  forming  the  bound- 
ary between  Essex  and  Clinton  (iounties.  The  distance  between  the  con- 
fluence of  the  two  branches  and  the  mouth  of  the  river  is  about  20  mile^. 
West  Branch  of  Ausable  River  rises  in  Lake  Placid,  at  an  elevation 
of  1,864  feet.  East  Branch  rises  in  Ausable  lakes,  in  the  Adirondack 
Mountain  Reserve,  the  elevation  of  the  upper  lake  being  1,993  feet. 
The  main  stream  enters  Lake  Champlain  at  an  elevation  of  101  feet. 
From  this  it  may  be  seen  that  Ausable  River  is  a. fairly  good  power 
stream  (PI.  V,  B)^  although  the  variable  flow  makes  it  somewhat  unre- 
liable in  dry  seasons.  Nevertheless,  the  valley  has  attracted  many 
industries  (PI.  IX,  li)  and  has  been  in  the  past  of  considerable  impor- 
tance as  an  iron-manufacturing  center.  At  the  junction  of  the  two 
branches  is  the  village  of  Ausable  Forks,  which  was  initially  developed 
by  the  iron  industry  and  later  grew  by  the  wood-pulp  industry.  Six 
miles  below,  at  Clintonville,  there  was  at  one  time  a  fair  amount  of 
activity  in  the  iron  industry,  but  this  has  during  recent  years  failed 
completely,  and  the  village  presents  a  deserted  appearance.  Still 
farther  down  the  stream  is  the  village  of  Keeseville,  a  conservative 
old  town,  which  has  developed  considerable  importance  in  the  past  by 
reason  of  its  various  manufacturing  plants. 

Three  miles  below  this  the  river  enters  what  is  known  as  Ausable 
Chasm,  a  striking  feature  of  that  part  of  the  country.  It  is  a  very 
narrow  gorge,  about  100  feet  in  depth,  and  varying  in  width  from  10 
to  50  feet,  with  perpendicular  walls.  This  chasm  has  been  eroded  by 
the  stream  through  the  Potsdam  sandstone  and  is  well  represented  in 
PI.  IV,  B,  Altogether,  Ausable  River  is  of  considerable  importance 
by  reason  of  its  useful  and  attractive  features,  and  of  late  the  country 
has  been  developed  more  and  more  extensive h'  as  a  summer  resort. 

The  river  enters  Lake  Champlain  about  3  miles  north  of  Port  Kent; 
the  country  at  its  mouth  is  very  low  and  swampy  and  of  delta-like 
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formation.  At  the  present  time  the  waters  of  the  river  enter  the  lake 
by  two  outlets,  and  formerly  there  were  several  others,  a  third  having 
been  closed  by  sedimentary  deposits  within  recent  years.  (See  map, 
PL  I.) 

SULPHITE-PULP   POLLUTION. 

The  principal  point  of  interest  for  the  purposes  of  this  report  is  at 
Ausable  Forks,  where  there  have  been  established  the  extensive  pulp 
and  paper  mills  of  the  J.  &  J.  Rogers  Company.  The  process  by 
which  pulp  is  manufactured  at  this  plant  differs  materially  from  that 
at  Willsboro.  The  separation  of  the  lignin  and  other  extractives  from 
the  cellulose  rests  upon  the  action  of  sulphurous  acid,  which  is  applied 
to  the  wood  in  the  form  of  an  acid  calcium,  sulphite.  In  order  to 
determine  the  character  of  the  waste  from  the  sulphite  process  it  will 
be  necessary  to  review  in  some  detail  the  manufacturing  process.  It 
is,  on  the  whole,  much  simpler  to  describe  and  involves  fewer  appur- 
tenant plants  than  the  soda  process,  while  at  the  same  time  the  by- 
products are  far  more  complex  and  present  difficulties  which  up  to  the 
present  time  have  baffled  the  skill  of  the  ablest  chemists. 

MANUFACTURE  OF  SULPHITE- PULP. 

The  manufacture  of  sulphite  pulp  differs  from  that  of  soda  pulp  in 
that  the  medium  by  which  the  wood  is  digested  is  an  acid  sulphite  of 
calcium  instead  of  a  caustic  soda.  This  substance  is  more  effective  in 
the  disintegmtion  of  fiber  than  is  caustic  soda,  and  is  therefore 
used  upon  tougher  and  more  consolidated  woods,  notably  spruce.  In 
many  respects  the  two  processes  are  similar.  The  spruce  wood  used 
is  barked  and  chipped  in  the  same  way,  and  the  chips  are  turned  into 
the  digesters  and  treated  with  the  liquor  in  a  substantially  similar 
manner. 

METHODS   OF   MANUFACTURE. 

The  acid  sulphite  used  to  disintegrate  the  cellulose  fibers  is  made 
in  the  following  manner:  Sulphur  is  burned  in  furnaces,  the  air  sup- 
ply of  which  is  regulated,  and  the  sulphur  dioxide  thus  formed  is 
carried  over  to  a  cooler,  whence  it  is  drawn  through  a  series  of 
three  tanks  filled  with  milk  of  lime.  This  is  generally  designated 
the  "vacuum  process."  The  gas  is  first  drawn  upward  by  virtue  of 
a  partial  vacuum  created  in  the  tanks,  through  the  lowest  tank,  where  a 
part  of  the  gas  is  absorbed;  it  is  then  carried  to  the  next  higher: 
finally  it  is  absorbed  by  the  milk  of  lime  in  the  third  tank.  This 
operation  is  easily  regulated  by  adjusting  the  supply  of  sulphur- 
dioxide  gas  and  the  vacuum  in  the  tanks.  Under  such  a  process  the 
lowest  tank  has  the  strongest  liquor.  When  it  has  reached  a  specific 
gravity  of  about  1.0367  (5^  Baum6,  7.14^  Twaddell)  it  is  drawn  off 
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complaint  has  been  made  by  the  residents  of  this  village  because  of 
the  undesirable  appearance  and  alleged  unhealthf  ulness  of  the  stream. 
Undoubtedly  there  is  considerable  damage  done  to  the  water  supply  of 
Keeseville,  but  under  the  present  conditions  there  is  no  doubt  that  the 
pulp-mill  waste  is  a  benefit  to  the  town.  While  complaining  against 
the  Rogers  pulp  mill  the  village  has  neglected  to  keep  its  own  skirts 
clean;  at  several  points  above  the  intake  of  the  waterworks  there 
are  private  sewers  of  the  most  dangerous  sort  entering  the  river,  and 
the  conditions  favoring  an  extensive  typhoid  epidemic  are  ideal. 
There  has,  however,  been  little  typhoid  fever  in  Keeseville,  because 
the  appearance  and  odor  of  the  water  are  so  bad  that  none  of  the 
citizens  use  it  for  drinking  purposes.  If  it  had  retained  its  orig- 
inal appearance — that  is,  if  the  sulphite-mill  waste  had  been  kept  out 
of  the  stream — the  water  would  have  been  used  bj^  the  majority  of 
the  inhabitants,  with  the  fatal  results  which  have  been  witnessed  in  so 
many  other  American  municipalities.  Therefore  the  condition  of  Au- 
sable  River  as  a  result  of  pulp-mill  waste,  bad  as  it  undoubted^  is,  is 
an  important  measure  of  safet}'^  for  the  people  of  Keeseville,  and 
before  that  community  can  with  any  propriety  take  up  cudgels 
against  the  pulp  mill  it  will  be  necessary  for  them  to  place  their 
own  surroundings  above  suspicion. 

Two  miles  below  Ausable  Forks  a  partial  analysis  was  made  of 
Ausable  River  water.  It  contained  185.8  parts  per  million  of  total 
solids,  of  which  119  parts  were  organic  and  volatile  matter.  Strange 
to  say,  the  amount  of  calcium  was  only  13.54  parts,  somewhat  less  than 
that  in  the  Lake  Champlain  water.  The  river,  too,  had  neuti'alized 
the  acid  contributed  to  it  by  the  sulphite  waste.  The  alkalinity  in 
terms  of  calcium  carbonate  amounted  to  27  parts  per  million,  consid- 
erably less  than  that  of  the  water  of  Lake  Champlain,  and  the  same 
as  the  alkalinity  of  the  water  of  West  Branch  above  all  points  of 
pollution.  It  is  evident,  then,  that  although  the  principal  chemical 
turned  into  the  stream  from  the  sulphite  mill  is  calcium  sulphite,  this 
determination  can  not  be  resorted  to  in  tracing  the  waste  into  Lake 
Champlain;  for,  as  was  shown  above,  2  miles  below  the  point  of 
entrance  of  the  waste  the  amount  of  calcium  is  less  than  that  in  the 
lake.  Hence  it  is  apparent  that  the  specific  determinations  which 
will  most  readily  distinguish  the  water  of  the  river  from  that  of  the 
lake  are  those  which  will  reveal  the  increase  in  organic  matter.  The 
excess  of  alkalinity  of  the  water  of  the  lake  over  that  of  the  river  also 
promises  to  furnish  valuable  evidence.  These  two  determinations 
were  therefore  selected  as  specific,  and  results  show  that  the  selec- 
tion was  justified. 

Analysis  shows  that  there  is  no  doubt  whatever  concerning  the 
damaging  effect  of  the  waste  upon  the  river.  Whether  or  not  this 
extends  into  the  lake  remains  to  be  seen. 
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BFFBCT  OF  BULPHITB-PULP  WAfiTES  ON  LAKE  CHAMPLAIN. 

Ausable  River  discharges  into  Lake  Champlain  over  an  elevated 
bench  which,  even  at  high  water,  is  only  a  few  feet  below  the  surface. 
Examination  of  this  bottom  and  of  the  shores  for  several  miles  north 
and  south  of  the  two  mouths  of  the  river  shows  an  enormous  accurau 
lation  of  wood  pulp,  together  with  a  greater  ac<'umulation  of  sawdust, 
which  is  turned  into  the  stream  from  the  man}'  sawmills  in  the  valley' 
(PL  IX,  A).  The  shallow  water  lying  over  the  bench  carries  large 
amounts  of  pulp  in  suspension,  and  is  exceedingly  malodorous  by 
reason  of  its  large  content  of  putrescible  organic  matter. 

Methods  of  hivestlgathm. — ^The  investigation  was  planned  along  lines 
somewhat  similar  to  those  followed  for  Bouquet  River.  Samples  were 
taken  in  the  upper  and  lower  mouths  of  the  river,  and  from  these  at 
intervals  along  divergent  lines  running  north,  south,  and  east.  The 
various  modifying  features  which  prevailed  in  the  case  of  the  Bouquet 
investigations  apply  here,  especially  the  effect  of  the  winds  blowing  at 
the  time  of  sampling.  If  the  specific  determinations  decided  upon  in 
this  investigation  are  well  chosen,  we  may  expect  to  find  that  the  per- 
centage of  volatile  solids  in  the  water  of  the  lake  will  decrease  in  the 
progressive  samples  ,  from  the  central  points,  while,  on  the  other 
hand,  the  alkalinity  of  the  water  (which  is  greatly  reduced  by  reason 
of  the  pouring  of  the  acid  water  into  the  river)  may  be  expected  to 
increase  as  the  unpolluted  waters  of  the  lake  are  approached.  This 
will  be  brought  out  in  detail  in  the  following  discussion  of  the  various 
sample  series. 

Sample  series  of  August  23, — ^The  samples  in  this  series  were  dis- 
tributed along  four  lines,  two  running  from  a  center  situated  at  the 
north  mouth  of  the  Ausable  and  two  from  a  center  similarly  situated 
at  the  south  mouth  (fig.  1,  p.  54).  Line  D,  from  the  north  center,  runs 
almost  due  east  for  about  1,500  feet,  and  then  turns  northward  with 
a  divergence  of  about  15^  east.  Sample  No.  1  was  taken  at  the 
bend  in  line  D,  while  samples  Nos.  2,  3,  and  4  were  taken  at  1,500, 
6,000,and  11,W0  feet,  respectively,  along  the  D  linefromNo.  1.  LineC 
was  nm  east  by  about  10^  south,  and  samples  Nos.  1,  2,  and  3  were  taken 
at  1,000,  2,500,  and  4,500  feet,  respectively,  from  the  center.  Line  B 
was  run  from  the  south  center  east  by  about  5  '  south,  and  samples 
were  taken  at  approximately  the  same  intervals  as  along  line  C.  Line 
A  was  run  from  the  south  center  direct  toward  Trembleau  Point,  and 
thence  to  the  north  end  of  Schuyler  Island  and  around  to  the  south 
end.  Samples  were  taken  along  this  line  as  follows:  No.  1,  1,000 
feet  from  center;  No.  2,  2,500  feet;  No.  3,  5,000  feet;  No.  4,  8,500 
feet;  No.  5,  13,000  feet;  No.  6, 17,000  feet;  No.  7,  20,000  feet;  No.  8, 
23,(XX)  feet;  No.  9,  28,000  feet.  Lines  A  and  D  were  run  so  much 
farther  from  the  center  on  account  of  the  currents  in  the  lake, 
described  on  page  18.     The  prevailing  winds  for  a  considerable  period 
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previouii  to  the  day  of  sampling  had  been  either  north  or  south;  in  fact, 
during  the  twenty-four  hours  previous  to  the  sampling  the  wind  had 
been  blowing  f rom.the  north  at  an  average  rate  for  the  entire  period 
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Fig.  1.— Ausable  sample  scries  of  August  23, 1901. 

of  11  miles  an  hour,  reaching  a  maximum  of  21  miles  an  hour.  At 
the  time  of  sampling,  however,  this  wind  had  died  away  and  the  lake 
was  flat. 
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Table  XII  sets  forth  the  results  of  the  determinations  made  upon 
the  samples.  For  purposes  of  comparison  the  standards  set  forth  in 
Table  III  will  be  restated,  as  follows:  Total  solids,  65.6;  volatile  solids, 
21.8;  per  cent  volatile,  32.8;  alkalinity,  47.  It  is  readily  apparent  that 
a  comparison  between  the  actual  amount  of  total  solids  in  each  of  the 
samples,  as  well  as  the  actual  amount  of  volatile  solids,  does  not  give 
as  comprehensive  information  as  the  statement  of  the  per  cent  of 
volatile  solids.  This,  then,  is  the  determining  factor  so  far  as  solids 
are  concerned. 

Tablb  XII. — AuscMe  sample  series  of  August  jR5,  1904* 

[Parts  per  million.] 
D  UNB. 


• 

Bampling  point. 

Total 
solids. 

VolatUe 

BOlldfl. 

Per  cent 
volatile. 

Alkalin- 
ity. 

North  center 

102.0 
80.  S 
66.2 
69.0 
65.0 

64.2 
39.0 
24.8 
33.2 
32.0 

62.7 

48.3 

37.46 

48.12 

49.25 

14.5 

D-1  

37.0 

D-2 

44.0 

D-3 

44.0 

D-4 

44.0 

C  LINE. 

North  center 

C-1 

C-2 

C-3 

B  LIN£. 

South  center 

B-1 

B-2 

H-3 

A  LINE. 

Sooth  center 

A-1 

A-2 

A-;^ 

h-A 

A-5 

A-6 

A-7. 

A-8 : 


102.0 

64.2 

62.7 

71.8 

34.2 

47.35 

65.4 

28.6 

43.73 

68.0 

32.6 

47.94 

77.8 

43.0 

55.27 

76.0 

40.0 

52.63 

64.8 

29.2 

45.06 

64.0 

28.2 

44.06 

77.8 

43.0 

55. 27 

78.0 

42.6 

54.61 

64.4 

28.4 

44.09 

66.0 

26.8 

40.61 

67.4 

32.0 

47.48 

66.6 

29.6 

44.44 

63.8 

29.8 

46.71 

64.8 

26.8 

41.36 

64.0 

29.4 

45.94 

14.5 
4Q.0 
44.0 
44.0 


14.0 
31.0 
44.0 
44.0 


14.0 
20.0 
44.0 
35.0 
38.0 
43.0 
43.5 
44.5 
44.5 
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Table  XII. — Ausable  sample  series  of  August  2Sj  1904 — Continued. 

NORTH  SHORE. 


Sampling  point. 

Total 
Holids. 

Volatile 
solids. 

Per  cent 
volatile. 

.\lkalin- 
ity. 

North  center 

102.0 
97.6 
85.6 
82.0 
72.6 

64.2 
49.8 
43.4 
40.0 
-   37.6 

62.7 

51.03 

51.17 

48.77 

51.79 

14. 5 

1 

28.0 

2 

:^.o 

3 

39.5 

4 

41.5 

MID  SHORE. 

* 

North  center 

102.0 
79.6 
70.4 
86.0 
77.0 
77.8 

64.2 
45.6 
32.4 
47.0 
43.4 
43.0 

62.7 

57.28 

44.44 

55.29 

56.22 

55.27 

14.5 

1 

20.5 

2 

34,0 

3 

20.5 

4 

19.0 

South  center 

14.0 

SOUTH  SHORE 

• 

South  center 

77.8 
71.6 
77.4 
70.0 
66.6 

43.0 
.     38.6 
37.8 
33.8 
29.6 

55. 27 
53.91 
48.84 
48.29 
44.4 

14.0 

1 

15.0 

2 

27.0 

3 

36.5 

4 

47.0 

Considering  now  the  D  line,  it  will  be  seen  that  although  the  out- 
ermost sample  was  more  than  2  miles  distant  from  the  river's  mouth, 
the  sampling  was  not  carried  sufficiently  far  to  reach  the  point  of  nor- 
mal lake  water,  the  farthermost  sample  taken  containing  49.25  per 
cent  of  volatile  solids  and  44  parts  per  million  of  alkalinity.  The  same 
is  true  of  lines  B  and  C.  It  is  evident  from  this  that  the  influence  of 
the  wastes  from  Ausable  River  extends  out  into  the  lake  for  a  greater 
distance  than  4,500  feet.  The  samples  taken  along  the  shore  are 
also  in  excess  of  the  normal  per  cent  of  volatile  solids.  In  the  farther- 
most sample  of  the  south  shore  the  alkalinity  is  normal.  The  most 
remarkable  line  of  samples  in  the  series  is  the  A  line,  in  which  it  is 
shown  that  the  southward  current  along  the  west  shore  of  the  lake 
carries  the  high  amount  of  solids  down  beyond  the  south  end  of  Schuy- 
ler Island,  a  distance  of  5^  miles,  while  at  that  point  the  alkalinity  has 
not  yet  been  raised  to  the  normal. 

Sample  series  of  Septeinher  ^. — This  series  of  samples  was  taken 
under  conditions  and  at  points  similar  to  those  in  the  series  of  August 
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23  (fig.  2).  The  D  line,  running  from  the  north  center,  was  split  at 
buoy  6  eajit  of  Ausable  Point,  one  leg  runaing  north  and  another 
east.  The  C  and  B  lineu  were  the  same  as  in  the  previous  series,  while 
the  A  line  w&8  the  same  in  direction  but  marked  one  letut  sample  on 
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the  stretch  between  the  south  center  and  Trembleau  Point.  The  wind 
during  the  twenty-four  huury  previous  to  the  time  of  .sampling  had  been 
blowing  lightly  from  the  north,  and  can  hardly  be  consiidered  an 
important  factor  in  connection  with  the  results. 
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Table  XIII. — Ausahle  sample  series  of  September  2,  1904. 

[Parts  per  million.] 
D  LINE. 


Sampling  point. 


North  center 

IV-l 

B-2 

D-3 

]>-4 

D-6 

D-6 


Total 
solids. 


162.2 
64.8 
66.2 
64.8 
70.0 
64.8 
66.8 


Volatile 
solids. 


103.2 
30.0 
32.2 
34.0 
3L6 
30.2 
28.6 


Per  cent 
volatile. 


Alkalin- 
ity. 


C  LINE. 


63.6 
46.1 
49.4 
52.5 
46.1 
46.6 
42.8 


29.5 
43.0 
43.5 
43.0 
44.0 
43.0 
43.0 


North  center 

C-1 

C'2 

C-3 


162.2 

103.2 

63.6 

68.6 

34.0 

49.6 

67.4 

30.2 

44.8 

68.4 

30.6 

44.7 

B  LINE. 


Sjuth  center 

B-1 

B-2 

lJ-3 


163.0 

106.0 

65.0 

69.0 

29.4 

42.0 

68.0 

26.8 

39.4 

62.0 

26.6 

42.9 

A  LINE. 


South  center 

A-1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 


163.0 

106.0 

65.0 

66.0 

24.4 

37.0 

68.0 

28.6 

42.1 

71.4 

29.8 

41.7 

73.8 

30.4 

41.2 

79.6 

34.0 

41.7 

66.6 

28.0 

42.0 

68.6 

30.0 

43,7 

NORTH  SHORE. 


North  center 


2 
3 
4 


1 

162.2 

103.2 

63.6 

107.2 

59.4 

55.4 

68.6 

29.4 

42.8 

87.4 

45.4 

51.9 

97.6 

53.2 

54.6 

29.5 
42.0 
43.0 
44.5 


29.0 
43.5 
44.0 
44.0 


29.0 
43.5 
44.0 
44.0 
44.0 
44.0 
44.5 
45.0 


29.5 
36.0 
42.0 
40.0 
36.0 
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Table  XllL—Ausable  sample  series  of  September  fS,  l^-^—Contimied. 

MID  SHORE. 


Sampling  point. 


North  center 

1 

2 

South  center 


Total 
solids. 


162.2 
109.2 
120.6 
163.0 


VolatUe 
solids. 


103.2 
61.2 
73.6 

106.0 


Per  cent 
volatile. 


63.6 
56.0 
61.3 
65.0 


Alkalin- 
ity. 


29.5 
34.0 
32.5 
29.0 


SOUTH  SHORE. 


South  center 

163.0 
92.2 
69.6 
67.4 
66.6 

106.0 
50.0 
32.2 
32.0 
31.0 

65.0 
54.2 
46.3 
47.5 
46.5 

29.0 

1 

40.0 

2 

42.0 

3 

43.0 

4 

43.0 

It  will  be  seen,  on  examination  of  the  above  series,  that  the  total 
solids  in  the  water  at  the  north  and  south  centers  are  extremely  large 
in  amount  and  that  from  63  to  66  per  cent  are  volatile.  The  extremely 
low  alkalinity  is  also  an  important  factor.  Considering  first  the  shore 
samples,  it  will  be  noted  that  as  far  as  they  extend  there  are  unmis- 
takable evidences  of  pollution  from  Ausable  River.  The  shore  samples 
taken  farthest  from  the  two  centers  give  marked  evidence  of  contami- 
nation, and  return  to  normal  conditions  may  not  be  expected  for  a  con- 
siderable distance  farther  than  the  outermost  sampling  points.  The 
course  taken  by  D  line  of  samples,  shown  in  fig.  2,  is  well  directed 
to  illustrate  the  divergence  in  the  directions  along  which  foreign  mat- 
ter discharged  upon  the  shores  of  the  lake  may  be  felt.  Sample  2,  on 
line  D,  taken  at  the  buoy,  shows  a  percentage  of  volatile  solids  of  49.4 
and  an  alkalinity  of  43.5.  At  point  3  there  is  a  slight  rise  in  the  per- 
centage of  volatile  solids  and  a  slight  reduction  in  alkalinit}^  while  at 
point  4  there  is  an  unmistakable  trend  toward  the  normal  character- 
istics of  the  lake  water.  How  far  it  would  be  necessary  to  pursue  thin 
line  in  order  to  reach  the  normal  lake  is  uncertain.  Samples  5  and  0, 
on  D  line,  extending  east  from  point  2  toward  the  broad  lake,  show  a 
greater  reduction  in  percentage  of  volatile  solids  in  the  same  distance 
from  the  center  than  does  the  line  running  to  the  north. 

The  results  along  the  B  and  C  lines  are  similar  to  those  in  the  pre- 
vious series.  They  show  simply  that  at  a  distance  of  nearly  a  mile 
directly  into  the  lake  from  the  two  mouths  of  the  river  there  is  still  a 
marked  effect  upon  the  water  and  that  the  normal  characteristics  are 
not  yet  recovered. 
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The  A  line  oflfers  further  evidence  with  reference  to  the  pollution 
from  Ausable  River.  It  will  be  seen,  on  examination  of  the  figures, 
that  there  is  some  irregularity  in  the  results  of  the  determination  of 
total  and  volatile  solids  and  that  the  reduction  in  the  percentage  of 
volatile  solids  is  not  so  steady  as  might  be  expected.  In  fact,  it  is 
greater  5  miles  away  from  the  south  center  than  at  a  distance  of  1,000 
feet  from  it.  This  is  an  anomalous  result,  due  undoubtedly  to  the 
effects  of  the  wind  or  local  currents  which  had  carried  the  organic 
matter  along  an  irregular  course  on  the  day  previous  to  that  of  taking 
this  series  of  samples.  The  amount  of  alkalinit}',  however,  shows 
a  steady  increase  from  the  mouth  of  the  river  to  the-  end  of  the  A 
line,  and  gives  in  this  case  the  most  important  testimony  concerning 
the  effect  of  the  sulphite  waste. 

In  the  two  Ausable  sample  series,  reviewed  in  previous  pages,  no 
attempt  was  made  to  trace  out  the  limit  of  influence  of  the  water  of 
Ausable  River  upon  the  lake.  This  was  not  done  because  it  was 
believed  that  if  it  were  shown  that  the  limit  of  influence  is  less  than 
a  mile  the  studies  subsequently  to  be  made  would  determine  this 
limit  with  preciseness,  while  on  the  other  hand  if  the  matter  from  the 
river  could  be  traced  for  a  greater  distance  it  was  held  that  the  exact 
limit  was  not  important,  inasmuch  as  the  effect  upon  the  lake  would  be 
sufficiently  widespread  and  sufficiently  serious  to  render  further  inves- 
tigation unnecessary.  The  first  two  series  did  show,  however,  that 
although  the  samples  along  the  B  and  C  lines  did  not  at  the  outer  points 
represent  the  normal  lake  water,  they  approached  sufficiently  near  it 
to  show  that  such  a  condition  might  be  attained  within  a  reasonable 
distance.  Along  the  A  line,  however,  it  has  been  shown  that  the 
effect  of  the  waste  persists  for  extraordinary  distances.  The  southern 
trend  of  the  current  in  the  lake  along  both  shores  has  already  been 
remarked,  and  the  determination  of  the  extreme  limit  of  the  effect  of 
the  sulphite  waste,  which  in  this  case  is  plainly  due  to  the  southerly- 
current,  is  important. 

Saiiiple  Heries  of  Septemhefi^  17 , — A  series  of  samples  covering  the 
points  shown  in  fig.  3  was  determined  on  and  the  samples  were  taken 
September  17.  As  will  be  seen,  the  central  point  for  this  series  is 
taken  at  a  distance  of  about  one-fourth  of  a  mile  from  the  west  shore, 
at  a  point  about  midway  between  the  two  mouths  of  the  river.  From 
this  center  the  A  line  extends  over  practically  the  same  course  covered 
in  the  two  previous  series,  but  is  carried  on  from  the  south  end  of 
Schuyler  Island  down  into  Willsboro  Bay,  to  a  point  opposite  Frisbies 
Point.  The  B  line  extends  from  the  center  toward  Colchester  Shoal, 
a  distance  of  about  1^  miles  into  the  broad  lake. 

Considering  first  the  results  of  determinations  of  the  samples  taken 
along  the  A  line,  it  will  be  seen  that  they  are  somewhat  irregular  and 
apparently  do  not  follow  the  logical  trend  taken  by  the  samples  along 


LEKiHTON.] 


SULPHITE-PULP    POLLUTION. 


61 


this  line  in  the  two  previous  series.  Sample  10,  for  example,  has  an 
alkalinity  which  is  pmctically  normal  and  presents  only  a  small  amount 
of  volatile  solids  in  excess  of  the 
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observed  normal  amount  for  the 
lake;  sample  9,  taken  well  up 
toward  the  mouth  of  the  bay,  con- 
tains practically  the  same  amount 
of  alkalinity,  but  a  considerably 
larger  proportion  of  volatile  solids, 
while  sample  8,  opposite  the  end 
of  Willsboro  Point,  appears  to 
differ  from  the  normal  lake  water 
only  in  the  high  proportion  of 
volatile  solids.  This  may  also  be 
said  of  sample  7,  which  was  taken 
at  a  distance  of  nearly  1  mile  from 
the  New  York  shore,  well  out  into 
the  lake  and  nearly  north  of  Wills- 
boro  Point,  where  a  thorough 
admixture  of  the  waters  of  the 
})road  lake  with  any  local  drainage 
might  l>e  expected.  Sample  6, 
taken  south  of  Schuyler  Island  in 
the  broad  reaches  of  Corlear  Bay, 
shows  results  which  are  nearly 
normal,  while  sample  5,  taken  on 
the  southern  shore  of  Schuyler 
Inland,  again  indicates  consider- 
able organic  pollution.  Sample  4, 
taken  from  the  north  side,  how- 
ever, indicates  a  nearly  normal 
water,  while  sample  3,  from  Trem- 
bleau  Point,  is  again  indicative  of 
the  sulphite  waste  from  Ausable 
River.  Samples  1  and  2  contain 
the  usual  amount  of  pollution. 
Sample  2  is  lower  in  its  propor- 
tion of  volatile  solids  than  in 
the  previous  series  of  samples. 
The  B  line,  which  extends  into 
the  lake  a  distance  of  about  l^miles,  along  which  were  taken  five 
samples,  affords  results  of  interest 
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It  will  be  seen  from  these  results  that  the  total  amount  of  organic 
matter  in  the  water  was  slightly  greater  in  September  than  in  July, 
and  in  interpreting  the  results  of  the  determinations  in  connection  with 
the  Ausable  River  pollution  this  should  be  taken  into  account. 

The  determination  of  alkalinity  is  absolute,  however,  and  taken  in 
connection  with  the  a-mount  of  organic  matter  as  determined  by  the 
percentage  of  volatile  solids,  is  unmistakable.  The  proper  course 
will  therefore  be  to  give  little  value  to  the  results  of  the  volatile-solids 
determination,  which  appear  high,  but  which  are  not  accompanied  by 
a  low  alkalinit}^  insisting  upon  the  agreement  of  the  two  determina- 
tions. Following  out  this  plan,  the  results  of  the  various  investigations 
with  reference  to  Ausable  River  are,  briefly,  as  follows: 

The  effect  of  sulphite  waste  from  Ausable  River  in  Lake  Champlain 
is  apparent  north  of  the  river's  mouth  for  a  distance  greater  than  2^ 
miles,  i>he  distance  apparently  varying  according  to  the  prevailing 
winds.  East  from  the  river's  mouth  into  the  broad  lake  the  effects 
are  generally  appreciable  fpr  about  1  mile  from  the  shore,  while  south 
from  the  river  the  water  is  certainly  affected  at  times  as  far  south  ss 
Willsboro  Ba}^  but  usually  not  farther  south  than  Trembleau  Point. 
The  line  at  which  the  effect  of  the  river  becomes  inappreciable  in  the 
lake  was  not  determined,  for  such  an  investigation  would  require  a 
large  amount  of  time,  covering  several  seasons  at  least.  From  all  the 
indications  afforded  by  the  series  of  samples  taken,  the  line  at  which 
the  water  of  the  river  merges  completely  into  that  of  the  lake  is  exceed- 
ingly irregular,  varying  according  to  prevailing  winds.  It  certainly 
extends  considerably  farther  along  the  shore,  both  north  and  south, 
than  it  does  eastward  into  the  broad  lake. 

Having  determined  that  sulphite  waste  is  appreciable  for  consider- 
able distances  into  the  lake,  it  becomes  necessary  to* consider  what  effect 
this  waste  may  have.  As  above  stated,  the  waste  is  composed  largely 
of  organic  matter,  and  the  effects  which  it  would  have  must  be  inter- 
preted according  to  organic  standards.  Primarily  the  character  of  the 
organic  matter  is  not  harmful  to  health.  It  contains  no  organisms  of 
specific  disease,  and  therefore  can  not  be  regarded  initially  as  a  menace 
to  the  public  health.  Undoubtedly,  however,  this  organic  matt-er 
forms  a  nidus  for  the  development  of  bacteria  in  large  numbers. 
Although  there  was  no  opportunity  to  make  experiments  with  refer- 
ence to  the  persistence  of  intestinal  bacteria,  it  is  probable,  judging 
from  analogous  experiments  made  elsewhere,  that  such  germs  would 
thrive  better  in  water  containing  this  organic  matter  thah  in  the  nor- 
mal water  of  the  river  and  lake.  So  far  as  a  specific  disease  is  con- 
cerned, this  waste  does  not  do  as  much  initial  damage  to  Ausable  River 
as  the  sewage  which  issues  from  several  private  sewers  in  the  village 
of  Keeseville.     Nevertheless,  this  does  not  by  any  means  relieve  the 
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pulp  company  from  responsibilit}'.  The  measure  of  damage  to  the  lake 
by  this  waste  is  difficult  to  deteimine.  The  damage  to  the  stream,  as 
has  been  stated  on  previous  pages,  is  unquestioned. 

There  is  a  certain  amount  of  damage  done  to  the  lake,  this  amount 
varying  according  to  local  conditions.  The  increased  organic  mat- 
ter shown  in  the  above  tables  is  probably  responsible  for  an  increased 
number  of  bacteria,  and  there  is  little  doubt  that  the  specific  germs 
of  disease  would  persist  longer  in  this  water  than  in  that  in  other 
parts  of  the  lake.  While  it  is  undoubtedly  true  that  the  water  of  the 
lake  is  not  so  good  along  the  western  shore,  in  the  area  covered  by  the 
investigations,  as  in  the  broad  lake,  the  damage  is  not  definite,  and  it 
would  be  impossible  to  state  its  actual  extent. 

In  connection  with  the  question  of  algas,  it  has  been  asserted  that 
this  waste  is  the  cause  of  a  more  profuse  growth  than  would  nor- 
mally occur  along  the  shores.  Certain  algae  thrive  in  water  containing 
a  high  proportion  of  organic  matter,  and  the  natural  inference  would 
be  that  they  would  be  more  abundant  in  the  region  under  the  influence 
of  Ausable  pollution  than  they  would  if  no  polluted  matter  were  pres- 
ent. Such  abnormal  abundance  is  not  discernible,  however.  There  is 
no  greater  amount  or  greater  variety  of  algae  in  the  lake  around  the 
mouth  of  this  river,  nor  indeed  in  any  part  of  the  lake,  than  might  be 
expected  in  an  unpolluted  body  of  water. 

The  pollution  from  Ausable  River  discharged  into  Lake  Champlain 
is  by  no  means  cumulative.  The  conditions  as  they  were  found  in 
the  series  of  examinations  are  without  doubt  as  bad  as  they  ever  have 
been  or  ever  will  be.  In  other  words,  the  organic  matter  turned  into 
the  lake  from  the  river  is  unstable.  It  changes  from  the  complex 
substance  to  the  simple  inorganic  form  and  passes  out  through  the 
lake  outlet,  diluted  so  largely  with  the  tremendous  volume  of  purer 
water  as  to  be  unrecognizable. 

The  waste  pulp,  an  inert  cellulose,  can  of  itself  exert  no  harmful 
effects.  It  piles  up  along  the  shores,  makes  them  unsightly,  and  under- 
goes little  change.  Therefore,  while  the  effect  of  the  pulp  waste  upon 
the  lake  is  pronounced  and  unmistakable,  its  area  of  influence  is 
comparatively  small  and  whatever  damage  may  be  done  does  not 
extend  to  the  entire  lake.  The  damage  is  therefore  more  a  private 
than  a  public  one  at  the  present  time,  and  has  caused  no  apparently 
serious  results  be3'ond  a  limited  area. 
IRR  121—05 6 
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BURLINGTON  AND  WIN008KI  RIVER. 

SEWAGE  POLLUTION. 

SOURCES  OP  SEWAGE   AND  PLACES  OF   DISCHARGE. 

Burlington,  Vt.,  has,  according  to  the  Twelfth  Census,  a  population 
of  18,640.  It  is  situated  on  the  east  side  of  Lake  Champlain,  in  the 
center  of  a  broad  bay,  shown  in  fig.  4  (p.  77).  The  water  supply  of  the 
city  is  pumped  from  the  lake — the  intake  being  situated  northwest  of 
the  city  at  Appletree  Shoal — through  a  suction  pipe  extending  along 
the  bottom  of  the  lake  to  the  pumping  station  on  the  lake  front,  nearly 
opposite  the  north  end  of  the  harbor  breakwater.  The  sewage  of  the 
city  is  carried  by  a  trunk  sewer  to  the  water  front  and  emptied  into 
the  lake  at  the  shore  nearly  due  east  of  the  south  end  of  the  break- 
water (PL  X,  A).  The  outlet  is  marked  by  the  opening  in  the  timber 
pier  shown  in  PI.  X,  B.  All  sewage  except  a  small,  insignificant 
quantity  is  discharged  through  this  outlet. 

Into  the  small  bay  defined  by  Lone  Rock  Point  and  Appletree  Point 
are  discharged  the  wastes  of  an  extensive  rendering  establishment. 

About  2  miles  north  of  Appletree  Point,  Winooski  River  empties 
into  the  lake  (fig.  7,  p.  87).  This  river  drains  995  square  miles  in  the 
State  of  Vermont,  most  of  it  farming  or  mountain  land.  Near  the 
upper  end  of  the  river  is  situated  the  city  of  Montpelier,  and  near  the 
mouth  are  Fort  Ethan  Allen,  an  extensive  United  States  Army  post, 
and  the  village  of  Winooski,  containing  3,783  inhabitants.  From  both 
the  army  post  and  Winooski  village  are  discharged  large  quantities 
of  sewage. 

The  geographic  relations  of  the  various  points  above  mentioned  to 
the  configuration  of  the  shore  are  important,  as  they  are  such  as  to 
protect  large  areas  of  water  and  render  them  comparatively  stagnant; 
that  is,  they  are  so  situated  that  circulation  must  be  considerably  less 
than  that  in  the  broad  lake.  A  few  miles  south  of  Burlington,  Shel- 
burne  Bay,  a  large  body  of  water  from  70  to  100  feet  in  depth,  makes 
into  the  mainland.  Shut  in  from  the  rest  of  the  lake  except  at  the 
comparatively  narrow  outlet  between  Shelburne  and  Red  Rock  points, 
this  bay  is  comparatively  stagnant.  A  slight  current  from  the  north 
seems  to  flow  along  the  shore  above  R<?d  Rock  and  circulate  in  the  bay. 
This  is  quite  pronounced  when  a  strong  north  or  northwest  wind  is 
blowing.  This  bay  is  therefore  considerably  polluted  by  the  sewage 
of  Burlington,  and  on  account  of  the  lack  of  dilution  the  water  reveals 
a  somewhat  higher  amount  of  organic  matter  than  has  been  noted  in 
the  water  of  the  broad  lake.  Burlington  is  protected  by  a  long,  arti- 
ficial breakwater  around  which  the  current  swirls,  the  direction  depend- 
ing largely  upon  the  direction  of  the  prevailing  winds.  It  has  been 
noted  by  various  observers  that  when  the  wind  blows  from  the  south 
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the  current  seems  to  be  deflected  from  the  lake  into  the  south  end  of 
Burlington  Bay,  thence  northward  inside  the  breakwater.  Similarly 
during  a  northerly  wind  the  subcurrent  runs  south  behind  the 
breakwater.  Just  north  of  Burlington  there  is  a  small  area  of  com- 
paratively dead  water  eastward  from  Lone  Bock  Point.  Between 
Lone  Kock  Point  and  Appletree  Point  there  is  another  bay  well  pro- 
tected except  from  southerly  winds.  This  is  the  bay  into  which  the 
offal  from  the  rendering  establishmcDt  is  turned,  and  at  the  mouth  of 
which,  on  Appletree  Shoal,  the  water  intake  of  the  city  has  been 
placed.  North  of  this,  Winooski  River  makes  out  into  the  lake  at  a 
southerly  angle,  the  current  deflecting  southward  even  when  the  lake 
surface  is  quiet.  Now,  as  has  been  stated  on  previous  pages,  the 
normal  current  of  the  lake  at  the  shora  is  southward.  The  water  of 
Winooski  River  when  discolored  by  floods  is  readily  traceable  south- 
ward into  the  lake,  the  track  having  been  observed  as  far  south  as 
Juniper  Island  when  strong  northerly  winds  were  prevalent. 

EFFECT  ON  LAKE  GHAMPLAIN. 

The  conditions  above  recited  seem  to  be  well  adapted  for  confining 
the  impurities  coming  from  the  Burlington  sewers  and  from  Winooski 
River  in  that  immediate  region,  the  trend  of  the  impurities  varying 
with  the  immediate  local  conditions.  Normally,  without  winds,  the 
sewage  from  Burlington  takes  a  southerly  turn  along  the  shore  of  the 
lake  and  swings  outward,  taking  a  northerly  course  by  Appletree 
Point,  or  a  little  farther  to  the  west.  The  water  of  Winooski  River 
apparently  flows  south  and  then  swirls  into  the  broad  lake  in  the  same 
manner;  thus  the  impurities  are  concentrated  first  at  one  place  and 
then  at  another,  the  ultimate  mixture  giving  to  the  water  in  the  region 
of  Burlington  and  for  several  miles  north,  south,  and  west  a  character 
which  by  no  means  warrants  its  consumption  for  domestic  purposes 
in  the  raw  state.  The  impurities  issuing  from  Burlington  and  the 
Winooski  are  almost  entirely  of  a  sewage  nature,  there  being  very 
few  industries  the  waste  from  which  complicates  the  pollution  problem 
in  an  important  degree.  The  specific  tests  by  which  this  pollution 
can  be  traced  are  the  familiar  ones  commonly  used  in  sewage-pollution 
cases.  There  should  be  under  normal  conditions  a  general  increase  in 
the  amount  of  chlorides  in  the  water,  a  slight  rise  of  the  amount  of 
organic  matter,  but  tnost  of  all  a  surplus  of  intestinal  bacteria,  of 
which  the  Bacillus  coli  communis  is  the  most  familiar.  Before  taking 
up  the  consideration  of  the  specific  tests  which  were  made  in  connec- 
tion with  this  problem,  it  will  be  instructive  to  review  briefly  the  his- 
tory of  the  Burlington  water  supply  and  show  the  effect  which  the 
discharge  of  sewage  has  had  upon  it. 
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EARLIER  INVESTIGATIONS. 

The  facts  recited  below  with  reference  to  the  earlier  history  of  the 
Burlington  water  supply  are  condensed  from  a  paper  written  by  Prof. 
William  T.  Sedgwick,  of  the  Massachusetts  Institute  of  Technology, 
entitled  '*The  Sanitary  Conditions,  Past  and  Present,  of  the  Water 
Supply  of  Burlington,  Vt.,"  which  was  read  before  the  New  England 
Water  Works  Association,  and  printed  in  the  journal  of  that  associa- 
tion, vol.  10,  pages  167  to  183,  inclusive: 

"The  Burlington  waterworks  were  constructed  in  1867  after  consid- 
erable discussion  and  investigation  concerning  proposed  sources.  Lake 
Champlain  was  finally  selected  and  an  intake  pipe  was  established  at 
the  northern  extremity  of  the  Burlington  docks.  At  first  the  water 
gave  satisfaction,  but  from  1871  on  there  developed  considerable 
uneasiness  concerning  the  dangers  arising  from  the  proximity  of  the 
water  intake  and  the  trunk  sewer  outlet.  The  statement  generally 
made  in  the  reports  was  that  while  little  or  no  specific  water-borne 
disease  had  occurred,  the  condition  was  a  constant  menace  and  might 
result  at  any  time  in  a  serious  epidemic.  Suggestions  were  repeatedly 
made  that  the  intake  pipe  should  be  extended  for  a  considerable  dis- 
tance into  the  broad  lake. 

"As  years  passed  intestinal  troubles,  usually  in  the  form  of  mild 
diarrheal  disturbances,  prevailed,  and  in  the  years  1882, 1884,  and  1889 
typhoid  became  epidemic.  Still,  when  compared  with  other  cities  with 
undoubtedly  pure  supplies,  the  typhoid  rate  in  Burlington  was  not 
excessive. 

"In  1888  the  subject  had  reached  such  importance  that  an  investi- 
gation relative  to  the  merits  of  various  available  supplies  was  begun. 
The  report  of  this  investigation  was  published  in  1889  in  the  twenty- 
fifth  annual  report  of  the  city  of  Burlington,  pages  95  to  113.  This 
report  contained  the  results  of  a  series  of  analyses  and  a  discussion  of 
the  same  by  Mr.  Joseph  L.  Hills,  chemist  of  the  Stjite  agricultural 
experiment  station.  In  this  discussion  Mr.  Hills  stated  as  follows: 
'The  station  chemists  have  not  been  able  to  detect  evidences  of  sew- 
age in  samples  from  Marks  Bay  or  the  pumping  station  (or  indeed  in 
a  series  of  samples  taken  about  100  yards  away  from  the  sewer  mouth 
in  the  endeavor  to  trace  the  direction  of  sewage  currents).  *  *  * 
One  of  the  most  interesting  points  *  *  *  is  that  the  water  from 
the  broad  lake  does  not  appear  purer  than  that  taken  inshore.  *  *  * 
It  does  not  appear  settled  that  the  extension  of  the  suction  pipe  will 
of  necessity  give  our  community  a  purer  water  supply.'" 

With  reference  to  the  results  of  this  investigation,  Mr.  F.  H. 
Crandall,  superintendent  of  the  waterworks,  stated  that  they  (the 
results)  "afford  a  subject  of  careful  thought  and  study,  as  well  as  a 
chance  for  interesting  comparisons." 


LEIGHTOH.] 


6EWAOS   POLLUTION. 


69 


Some  of  the  analytical  statements  with  reference  to  the  water  of  the 
lake  made  in  the  rej>ort  above  cited  are  reproduced  lielow  in  order  to 
show  the  condition  of  the  water  at  that  time  as  clearly  as  the  data 
given  admit  of  interpretation  and  for  purposes  of  comparison  with 
results  of  analyses  made  during  the  recent  investigations. 

Table  XV. — C9iemicttl  aruUyseB  of  the  water  supply ^  etc.y  of  BuHittgUm,  T7.,  premmsto 

May,  1889, 


Source  of  flample. 

Date. 

Analysis  by— 
Sabin 

6 

a 
U 

£ 

0.16 

.052 
.034 
.02 

Albuminoid 
ammonia. 

Total  solids. 

Volatile  sol- 
ids. 

Percent  vol- 
atile. 

• 

S 

Month  of  suction  pipe,  pump- 
ing station. 

Do 

Sept.,  1884 
do 

0.16 

.13 
.10 
.15 

36.0 

?2.0 
89.0 
71,0 
60.0 
88.5 
119.0 

M.O 
75.0 
78.0 
86.0 
79.0 

76.0 
70.0 

107.0 
56.0 
66.0 
80.0 

100.0 

116.0 
69.0 

61.0 

Wltthaus 

do 

2.1 

Do 

Mar.,  1885 
do 

1.1 

Do 

W.R.  Nichols.. 
Sceley 

14 
19 
34 

19.7 
21.7 
38.4 

.2 

Do 

do 

Do 

Jan.  8, 1889 
Sept.,  1884 

do 

Hills 

.03 
.06 

.026 
.016 
Trace. 
.02 
.146 

.34 

Trace. 
.48 
.08 
.0&4 
.08 
.04 

.08 

.18 
.114 

.11 
.08 
.08 
.19 
.17 

.08 
.08 
.10 
.10 
.05 
.16 
.072 

.13 

1.7 

Northwest  comer  breakwater, 

Sabin 

10  feet  deep. 
Do 

Witthaus 

do 

1.5 

Do 

Mar.,  1885 
do 

1.1 

Do 

W.  R.  Nichols.. 
Hills 

13 

2n 

17.8 
43.0 

2.0 

Foot  of  Bank  iitreet 

Jan.  8, 1889 
Sept.,  1884 

Mar.,  1885 
do 

1.4 

Northwefit  comer  breakwater. 

Witthaus 

do 

1.8 

26  feet  deep. 
Do 

1.0 

Do 

W.  R.Nichols.. 

Sabin 

Witthaus 

do 

15 

21.4 

1.8 

Marks  Bay,  58  feet  deep 

MarkA  Bay,  62  feet  deep 

Marks  Bay 

Sept.,  1884 

do 

Mar.,  1885 
Jan.  8, 1889 
Sept.,  1884 

do 

5.8 

.9 

Do 

Hills 

35 

43.7 

2.9 

Surface,  midway  sewer  mouth 

Sabin 

to  south  end  breakwater. 
Do 

Witthaus 

Seeley 

9.7 

3,000  feet  west  of  pumping  sta- 
tion. 

Rock  Point 

Mar.,  1885 
do 

17 
17 

24.  C 
27.9 

1 
do i 

1 

"Mild  epidemics  of  diarrhea"  continued,  with  the  result  that  the 
reassurance  established  by  the  report  above  mentioned  gave  place  to 
further  alarm.  The  typhoid  rate,  according  to  clinical  diagnosis  of 
that  period,  was  still  sufficiently  low  to  be  insignificant.  It  would  be 
interesting  to  know  how  much  of  this  so-called  ''diarrhea"  would, 
under  modem  methods  of  culture  diagnosis,  be  recognized  specifically 
as  typhoid  fever. 

The  above  statements  describe  the  situation  when,  in  1892,  Professor 

Sedgwick  was  invited  to  make  an  investigation.     In  his  paper,  read 

some  years  later  before  the  Water  Works  Association,"  he  sums  up 

the  situation,  as  it  then  existed,  as  follows: 

First.  It  was  widely  held  by  physicians  and  understood  by  the  people  that 
diarrhea  was  common  among  users  of  the  water,  especially  those  who  had  not 
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become  habituated  to  it,  visitors  to  Burlington,  if  they  drank  the  water,  frequently 
Bufferinfi:  from  some  diarrheal  disturbance. 

Second.  The  location  of  the  intake  of  the  waterworks  was  less  than  a  mile  from 
the  outfall  of  the  main  sewer  and  only  a  few  rods  from  the  docks. 

Third.  Typhoid  fever,  the  ordinary  measure  of  the  sanitary  condition  of  a  water 
supply,  was  not  then,  and  had  seldom  been,  excessively  prevalent  in  Burlington. 

Fourth.  Chemical  analyses  had  failed  to  show  any  marked  superiority  in  the 
water  of  the  broad  lake  (the  middle  of  Lake  Champlain)  to  that  at  the  intake  on 
the  shore  of  Burlington  Bay. 

Sixth.  Investigations  had  proved  that  it  would  be  difficult,  uncertain,  and  costly 
to  procure  a  gravity  supply  from  the  mountains,  because  of  their  remoteness  and  for 
other  reasons. 

It  is  only  fair  to  add  that  at  the  time  of  my  investigations  and  of  making  my 
report  I  was  less  familiar  with  some  of  these  facts  than  I  am  now. 

Previous  to  1892  the  sewer  outfall  had  frequently  attracted  the  attention  of 
physicians  and  other  citizens.  When  the  water  in  the  lake  was  low  the  sewage 
from  the  main  sewer  was  not  discharged  into  the  lake  beneath  the  surface,  or  even 
on  the  lake  front,  but  ran  in  an  open  stream  over  flats  laid  bare  by  the  receding 
waters  and  emptied  into  a  small  bay  or  basin  cx)nnecting  with  the  lake.  The  stench 
which  at  times  arose  from  this  torpid  stream,  from  the  flats,  and  from  the  bay  was 
highly  obnoxious  and  objectionable,  so  that  a  demand  had  come,  especially  from  the 
board  of  health  and  its  efficient  health  officer.  Dr.  H.  A.  Crandall,  for  an  improved 
outfall.  Mr.  F.  P.  Stearns,  C.  £.,  engineer  in  chief  of  the  State  board  of  health  of 
Massachusetts,  was  finally  consulted,  and  advised  an  extension  of  the  outfall  to  the 
main  lake  front,  with  disposal  there  directly  into  the  lake,  and  at  a  depth  sufficient 
to  be  always  below  the  surface.  • 

I  had  already  been  making  (in  Boston)  occasional  bacterial  analyses  of  the  city 
water,  the  water  of  the  lake,  etc.,  for  the  water  commissioners  of  Burlington,  when, 
on  June  20, 1892, 1  was  invited  by  them  to  visit  the  city  and  make  a  thorough  inves- 
tigation of  the  sanitary  condition  of  its  public  water  supply,  present  and  prospective. 
I  did  as  I  was  desired  and  subsequently  presented  a  report,  of  which  the  following 
is  the  principal  portion: 

Boston,  June  SO^  189S. 
The  BoABD  OF  Water  Gommissioneks, 

Burlington,  Vt. 

Gentlemen:  I  have  the  honor  to  submit  to  you  a  report  upon  my  investigations, 
made  at  your  request,  concerning  the  sanitary  condition  of  the  Burlington  water 
supply  and  the  probable  sanitary  effect  of  certain  proposed  changes  therein. 

I  am  informed  that  many  of  the  physicians  regard  the  water  supply  with  suspicion, 
and  I  find  that  the  successive  health  officers  in  their  official  reports  have  frequently 
referred  to  the  water  as  more  or  less  objectionable.  I  therefore  undertook,  first,  to 
discover  the  actual  effects  of  the  water  supply  upon  the  health  of  the  city. 

In  order  to  do  this  in  the  case  of  a  water  supply  suspected  of  sewage  contamina- 
tion it  is  customary  to  take  as  a  measure  the  prevalence  of  diarrheal  diseases  and 
especially  typhoid  fever.  I  have  therefore  carefully  studied  the  vital  statistics  of 
Burlington  for  the  last  twelve  years,  comparing  the  mortility  from  typhoid  fever  with 
the  total  mortality  and  also  with  the  number  of  inhabitants. 

The  results  show  conclusively  that  the  mortality  from  typhoid  fever  (and  the  same 
is  true  for  diarrhea  and  dysentery)  has  not  been  large  in  Burlington  during  the  lajst 
twelve  years.  The  average  annual  mortality  from  typhoid  fever  from  1870  to  1891  in 
Burlington  was  3.57  per  10,000  inhabitants. 

I  then  went  on  to  show  that  Burlington  compared  favorably  in  this  respect  wiUi 
many  cities  having  water  supplies  of  undoubted  purity,  and  stated  that  in  respect  to 
mortality  from  typhoid  fever  it  had  a  better  record  than  "  many  citiee  having  water 
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sapplies  of  good  repntation."  This  weighty  fact  alone  jtutiflee  the  conclnaion  that 
there  is  no  positive  evidence  in  the  sanitary  statistics  of  the  city  that  the  water  sap- 
ply  is  injurious  to  public  health.  I  may  add  by  way  of  confinnation  that  during  the 
last  three  years  I  have  made  repeatedly  bacteriological  analysis  of  the  Burlington 
supply,  and  that  I  have  found  no  satisfactory  evidence  of  the  presence  of  sewage  in 
the  drinking  water. 

It  ifl  interesting  and  instructive  to  compare  the  history  of  typhoid  fever  in  Burling- 
ton during  the  last  six  years  with  that  during  the  earlier  half  of  the  period  under 
(Y>nsideration,  for  in  this  way  we  may  learn  whether  this  disease  is  or  is  not  increas- 
ing.    If  we  do  this  we  obtain  the  following  results: 

StoHtiicg  of  typhoid  fever  in  Burlingtony  Vt, 


Riz-year  periods. 

1880-1885. 

1886-1801. 

Average  annual  death  rate  from  typhoid  fever  per  10,000  in- 
habitants  

3.39 
1.73 

3.76 

Average  annual  mortality  percentage  from  typhoid  fever 

1.83 

These  figures  are  certainly  reassuring,  and  prove  conclusively  that  there  is  no 
imme^ate  reason  for  excessive  anxiety  or  alarm  for  the  sanitary  condition  of  the 
water  supply. 

It  is,  however,  the  opinion  of  many  Burlington  physicians,  based  upon  their 
experience,  that  the  water  supply  is  responsible  for  the  occurrence  from  time  to  time 
of  diarrheal  disturbances  which,  while  they  very  rarely  result  in  death,  serve  to 
annoy  and  alarm  the  citizens.  In  the  present  state  of  our  knowledge  it  is  at  present 
impossible  to  prove  or  to  disprove  this  theory.  The  fact  appears  to  be  that  such 
disturbances  are  common,  and  it  is  well  known  that  the  main  sewer  of  the  city 
empties  into  Lake  Champlain,  the  source  of  the  water  supply,  less  than  a  mile 
from  the  intake.  Whether  there  is  anything  more  than  coincidence  in  these  facts  it 
is  impossible  to  say.  In  the  present  state  of  sanitary  science,  however,  there  can  be 
no  doubt  whatever  that  the  location  of  the  intake  of  the  waterworks,  as  near  as  it 
now  is  to  the  main  sewer  of  the  city,  is  highly  objectionable,  if  not  positively  danger- 
ous. I  can  only  regard  it  as  a  constant  menace  to  the  sanitary  welfare  of  the  dty. 
It  must  be  admitted  as  entirely  possible  that  unparified  sewage  driven  by  winds  or 
carried  by  currents  may  be  in  the  future,  if  it  has  not  been  in  the  past,  conveyed 
more  or  less  directly  from  the  sewer  outfall  to  the  water  intake. 

I  have,  therefore,  at  your  request,  considered  the  probable  sanitary  advantages  of 
a  removal  of  the  intake  of  the  waterworks  to  a  point  in  the  "broad  lake''  some  3 
miles  from  its  present  position,  and  also  those  of  a  complete  change  from  the  lake  to 
a  mountain  supply. 

In  regard  to  the  former — ^the  broad-lake  supply — I  am  of  the  opinion  that  it  would 
be  of  very  great  advantage  from  a  sanitary  standpoint,  inasmuch  as  it  would  so  far 
remove  the  intake  from  the  sewer  outfall  as  to  make  it  unlikely  that  raw  sewage 
would  ever  pass  from  the  latter  to  the  former,  while  at  the  same  time  it  would  give 
more  time  for  the  purification  en  route  of  any  sewage  which  might  accidentally  so 
pass.  Unless  the  city  should  become  very  much  lai^r  than  it  now  is,  the  passage 
of  sewage  from  the  sewer  outfall  to  an  intake  located,  for  example,  on  Appletree 
Reef,  through  the  present  sewer  basin  and  the  quiet  waters  of  the  bay,  can  only  be 
regarded  as  a  remote  possibility. 
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I  may  remark  in  paasiiig  that,  in  my  judgment,  one  reason  for  the  comparative 
immunity  from  epidemics  of  typhoid  fever  hitherto  enjoyed  hy  this  city  is  that  the 
sewage  is  held  in  a  small  bay  for  a  longer  or  shorter  time,  according  to  circum- 
stances, where  it  can  to  some  extent  become  freed  from  the  germs  of  disease. 

If  Burlington  could  draw  its  water  supply  by  gravity  from  mountain  streams  or 
storage  reservoirs  and  secure  abundant  water  from  an  unpolluted  watershed  the  dan- 
ger of  infection  of  the  water  supply  would  be  done  away.  So  far  as  I  can  judj^, 
however,  there  are  no  streams  of  sufficient  size  and  purity  directly  available.  Stor- 
age would  be  an  unavoidable  necessity.  But  storage,  while  of  great  sanitary  advan- 
tage so  far  as  the  germs  of  specific  diseases  are  concerned,  is  apt  to  lead  to  disagreeable 
consequences  in  other  directions.  The  water  drawn  from  storage  reservoirs  is  often 
more  or  less  colored  by  peat,  stumps,  leaves,  etc.,  and  not  infrequently  suffers  fer- 
mentation with  the  development  of  organisms,  acquiring  thereby  disagreeable  and 
sometimes  nauseous  tastes  and  odors.  If  these  compel  the  citizens  to  abandon  its  use 
and  lead  them  to  resort  to  polluted  wells  or  other  objectionable  sources  of  supply,  the 
sanitary  consequences  may  be  unfortunate.  It  will  be  seen,  therefore,  that,  while  a 
mountain  supply  is  in  many  respects  highly  desirable,  it  is  nevertheless  true  that  its 
adoption  in  this  case  would  be  attended  with  the  possibility  of  some  undesirable  con- 
sequences. It  must  be  remembered  that  every  new  water  supply  depending  upon 
the  storage  of  surface  water  is  an  experiment.  It  can  not  be  undertaken  without 
some  risk  of  undesirable  results. 

In  fine,  I  am  of  the  opinion  that  there  is  no  positive  evidence  of  any  injurious 
characteristics  in  the  present  supply.  But  I  believe  nevertheless  that  in  view  of  the 
common  occurrence  of  diarrheal  disturbances  reported  by  physicians,  and  on  account 
of  the  menace  to  the  public  health  involved  in  the  present  arrangement,  some  other 
source  of  supply  should  be  found.  I  think  that  it  would  be  of  very  great  sanitary 
advantage  to  remove  the  intake  as  far  as  possible  out  into  the  broad  lake.  A  moun- 
tain supply  in  storage  reservoirs  would  afford  complete  relief  from  sewage  or  con- 
tamination, but  might  involve  serious  troubles  with  microscopical  organisms,  tastes, 
and  odors. 

Respectfully  submitted.  William  T.  Sedgwick. 

This  report  was  generally  accepted  as  establishing  the  fact  that,  while  there  was 
no  occasion  for  immediate  alarm  or  excessive  anxiety,  it  was  imperative  that  steps 
should  be  taken  as  soon  as  practicable  to  improve  the  situation.  The  epidemics  of 
1882,  1884,  and  1889  were  not  forgotten,  and  the  figures  submitted  by  me  showed  a 
perceptible,  though  slight,  increase  of  typhoid  fever  and  diarrheal  disturbance  dur- 
ing the  more  recent  six-year  period.  Accordingly,  after  still  further  deliberation,  it 
was  decided  to  extend  the  intake  pipe  some  3  miles  from  the  sewer  outfall  into  the 
lake,  to  a  point  known  as  Appletree  Reef,  which  had  been  found  by  repeated  bacte- 
rial analyses  to  l)e  a  favorable  one  for  the  purpose.  This  extension,  as  has  been  fully 
described  in  the  preceding  paper  by  Mr.  Crandall,  was  made  in  the  summer  of  1894. 
Its  completion  was  undoubtedly  hastened  by  the  improved  sewerage  plan  recom- 
mended by  Mr.  Steams  in  1892,  and  about  to  be  carried  out  by  the  sewer  commis- 
sioners, by  virtue  of  which  the  main  sewer  outfall  would  be  pushed  outward  to  the 
lake  front  and  the  sewage  discharged  at  all  seasons  beneath  the  surface  of  the  lake. 
As  soon  as  this  improvement  became  assured,  Mr.  Crandall  and  the  water  commis- 
sioners, as  well  as  the  board  of  health,  redoubled  their  activity  in  urging  that  the 
intake  of  the  water  supply  should  be  moved  farther  out  into  the  lake,  and  all  the 
more  because  the  little  bay  in  which  at  certain  seasons  the  sewage  fermented  and 
doubtless  worked  itself  to  some  extent  free  from  disease  germs  was  now  to  be  oblitr 
erated,  so  that  fresh  sewage  might  at  times  readily  find  access  to  the  currents,  if 
any,  along  the  lake  front  at  a  point  less  than  a  mile  from  the  intake  of  the  waterworks. 

I  have  lately  had  made  by  an  assistant — Mr.  S.  C.  Prescott,  in  the  laboratory  of  the 
Vermont  agricultural  experiment  station,  kindly  placed  at  our  disposal  by  Professor 
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Jones,  to  whom  our  hearty  thanks  are  due — a  series  of  careful  bacterial  analyses 
of  water  taken  from  various  points  on  the  high  service  and  the  low;  at  the  pumping 
station;  from  the  pump  well,  and  from  the  lake  just  outside,  a  point  which  corre- 
sponds to  the  old  intake;  from  the  lake  froiit  near  the  sewer  outfall,  and  from  the 
new  intake  on  Appletree  Reef.  These  show  conclusively,  both  by  comparison  with 
analyses  made  before  the  extension  of  the  intake  and  by  comparison  one  with 
another,  that  the  removal  of  the  intake  to  a  distant  point  in  the  lake  has  caused  a 
marked  bacterial  improvement  in  the  purity  of  the  city  water. 

In  discussing  the  results  of  the  biological  investigations  made  in 
connection  with  his  examination,  Professor  Sedgwick  demonstrated  by 
actual  plate  cultures  of  equal  amounts  of  water  from  different  parts 
of  the  lake  the  progressive  disappearance  of  bacteria  from  the  sewer 
outlet,  where  they  abounded,  to  the  old  intake,  where  they  were  rela- 
tively few  yet  far  more  numerous  than  at  the  new  intake  or  at  any 
point  in  the  service  pipes.  In  connection  with  this  he  submitted  sani- 
tary analyses  showing  the  amounts  of  organic  matter  at  the  old  intake 
of  the  lake  and  in  the  city  water  after  the  intake  was  extended  to  Apple- 
tree  Reef,  and  the  condition  of  that  organic  matter,  as  follows: 

Table  XVI. — Sanitary  analyses  ofivaier  of  Lake  Champlain  at  neiv  and  old  intakes. 


Total  solids 

Volatile  solids 

Per  cent  volatile 

Albuminoid  ammonia 

Free  ammonia 

Nitrites 

Nitrates 

Oxygen  consumed 

Chlorine 

Hardness 

Iron 

Microscopical  oi^nisms  in  100  cubic  centimeters: 

Diatoms 

Algse 

Blue-green  algse 


Lake  (old 
intake). 

Tap  (city 
service). 

• 

66.00 

62.00 

12.5 

10.5 

19.00 

16.9 

.138 

.120 

• 

.01 

.00 

.00 

.00 

.01 

.10 

2.730 

2.496 

1.40 

1.00 

42.00 

42.00 

.06 

.06 

3,650 

1,050 

1,400 

6,200 

200 

150 

In  discussing  the  improvements  brought  about  by  the  extension  of 
the  intake  pipe  into  the  lake,  Professor  Sedgwick  reported  as  follows: 

But  there  is  yet  another  kind  of  evidence  which  witnesses  still  more  eloquently 
to  the  improvement  of  the  water  supply.  This  is  the  testimony  of  the  physicians  of 
Burlington.  As  &ir  as  I  have  been  able  to  communicate  with  them — and  I  have 
interviewed  a  number  of  the  most  prominent  and  representative — ^there  is  a  surprising 
and  remarkable  unanimity  of  opinion  among  the  local  physicians  to  the  effect  that 
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the  peculiar  diarrheal  disturbances  which  had  so  long  prevailed  in  Burlington  have, 
since  the  extension  of  the  intake  pipe,  wholly  ceased;  and  the  physicians  are  enthu- 
siastic in  their  recognition  of  the  salutary  change,  which  they  attribute  entirely  to 
the  improved  water  supply. 

In  view  of  all  the  evidence  at  hand — statistical,  bacteriological,  chemical,  and 
medical — I  think  we  may  safely  conclude  that  the  sanitary  condition  of  the  water 
supply  of  Burlington  is  now  most  excellent.  If,  however,  in  the  future  Burlington 
grows  extensively  and  becomes  a  much  larger  city  it  will  probably  become  necessary 
here,  as  in  most  large  cities,  to  fac^  once  more  the  question  of  a  pure  water  supply. 
Special  pains  must  also  be  taken  to  see  to  it  that  the  intake  pipe  is  kept  intact  and 
free  from  leakage.  The  unfortunate  experiences  of  Toronto  and  Buffalo  with  broken 
intake  pipes  afford  ample  warnings  in  this  direction. 

This  is  the  first  case  within  my  own  experience,  now  somewhat  extensive,  in 
which  epidemic  diarrhea  in  a  mild  form  has  prevailed  in  a  community  for  many  years, 
having  its  etiology  in  the  consumption  of  impure  water,  as  has  been  proved  by  its 
apparent  total  disappearance  on  a  change  in  the  source  of  supply.  The  importance 
of  the  case  in  the  history  of  water-borne  diseases  is  manifest.  It  was  complicated 
by  the  fact  that  typhoid  fever,  which  is  usually  taken  as  a  measure  of  the  sanitary 
condition  of  the  community,  was  here  ordinarily  by  no  means  excessive,  and  that 
its  occasional  prevalence  might  easily  have  been  due  to  some  other  cause  than  pol- 
luted water.  The  fact  seems  to  be,  however,  that  it  was  in  truth  really  due  to 
impure  water,  inasmuch  as  since  the  extension  of  the  intake  pipe  in  1894  typhoid 
fever  has  practically  disappeared.  If  would  seem  fair  to  conclude,  from  the  moder- 
ate occurrence  of  typhoid  fever,  while  diarrhea  abounded,  that  germs  of  the  latter 
disease,  more  hardy  than  those  of  the  former,  were  frequently  able  to  survive  a 
journey  from  the  sewer  outfall  to  the  water  intake,  while  those  of  typhoid  fever,  if 
present,  usually  perished.  In  future  sanitarians  will  not  be  able,  by  the  test  of 
typhoid  fever  alone,  to  show  that  a  water  supply  is  above  suspicion.  A  mild  form 
of  diarrhea  caused  by  polluted  water  may  apparently  prevail  even  in  the  absence  of 
any  constant  or  considerable  excess  of  typhoid  fever. 

PRESENT  CONDITIONS. 

The  statements  above  recited  with  reference  to  the  water  supply  of 
Burlington  indicate  in  a  measure  the  condition  of  the  lake  in  front  of 
the  city  twelve  years  previous  to  the  investigation  of  which  this  pub- 
lication i«  a  report.  Since  that  time  the  population  of  Burlington  has 
increased  about  30  per  cent.  Therefore,  the  conditions,  admittedly 
bad  during  that  period,  must  of  necessity"  be  still  more  unfavorable  at 
the  present  time.  It  is  therefore  safe  to  enter  upon  the  investiga- 
tion with  the  assumption  that  Burlington  sewage  does  damage  the 
lake,  and  the  problem  resolves  itself  into  a  question  of  the  extent  of 
that  damage. 

One  of  the  most  striking  features  in  connection  with  Burlington 
pollution  brought  out  by  the  report  of  Professor  Sedgwick  is  the  appar- 
ently enormous  power  possessed  by  the  lake  to  assimilate  large  quanti- 
ties of  contaminating  matter  and  to  conceul  almost  every  chemical  as 
well  as  biological  evidence  of  the  presence  of  pollution.  It  is  inevitable 
that  the  increased  quantity  of  sewage  resulting  from  the  increase  in 
population  above  stated  will  render  the  detection  thereof  in  the  lake 
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a  less  difficult  matter  than  during  the  period  covered  by  Professor 
Sedg-wick's  report.  In  addition  to  this,  the  interesting  question  pre- 
sents itself,  whether  or  not  by  the  continued  pollution,  year  after  year, 
the  lake  immediately  surrounding  has  lost  a  part  of  the  remarkable 
power  which  it  was  at  that  time  shown  to  possess  of  assimilating  these 
impurities  and  making  their  detection  difficult.  Undoubtedly  pre- 
cipitation of  the  organic  matter  is  a  great  feature  of  this  so-called 
assimilating  power,  and  it  has  been  well  shown  that  the  continued 
sedimentation  of  putrescible  matter  will  in  time  result  in  such  large 
accumulations  that  the  actual  conditions  will  assume  those  somewhat 
similar  to  a  septic  tank.  In  other  words,  the  area  will  become  a  seat 
of  fermentative  changes,  the  result  being  that  the  charac'ter  of  the 
surrounding  water  reveals  these  conditions  and  a  large  part  of  the 
power  to  conceal  sewage  is  lost.  No  opportunity  was  afforded  to 
investigate  with  reference  to  this  particular  point,  but  the  results 
hereinafter  submitted  contain  interesting  suggestions  with  reference 
to  it. 

Burlington  sample  series  of  September  16. — ^The  first  samples  taken 
to  determine  the  extent  of  Burlington  pollution  were  from  along 
the  shore  of  the  lake,  south  of  the  city  and  continuing  around  the 
shores  of  Shelburne  Bay.  This  course  is  indicated  in  fig.  4  (p.  77), 
showing  sampling  points  1  to  19,  beginning  a  few  rods  south  of  the 
southernmost  end  of  the  Burlington  breakwater  and,  after  circling 
around  the  bay,  ending  a  short  distance  east  of  Shelburne  Point.  The 
determinations  made  with  these  samples  consisted  of  (1)  total  solids  on 
evaporation,  (2)  loss  on  ignition,  (3)  per  cent  loss  on  ignition,  and  (4) 
chlorine.  No  biological  samples  were  taken  in  this  series,  as  the  prin- 
cipal object  was  to  determine  whether  or  not  intelligent  results  could 
be  secured  by  chemical  means  ovAy.  It  was  well  understood  that 
with  the  normal  conditions  of  current  southward  the  water  of  the  lake 
off  the  shore  from  Red  Kock  Point  to  Burlington  Harbor  would  be 
distinctly  polluted  with  sewage.  The  results  of  the  determinations 
in  this  series  of  samples  are  set  forth  in  Table  XVII. 
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Table  XVII. — Burlin0on  pollution  sample  series  of  Septgtnber  16,  1904' 


Sampling  point. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Total 
solids. 


60.0 
60.0 
71.2 
49.2 
66.4 
72.0 
60.0 
61.6 
84.0 
77.4 
56.8 
59.2 
68.0 
65.2 
66.8 
64.8 
64.8 
69.6 
64.0 


Volatile 
solids. 

Per  cent 
volatile. 

24.0 

40.0 

25.0 

41.7 

22.4 

31.4 

18.0 

36.9 

26.4 

39.8 

28.0 

39.0 

23.2 

38.7 

19.2 

31.2 

32.8 

39.0 

33.6 

43.4 

19.2 

33.8 

27.2 

57.8 

31.2 

45.9 

27.2 

41.7 

27.6 

41.3 

31.2 

48.1 

24.8 

38.3 

30.4 

43.7 

27.2 

42.5 

Chlorine. 

1.4 
1.4 
1.4 
1.1 
1.1 
1.5 
1.0 
1.2 
1.0 
1.3 
1.3 
1.4 
1.5 
1.0 
1.0 
1.1 
1.4 
1.1 
1.3 


Although  the  results  set  forth  in  the  above  table  indicate  unmis- 
takably the  polluted  condition  of  the  water  in  the  region  in  which  the 
samples  were  taken,  there  appears  to  be  no  continuity  nor  general 
logical  trend  as  the  distance  from  the  polluting  point  is  increased  or 
diminished.  The  results  also  emphasize  the  fact  that  although  a  largo 
amount  of  sewage  matter  is  turned  into  the  lake  at  Burlington  the 
determination  of  volatile  solids  does  not  set  forth  the  conditions 
clearly.  This  determination  is  therefore  unworthy  of  confidence 
except  in  those  cases  where  the  accompanying  determinations  agree 
relatively  with  them.  A  few  of  the  samples,  such  as  Nos.  10,  12, 
13,  and  16,  show  a  percentage  of  volatile  solids  considerably  higher 
than  the  normal  for  the  lake,  and  it  will  be  noted  that  the  chlorine 
in  those  samples  is  abnormally  high.  On  the  other  hand,  the  results 
of  the  determination  in  sample  6  show  a  normal  amount  of  volatile 
solids  with  extraordinarily  high  chlorine.  As  might  be  expected, 
the  chlorine  determinations  give  the  specific  results  valuable  in  the 
investigation.  It  will  be  seen  that  by  far  the  greater  majority  of 
the  samples  contained  an  amount  of  chlorine  considerably  higher 
than  the  normal.  This  can  be  due  to  nothing  else  than  the  Burlington 
sewage.     On  the  other  hand,  there  were  several  samples  containing  a 
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normal  amount  of  cbloriDe,  which  may  be  explained  by  the  statement 
that  the  dilution  by  the  purer  water  from  the  broad  lake  mu»t  be 
irreg'ular  in  the  bay,  a;:*  in  fact  the  physical  conditions  would  indicate. 


—Burllnglon  iiample  aeriva  cil  Scptei 


BurlimjUm  snmpl-e  serie*  of  Sejyti-mhcr  17, 1904. — A  second  scries  of  ■ 
samples  involving  smiilar  determinations  was  taken  on  September  17, 
the  course  ninning  south  from  Burlington  along  the  shore  for  7  miles 
to  a  point  a  short  distance  north  of  Quaker  Smith  Reef.  This  series 
consisted  of  12  samples  distributed  along  the  line  shown  in  fig.  4.    The 


78 


POLLUTION   OF  LAKE   GHAHPLAIN. 


(NO.  121. 


following  are  the  results  of  the  determinations  made  upon  these 
mmples: 

Table  X-yilL^— Burlington  pollution  sample  series  of  SepUmber  17,  1904' 


Sampling  point. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Total 
solids. 


66.0 
53.6 
66.8 
62.4 
61.6 
60.8 
65.6 
66.3 
79.6 
74.8 
63.2 
70.0 


Volatile 
solids. 

Per  cent 
volatile. 

• 

24.0 

36.4 

20.4 

38.1 

28.8 

43.1 

24.8 

39.7 

24.0 

88.9 

•    17.6 

29.0 

25.2 

38.4 

22.8 

34.1 

24.0 

30.2 

32.0 

42.8 

27.2 

43.0 

30.0 

42.8 

Chlorine. 

1.2 
1.3 
1.2 
1.1 
1.1 
1.1 
1.0 
1.2 
1.3 
.9 
.9 
1.0 


The  series  of  samples  set  forth  in  the  above  table  affords  results  of 
little  practical  value  save  to  show  that  at  the  lower  end  of  the  line,  in 
the  region  of  Quaker  Smith  Reef,  the  water  is  normal.  There  is  no 
increase  in  per  cent  of  volatile  solids  commensurate  with  the  condi- 
tions as  they  might  be  supposed  to  exist  in  those  stations,  and  in  con- 
nection with  the  series  of  September  16  the  conclusion  must  })e 
drawn  that  the  determination  of  volatile  solids  is  without  value  in 
connection  with  this  investigation.  The  amount  of  organic  matter 
imparted  to  the  lake  is  immediately  diluted  to  so  large  an  extent  that 
the  relative  variations  in  the  diluted  sewage  are  not  sufficient  to 
account  for  any  important  amount  of  variation  in  the  character  of  the 
water  from  the  mouth  of  the  sewer  out  into  the  lake.  It  is  true  that 
in  a  broad  sense  the  relative  amounts  of  chlorine  give  results  which 
indicate  something  of  importance,  but  as  specific  determinations  for 
the  tracing  of  sewage  in  this  region  it  must  be  admitted  that  they  arc 
exceptionally  weak. 

While  the  two  previous  series  of  samples  show  unmistakablj^  that 
the  water  to  the  south  of  Burlington  is  polluted  by  sewage,  there  i.s 
not  sufficient  definition  in  the  results  to  indicate  even  approximately 
the  extent  to  which  the  sewage  may  be  harmful  in  the  lake. 

Sample  series  of  September  ^^,  No,  1. — In  the  next  series  of  sam- 
ples, taken  on  September  22,  it  was  determined  to  try  the  results  of 
complete  sanitary  analyses,  in  order  to  show  whether  the  evidence 
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with  reference  to  the  amount  and  condition  of  the  organic  matter 
would  afford  any  better  indication  of  sewage  contamination  than  did 
the  determination  of  volatile  solids  and  chlorine.  The  samples  were 
taken  mainly  inside  the  breakwater  and  along  a  line  extending  to  the 


I  mile 


^^^utoosk*  ^ 


Fio.  5. — Burlington  iiamplc  Heries  of  Sc'ptemlHjr  2*2,  No.  1. 

K>uthwest,  the  direction  thereof  following  that  which  was  l)elieved  to 
be  taken  by  the  sewage  from  the  outlet  at  Burlington  (see  fig.  5). 

The  results  of  the  analyses,  together  with  the  determination  of  the 
number  of  bacteria  and  the  presence  of  Bacillus  coli  cor/imunls^  are 
included  in  Table  XDL 
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Table  XIX. — Saniiary  analyses  in  sample  series  of  September  Siy  No.  1. 

[Parts  per  million.] 


Nitrogen  a«— 

• 

* 

g 

a 

• 

d 

• 

00 

s 

•O    . 

O 

5 

"o 

g 

Turbidity. 

oJ3 

• 

1 
1 

s 

► 

a 
•2 

OS 

g 

B 

o 
o 

16 

1 

< 

OS 

■»■* 
S5 

1 

9 
S 

o 

a> 

•a 
1 

a 
p4 

1 
1 

1 

UisUnct... 

IV. 

0.132 

0.006 

0.000 

0.160 

1.0 

69.0 

17.0 

24.6 

61.4 

.400 

+ 

2 

do.... 

16 

IE. 

.128 

.014 

.000 

.180 

1.0 

71.0 

20.0 

28.2 

51.4 

G40 

f 

3 

do 

13 

IV. 

.116 

.004 

.000 

.170 

.9 

68.6 

19.0 

27.7 

50.0 

200 

■+■ 

4 

do.... 

13 

IE. 

.112 

.002 

.000 

.160 

.9 

71.6 

19.6 

27.0 

61.4 

640 

■4- 

5 

do 

18 

2  A. 

.120 

.006 

.000 

.170 

.9 

69.6 

19.6 

28.1 

60.0 

300 

+ 

6 

do.... 

16 

lA. 

.2M 

.016 

.000 

.190 

.9 

72.0 

20.0 

27.6 

61.4 

610 

- 

7 

do.... 

8 

2A. 

.106 

.002 

.000 

.160 

.9 

66.6 

16.0 

24.1 

60.0 

300 

*- 

8 

do 

8 

lA. 

.142 

.026 

.000 

.160 

.9 

66.6 

13.6 

20.3 

61.4 

680 

+ 

9 

do 

18 

lA. 

.130 

.012 

.000 

.160 

.9 

69.0 

20.0 

29.0 

48.6 

780 

+ 

10 

do 

8 

lA. 

.186 

.008 

.000 

.170 

.8 

72.0 

22.0 

30.6 

50.0 

600 

- 

11 

do.... 

14 

lA. 

.188 

.008 

.000 

.170 

.9 

69.6 

20.6 

29.6 

48.6 

920 

-»- 

12 

do.... 

9 

lA. 

.134 

.014 

.000 

.170 

.9 

71.0 

20.0 

28.2 

61.4 

680 

+ 

In  considering  the  results  set  forth  in  Table  XIX  it  will  he  ot  inter- 
est first  to  compare,  so  far  as  the  material  admits  of  comparison,  the 
conditions  existing  in  the  water  at  the  present  time  with  those  indi- 
cated in  previous  pages,  Tables  XV  and  XVI.  It  will  be  noted  that  in 
Table  XV  certain  determinations  were  given  with, reference  to  the 
water  from  the  lake  at  the  mouth  of  the  suction  pipe,  as  then  situated 
at  the  northern  extremity  of  the  Burlington  docks.  With  the  first  6 
determinations  a  fair  comparison  can  be  made  with  the  results  of  sam- 
ple 2,  Table  XIX.  The  sample  was  taken  a  short  distance  west  of 
the  dock  at  which  the  intake  pipe  was  formerly  situated.  It  will  be 
seen  at  once  that  the  amounts  of  free  and  albuminoid  ammonia 
expressed  in  both  tables  are  not  materially  diflferent.  Some  of  the 
determinations  in  the  earlier  series  show  greater  amounts  of  these  two 
constituents  than  were  shown  in  sample  2  in  the  table  above.  There- 
fore these  two  determinations  can  not  be  accepted  as  indicative  of  any 
comparative  amounts  of  pollution. 

In  the  fifth  and  sixth  determinations  of  the  earlier  series  it  will  be 
noted  that  the  amounts  of  total  solids  are  not  materially  different,  but 
the  analysis  of  September,  1904,  shows  a  considerable  increase  in  vol- 
atile material  over  the  determination  made  by  Seeley  in  March,  1885. 
This  relative  difference  disappears,  however,  when  the  determination 
of  Hills,  made  January  8,  1889,  is  taken  into  consideration.  The 
per  cent  of  volatile  solids,  therefore,  does  not  indicate  an  absolute 
increase  in  the  amount  of  organic  matter.  Indeed,  the  determinations 
here  considered  are  not  well  fitted  to  show  the  facts  desired.  The 
amount  of  organic  matter  varies  from  day  to  day,  and  these  fluctua- 
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tions  are  safficient  to  vitiate  any  iDtelligcnt  interpretations.  There 
should  be  a  large  number,  covering  a  considerable  season,  to  afford  a 
general  survey  or  average  which  will  be  largely  representative  of  act- 
ual conditions. 

The  amounts  of  chlorine  set  forth  in  the  various  determinations  here 
compared  offer  no  better  information  than  do  the  determinations  of 
organic  matter.  The  two  determinations  which  are  of  value  in  this 
work  are  those  of  Bacillus  coli  commxmis  and  the  number  of  bacteria 
per  cubic  centimeter.  This  determination  does  not  appear  in  the  ear- 
lier analyses,  but  in  those  of  September,  1904,  it  is  shown  that  the 
number  of  bacteria  is  large  and  that  there  is  undoubted  indication  of 
intestinal  pollution. 

The  determinations  made  by  Sabin  and  by  Witthaus  in  September, 
1884,  of  samples  taken  from  the  surface  midway  between  the  sewer 
mouth  and  the  south  end  of  the  breakwater,  may  be  fairly  compared 
with  samples  7  and  8  in  Table  XIX.  The  only  information  recorded 
in  the  earlier  determinations  is  that  with  reference  to  total  and  vola- 
tile solids,  free  and  albuminoid  anmionia,  and  chlorine.  The  total 
solids  in  the  later  determinations,  as  well  as  the  chlorine,  are  consid- 
erablv  lower  than  those  made  in  1884.  The  amount  of  chlorine  in 
the  determination  made  by  Witthaus  is  enormous,  while  the  amount 
of  total  solids  in  both  of  the  earlier  samples  is  sufficiently  high  to  con- 
firm the  chlorine  determination.  On  the  other  hand,  it  is  shown  that 
the  chlorine  in  the  water  taken  during  the  recent  investigation  is  below 
that  determined  as  the  normal  for  the  broad  lake.  The  determination 
is  certainly  anomalous,  is  not  borne  out  by  the  facts  known  to  exist, 
and  is  unworthy  of  confidence.  To  offset  this  the  bacteriological 
determinations  show  clearlj'^  the  presence  ot  Baoillus  coli  communis^ 
and,  in  the  case  of  sample  8,  of  a  high  number  of  bacteria  per  cubic 
centimeter. 

Comparing  the  analysis  of  sample  2  in  Table  XIX  with  that  of  the 
lake  water  at  the  old  intake,  in  Table  XVI,  it  will  be  seen  that  while 
the  total  solids  in  the  later  sample  are  considerably  higher  than  those 
in  the  earlier,  the  amount  of  volatile  matter  is  60  per  cent  greater. 
The  amounts  of  free  and  albuminoid  ammonia  are  not  significant  in  this 
comparison.  While  the  nitrates  are  considerably  higher  in  the  later 
determination,  chlorine  is  found  to  be  somewhat  lower  in  Table  XVI. 
On  the  whole  the  comparison  assists  very  little  in  arriving  at  any 
decision  with  reference  to  the  amount  of  pollution  in  the  lake  at  the 
dates  of  the  determinations.  Throughout  the  entire  period  of  inves- 
tigation, from  1889  to  the  present  time,  chemical  evidence  in  relation 
to  the  effect  of  Burlington  sewage  upon  Lake  Champlain  is  of  little 
value,  and  in  many  respects  is  misleading  to  a  dangerous  degree. 

It  will  now  be  in  order  to  contrast  the  determinations  recorded  in  the 
above  table  with  those  which  were  made  with  the  sample  series  of  Sep- 
iBB  121—05 6 
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tember  16  and  17,  and  to  show,  if  possible,  whether  the  additional  data 
contained  in  the  later  series  with  reference  to  the  amount  and  con- 
dition of  organic  matter  give  any  more  evidence  concerning  the  pol- 
lution of  the  lake  than  do  the  determinations  of  total  and  volatile 
0olids,  which  were  found  to  be  of  practically  no  value  in  the  earlier 
series. 

In  the  foregoing  discussion  of  the  results  of  September,  1904,  com- 
pared with  those  taken  from  1885  to  1892,  it  was  shown  that  there  is 
no  significant  difference  in  the  various  determinations,  and  that  in  both 
series  of  samples  the  chemical  evidence  was  of  no  value  in  determining 
the  actual  effect  of  Burlington  sewage  on  the  lake.  A  little  considera- 
tion will  result  in  the  same  conclusions  with  reference  to  the  series  set 
forth  in  Table  XIX.  There  is  no  logical  variation  in  the  amount  of 
albuminoid  ammonia,  the  sample  taken  directly  in  front  of  the  sewer 
outlet  showing  not  as  much  organic  matter  in  any  of  the  various  forms 
determined  as  that  taken  at  more  distant  points,  where  the  effects  of 
pollution  must  necessarily  be  less.  So  far  as  the  general  evidence 
contained  in  the  table  goes,  it  throws  no  light  upon  the  problem  in 
hand,  and  the  entire  interpretation  must  be  based  upon  the  number  of 
bacteria  per  cubic  centimeter  and  the  presence  of  intestinal  bacteria. 
The  following  is  a  statement  by  Dr.  B.  H.  Stone,  director  of  the 
State  laboratory  of  hygiene  at  Burlington,  Vt.,  who  conducted  the 
biological  investigations  with  reference  to  the  methods  employed  to 
isolate  the  BaciUv^  coli  communis. 

(a)  A  fermentation  tube  filled  with  a  2  per  cent  faintly  acid  lactose  bonillon,  to 
which  has  been  added  1  per  cent  of  one-half  of  1  per  cent  aqueous  solution  of  neutral 
red,  is  inoculated  with  5  cubic  centimeters  of  the  water  to  be  examined,  or  5  tubes 
are  inoculated  with  1  cubic  centimeter  each.  If  no  gas  is  found  after  an  incubation 
period  of  twenty-four  hours  at  37°  C.  the  absence  of  the  colon  bacillus  is  shown. 

(6)  If  from  25  to  70  per  cent  of  gas  is  formed  in  the  closed  arm,  a  tube  containing 
10  cubic  centimeters  of  neutral  broth,  to  which  has  been  added  0.3  cubic  centimeter 
of  Parietti's  solution,  is  inoculated  with  one-half  cubic  centimeter  of  the  contents  of 
(a)  and  incubated  twenty-four  hours  at  37°  C. 

(c)  A  second  fermentation  tube  is  now  inoculated  with  one-half  cubic  centimeter 
of  the  contents  of  (b)  and  grown  twenty-five  hours  at  37°  C.  If  there  is  no  gas  we 
may  be  sure  the  gas  producer  in  (a)  was  not  the  colon  bacillus.  If,  on  the  other 
hand,  26  to  70  per  cent  of  gas  is  produced  in  this  tube  with  the  characteristic  neutral 
red  yellow-red  reaction  (the  fluid  in  the  open  arm  remaining  red  while  the  closed 
arm  shows  a  beautiful  fluorescent  yellow  with  a  sharp  line  of  demarcation  between — 
Stokes)  we  may  be  reasonably  sure  that  the  colon  bacillus  is  present. 

{d)  Further  confirmation  is  obtained  by  ascertaining  the  gas  formula  from  (c)« 
The  formula  for  the  colon  bacillus  is  H;C02=2: 1. 

The  tests  for  BacUlris  coli  communis  noted  in  the  foregoing  state- 
ment were  presumptive,  and  under  ordinary  conditions  could  in  no 
wise  be  accepted  as  conclusive  evidence  of  the  presence  of  that  organ- 
ism. .  In  the  interpretation  of  results  there  must  arise  a  question  as  to 
the  value  of  presumptive  tests.  The  general  opinion  among  water 
bacteriologists  is  that  such  tests  may  indicate  this  organism,  but  that 
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it  is  necessary  to  resort  to  additional  methods  of  identification  where 
there  is  any  doubt  with  reference  to  the  presence  of  sewage.  It  should 
be  remembered,  however,  that  in  the  present  case  presumptive  tests 
were  made  in  water  in  which  the  presence  of  sewage  had  been  clearly 
established.  In  justifying  their  use  it  must  be  admitted  that  the  ques- 
tion of  presence  of  the  sewage  organism  is  not  involved.  The  large 
volumes  of  sewage  pouring  into  the  lake  from  the  trunk  sewer  settle 
the  question  so  far  as  mere  presence  of  Bacillus  coli  is  concerned. 
Years  of  research  have  demonstrated  that  this  organism  must  be  pres- 
ent under  such  conditions.  The  problem,  then,  is  merely  to  deter- 
mine the  area  of  influence  of  these  organisms.  Numerous  presumptive 
tests  made  upon  the  water  of  the  broad  lake  failed  to  give  positive 
results  in  a  single  instance;  therefore,  taking  into  consideration  the 
fact  of  negative  evidence  in  the  broad  lake  and  positive  evidence  in 
the  area  known  to  be  polluted,  the  presumptive  tests  are  undoubtedly 
safe  and  certain  in  tracing  the  extent  of  sewage  pollution. 

Considering  only  the  bacteriological  evidence  set  forth  in  the 
results  in  Table  XIX,  it  will  be  noted  that  throughout  the  course  cov- 
ered by  the  series  the  number  of  bacteria  per  cubic  centimeter  is  large 
and  that  the  presence  of  the  colon  group  indicates  undoubted  evidence 
of  intestinal  bacteria.  At  sampling  point  No.  12,  situated  at  a  distance 
of  about  2  miles  from  the  outlet  sewer,  in  a  southwesterly  direction, 
the  number  of  bacteria  is  extremely  high  considering  the  distance,  and 
the  BacUlvs  coU  conmiunis  still  persists. 

It  has  been  shown  by  the  series  of  September  16  that  south  of  the 
city  and  in  Shelburne  Bay  there  are  undoubted  evidences  of  pollution. 
The  series  of  September  17  indicates  that  this  pollution  does  not 
extend  as  far  south  in  the  lake  proper  as  Quaker  Smith  Reef.  The 
series  of  September  22,  the  results  of  which  are  set  forth  in  Table 
XLX,  show  conclusively  that  the  inner  harbor  of  Burlington  is  pol- 
luted and  that  the  condition  can  be  traced  for  a  considerable  distance 
to  the  southwest  in  a  broad,  sweeping  curve,  following  the  course 
which,  from  various  observations,  was  determined  to  be  one  of  those 
followed  by  the  Burlington  sewage. 

Sample  series  of  September  22^  Nos,  2  cmd  3. — On  the  same  day, 
September  22,  two  other  series  of  samples  were  taken  (fig.  6).  The 
first  extended  from  the  foot  of  Maple  street  past  the  outlet  sewer, 
turning  around  the  south  end  of  the  breakwater  in  a  sharp  curve,  and 
extending  northward  toward  Appletree  Point  for  a  distance  about 
equal  to  the  length  of  the  breakwater.  The  second  extended  from  the 
shore  opposite  the  railroad  depot  along  a  straight  line,  passing  close 
to  the  north  end  of  the  breakwater  and  thence  to  Lone  Rock  Point. 
The  object  of  these  samples  was  to  show  to  how  great  an  extent  north- 
westward from  the  city  the  intestinal  bacteria  might  be  traced,  and 
especially  to  determine  whether  the  regions  immediately  outside  the 
breakwater  were  affected. 
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The  result  of  the  first  series  set  forth  in  Table  XX  refer  to  the 
samples  taken  along  the  course  extending  from  Maple  Tree  dock  to 
point  No.  7,  opposite  the  rift  in  the  breakwater,  as  shown  in  fig.  6. 
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I  m  i  I  e 


^nooskt^ 


Fig.  6.— Burlington  sample  series  of  September  22,  Nos.  2  and  3. 
Table  XX. — Burlington  seivage  sample  series  of  November  22^  1904t  No,  2, 
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The  results  of  this  series  show  a  general  contamination  along  the 
course  upon  which  the  samples  were  located.  The  amount  of  chlorine 
is  abnormally  high  at  the  sampling  points  inside  and  to  the  south  of 
the  breakwater,  while  at  points  6  and  7  evidence  of  pollution  disap- 
pears, so  far  as  the  chlorine  is  concerned.  The  number  of  bacteria,  too, 
upon  comparison  with  the  preceding  series,  shows  that  the  water  close 
outside  the  breakwater  contains  less  organic  matter  than  that  in  series 
No.  1  for  September  22.  This  indicates  that  the  greater  part  of  the 
sewage  takes  a  broader  sweep  to  the  south  and  west  than  the  course 
followed  in  this  series.  The  fact  that  intestinal  bacteria  were  present 
in  all  samples  is,  however,  the  best  evidence  concerning  the  condition 
of  the  lake.     Sewage  pollution  is  undoubtedly  present. 

The  third  series  of  samples,  extending  northwestward  from  the  city 
to  Lone  Rock  Point,  gave  the  following  results: 

Table  XXI. — Burlington  sewage  sample  series  of  September  22^  1904,  No,  S. 
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The  amount  of  chlorine  in  the  samples  examined  in  this  series  shows 
a  generally  polluted  condition  along  the  entire  course;  while  the  num- 
ber of  bacteria  per  cubic  centimeter  is  not  significant,  the  presence 
of  colon  bacteria  in  all  samples  repeats  the  testimony  given  in  the  first 
and  second  sample  series. 

Burlington  and  Winooskl  sample  nenes  of  Septeviher  25^  190J^. — The 
next  and  final  .series  of  samples  taken  with  reference  to  the  sewage  of 
Burlington  also  included  observations  concerning  the  effect  of  Winoo- 
skl River.  Before  taking  up  the  series,  however,  a  few  observations 
must  be  made  concerning  Winooski  River  al)ove  Fort  Ethan  Allen  and 
below  the  village  of  Winooski.  In  Table  XXII  are  the  results  of  san- 
itary analyses  of  the  water  from  both  of  these  points.  The  data  show 
conclusively^  that  the  river  above  the  fort  still  retains  the  evidences  of 
pollution  which  it  has  received  at  its  source.     This  evidence  is  not  con- 
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tained  in  the  determination  of  the  amoant  and  condition  of  organic 
matter,  but  is  plainly  shown  in  the  results  of  the  bacteriological  exam- 
ination. Six  hundred  bacteria  per  cubic  centimeter  is  probably  some- 
what higher  than  should  be  present  in  the  river,  while  the  presence  of 
the  colon  bacillus  gives  undoubted  evidence  of  intestinal  pollution. 
The  sample  taken  below  Winooski  shows  an  undoubted  increase  in  the 
number  of  bacteria,  colon  being  again  present.  It  is  but  a  short  dis- 
tance from  Winooski  to  the  mouth  of  the  river,  and  the  water  discharged 
into  the  lake  is  without  doubt  in  a  condition  represented  by  the  second 
analytical  statement  in  the  table. 

Table  XXII. — Sctnitary  analyses  of  Winooski  River  water  above  Fort  Ethan  Allen  and 

below  Winooski  village. 
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The  course  followed  in  taking  the  samples  of  September  25  is  indi- 
cated in  fig.  7.  The  center  was  chosen  at  the  mouth  of  Winooski 
River,  and  from  there  three  lines  were  extended — one  to  the  northwest 
toward  Colchester  Point,  another  due  west,  and  a  third  southwest, 
swinging  around  Appletree  Point  to  Appletree  Shoal,  and  ending  in  a 
broad  curve  around  the  southern  end  of  Burlington  breakwater  at  the 
outfall  sewer  of  the  city.  The  results  of  analyses  taken  at  the  points 
chosen  servo  to  show  the  extent  of  pollution  from  Winooski  River, 
and  the  southerly  line,  designated  line  A,  is  designed  to  give  infor- 
mation concerning  any  continuity  in  the  generally  polluted  condition 
w^hich  exists  between  the  mouth  of  Winooski  River  and  the  outfall 
sewer  of  Burlington.  The  determinations  of  value  in  such  a  series 
consist  of  the  number  of  bacteria  per  cubic  centimeter  and  the  pres- 
ence of  Baelllus  coli  communis.  By  reason  of  unfortunate  circum- 
stances it  was  impossible  to  secure  more  than  the  results  of  the 
determination  of  the  presence  of  intestinal  bacteria,  but  the  evidence 
brought  out  by  this  determination  is  so  clear  and  convincing  that  it  is 
Ixjlievod  that  the  omission  does  not  weaken  in  any  way  the  evidence 
presented.     The  results  of  the  series  of  samples  taken  are  shown  in 
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Table  XXIII.  The  samples  along  the  B  and  C  lines  were  taken  at 
distances  of  about  one-half  mile,  extending  from  the  center,  while 
along  the  A  line  the  intervals  chosen  were  considerably  shorter — from 
about  one-fourth  to  one-third  mile — located  according  to  observed  con- 


PiG.  7.— Burlington  and  Winooski  sample  series  of  September  25, 1904. 

ditions  of  current  and  appearance  of  water,  and  fixed  by  intersecting 
lines  running  from  various  stationary  points.  It  will  be  noted  that 
sample  12  is  at  Appletree  Shoal,  directly  over  the  mouth  of  the  intake 
pipe. 
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Tablb  XXIII. — Examination  for  Bacillus  coli  communis  in  sample  series  of  September  ^5. 
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The  data  in  the  above  table  show  the  presence  of  intestinal  bacteria 
along  the  C  line — that  is,  along  a  line  practically  parallel  with  the  shore 
northwestward  from  the  river.  Along  the  B  line  the  bacteria  were 
absent  at  the  two  outer  sampling  points.  In  other  words,  the  condi- 
tions at  these  two  points  approach  those  of  the  normal  broad  lake. 
The  A  line  is  the  interesting  and  important  one,  as  it  .shows  a  practi- 
cally continuous  record  of  intestinal  pollution  from  the  mouth  of  the 
river  until  point  No.  9  is  reached,  directly  west  of  Appletree  Point. 
This  is  an  exposed  position  at  which  the  purifying  effect  of  dilution 
from  the  broad  lake  would  he  most  likely  to  peraist.  The  record 
further  shows  that  intestinal  bacteria  w-ere  present  at  all  sampling 
points  and  down  to  No.  15,  which  includes  the  sample  taken  at  the 
mouth  of  the  Burlington  water-intake  pipe.  From  points  Nos.  15  to 
17,  inclusive,  no  bacteria  were  noted,  but  at  points  Nos.  18,  20,  and 
21  they  were  again  isolated.  Abundant  evidence  of  the  presence  of 
this  germ  in  this  region  is  also  shown  by  the  second  and  third  sample 
series  of  September  22. 

CONCLUSIONS. 

The  data  show  clearly  that  the  sewage  of  Burlington  and  from 
Winooski  River  pollutes  practically  the  entire  shore  from  Colchester 
Point  to  Shelburne  Bay  and  includes  within  the  contaminated  area  the 
water  intake  of  the  Burlington  city  supply.  IIow  much  more  exten- 
sive the  effect  of  pollution  from  these  two  point^j  may  be,  opportunity 
was  not  afforded  to  determine.  The  area  included  within  the  investi- 
gation is  sufficiently   large  to  indicate  the  general  pollution  of  the 
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water  in  this  vicinity.  In  connection  with  the  report  on  the  early 
conditions  of  the  Burlington  water  supply  mentioned  on  pages  6&-74r,  it 
was  shown  that  evidence  concerning  the  i)ersistence  of  sewage  matter 
in  the  lake  is  particularly  elusive  and  that  the  best  method  of  identi- 
fying the  unfavorable  effects  of  Burlington  sewage  disposal  was  found 
to  be  in  the  improvement  which  was  shown  in  the  occurrence  of  intes- 
tinal diseases  in  the  city.  There  has  been  no  general  inquiry  with 
reference  to  the  abnormal  amount  of  so-called  diarrhea  in  Burlington 
since  the  investigation  made  by  Professor  Sedgwick.  Nevertheless, 
the  tj'phoid  records  in  that  city  are  not  such  as  to  inspire  confidence 
in  the  water  supply.  A  report  of  the  local  board  of  health  shows  the 
following  typhoid  records: 

Typhoid  cans  in  BurlingUmy  17.,  1900-1904' 


,r  '  CaBes  re- 
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The  record  of  deaths  from  typhoid  in  the  year  1904,  up  to  Novem- 
ber 25,  was  not  available,  and  the  report  of  the  number  of  cases  is 
probably  not  correct.  Local  officials  state  that  many  of  the  typhoid 
cases  which  have  occurred  during  the  year  1904  are  not  yet  reported 
to  the  health  officer,  and  that  when  the  final  returns  are  made  the  num- 
ber stated  above  will  be  increased  materially.  Compared  with  the 
earlier  conditions  stated  in  the  report  of  Professor  Sedgwick,  the  pres- 
ent death  rate  from  typhoid  appears  to  be  no  greater,  but,  although 
the  earlier  morbidity  statistics  are  not  available,  it  is  generally  admitted 
by  those  conversant  with  the  typhoid  history  of  Burlington  that  the 
disease  is  more  prevalent  than  formerly.  Dr.  B.  H.  Stone,  director  of 
the  laboratory  of 'hygiene  at  Burlington,  has  reported  that  33  per  cent 
of  the  daily  samples  of  Burlington  water  taken  from  the  laboratory 
tap  during  the  month  of  November  showed  the  presence  of  Bacillus 
coli  eammunis.  For  each  of  these  determinations  only  1  cubic  centi- 
meter of  the  water  was  subject  to  examination. 

Considering  the  results  of  the  sample  series  stated  in  previous  pages, 
the  degree  of  prevalence  of  typhoid  fever  in  Burlington,  and  the  results 
of  examinations  made  at  the  State  laboratory,  it  appears  to  be  unques- 
tionable that  the  sewage  of  Burlington  and  Winooski  River  is  highly 
damaging  to  the  lake  in  that  vicinity.     The  area  in  which  Bacillm  atll 
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communis  was  identified  is  much  larger  than  that  comprised  in  any  of 
tlie  other  investigations  where  specific  examination  was  made  for  evi- 
dences of  pollution.  Burlington  is  undoubtedly  the  source  of  the  most 
serious  contamination  occurring  in  the  lake. 

UPPER  END  OF  IjAKE  CHAMPIiAENT. 

SODA-MILL  AND  SEWAGE  POLLUTION. 

It  has  been  explained  that  the  investigation  of  the  effect  of  wastes 
from  the  mill  of  the  Ticonderoga  Pulp  and  Paper  Company  must  receive 
interpretation  different  from  that  involved  in  the  three  cases  treated 
on  previous  pages.  Wastes  from  the  sulphite-pulp  mill  at  Ausable 
Forks,  from  the  soda-pulp  mill  at  Willsboro,  and  from  the  city  of 
Burlington  and  Winooski  River  discharge  into  the  broad  lake  where 
the  water  is  normally  clear  and  of  excellent  physical  appearance  and 
where  the  volume  of  lake  water  affords  excellent  facilities  for  dilution 
and  sedimentation. 

That  part  of  the  lake  into  which  the  Ticonderoga  pulp-mill  pollution 
flows  is  narrow  and  shallow,  affording  far  less  opportunity  for  dilu- 
tion and  sedimentation  than  the  broad  lake.  This  condition  would 
serve  to  make  the  identification  of  wastes  less  difficult  than  in  the  case 
of  the  first  three  investigations.  On  the  other  hand,  such  identification 
is  rendered  more  difficult  by  reason  of  the  fact  that  this  part  of  the  lake 
contains  water  far  inferior  to  that  of  the  broad  lake.  Bordered  and 
underlain  by  clay,  the  water  contains  a  greater  amount  of  suspended 
material.  The  amount  of  this  material,  too,  varies  enormously.  The 
water  is  profoundly  stirred  by  high  winds  from  certain  directions,  and 
large  quantities  of  mud  from  the  bottom  and  the  banks  are  brought 
up  and  become  suspended  material.  Thus  the  condition  of  the  water 
is  largely  a  reflection  of  the  direction  and  violence  of  the  wind.  A  sec- 
ond feature  affecting  the  condition  of  the  water  is  the  amount  of  pre- 
cipitation in  the  immediate  drainage  area  surrounding  it;  after  heavy 
rains  large  amounts  of  foreign  matter  in  suspension  are  washed  into  the 
lake.  These  facts  render  the  detection  of  pollution  from  the  mill  into 
the  lake  more  complicated  than  it  would  be  if  the  water  were  like  that  of 
the  broad  lake,  and  more  than  compensates  for  the  advantages  arising 
from  the  comparatively  small  volume  of  water  into  which  the  wastes 
are  turned. 

The  soda  process  is  used  at  the  Ticonderoga  mill,  and  therefore  the 
special  features  of  the  investigation  are  similar  to  those  reviewed  in 
the  case  of  the  Willsboro  mill.  In  the  interpretation  of  results  there 
are,  however,  modifying  features  other  than  those  above  mentioned 
as  due  to  the  peculiar  characteristics  of  lake  water.  In  the  case  of 
the  Willsboro  pollution  it  was  demonstrated  that  only  the  wastes  from 
the  mill  were  to  be  considered,  no  sewage  in  perceptible  amount 
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Ijeing  demonstrated.  In  the  present  case,  however,  there  is  a  compli- 
cation which  arises  from  the  discharge  of  sewage  from  Ticonderoga 
village,  which  contains  1,911  inhabitants  (PI.  XI,  B).  There  is  also  a 
considerable  amount  of  ground  wood  which  is  wasted  from  the 
mechanical  pulp  mills  situated  on  Ticonderoga  Creek  above  the  village 
(PL  XI,  A).  These  wastes  undoubtedly  modify  the  effect  of  the  mill 
waste  and  must  be  taken  into  consideration  in  interpreting  the  results 
of  the  analyses. 

CHABACTER  OF  UPPER-LAKE  WATER. 

Before  taking  up  the  study  of  the  character  and  effect  of  the  pollut- 
ing matter,  it  will  be  necessary  to  deteimine,  as  clearly  as  possible 
under  the  existing  conditions,  just  what  is  the  normal  character  of  the 
water  in  this  portion  of  the  lake,  so  that  some  standard  may  be 
adopted  with  which  the  specific  determinations  made  for  the  purpose 
of  tracing  the  polluting  matter  may  be  comjiared.  It  will  be  seen,  on 
examination  of  the  conditions  in  this  part  of  the  lake,  that  the  selection 
of  a  point  at  which  a  normal  sample  can  be  taken  is  rather  difficult. 
At  the  head  of  the  lake  is  the  village  of  Whitehall,  containing  4,377 
inhabitants.  The  sewage  from  this  place  is  discharged  into  the  lake; 
therefore,  at  its  very  head  the  lake  is  polluted,  and  as  the  current  flows 
northward  there  must  be  some  effect  upon  that  part  of  the  lake  in  the 
region  of  Ticonderoga. 

But  the  distance  from  Whitehall  to  Ticonderoga  by  lake  is  22i 
miles,  and,  as  the  rate  of  lake  flow  is  slow,  it  is  practically  certain  that 
the  effects  of  sewage  matter  are  largely  if  not  entirely  overcome  in 
that  distance.  In  fact,  it  may  be  stated  with  confidence  that  the  only 
possible  chemical  evidence  of  Whitehall  sewage  in  the  lake  above 
Ticonderoga  Creek  will  be  the  slightly  higher  proportion  of  chlorine. 
Therefore  a  sample  taken  from  such  a  point  will  represent  practically 
the  normal  water  of  the  lake,  if  the  possibility  of  back  flow  from 
Ticonderoga  Creek  up  the  lake  be  eliminated.  Bearing  this  in  mind, 
a  sample  was  taken  one-half  mile  south  of  Chipmans  Point  (fig.  S, 
p.  101).  The  distance  from  Whitehall  to  this  sampling  point  is  11) 
miles,  and  from  the  mouth  of  Ticonderoga  Creek  3i  miles.  The 
sample  was  taken  on  August  27,  1904.  For  several  days  prevailing 
winds  had  blown  from  the  south,  and  at  the  time  of  sampling  and  for 
eighteen  hours  previous  the  wind  from  this  direction  had  been  uncom- 
monly strong.  This  fact,  together  with  the  distance  uplake  from 
the  mouth  of  the  creek,  makes  it  fairly  certain  that  no  Ticonderoga 
pollution  was  encountered. 
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The  results  of  analyses  of  this  water  are  as  follows: 

Table  XXIV. — Analysis  of  water  from  Lake  Champlain  ont-hcdf  mile  south  of  Chipmans 

Point. 

[Parts  per  million.] 


Mineral. 


SiO, 

Fe,Os-f  Al/>, 

CaO 

MgO 

Na,0 

CI 

SO, 

CO, 

O  replaced  by  CI  . . 
Total  solids  " 


11.2 
4.2 

28.07 
9.79 
4.66 
1.2 

24.4 

21.93 


104.91 


Sanitary. 


Color 

Odor 

Albuminoid  ammonia 

Free  ammonia 

Nitrites 

Nitrates 

Chlorine 

Totalsolidso 

Volatile  solids 

Per  cent  volatile 

Alkalinity 

Hardness 

Bacteria  per  cubic  centimeter. 
B.  coll  communis 


II 


1.5 

2E. 

0.116 

0.02f 

0.000 

0.030 

1.200 

109.000 

25.0 

22.9 

65.0 

80.0 

1,200 

Absent. 


u  The  difference  in  the  amount  of  residue  in  the  analyses  Is  explained  by  the  fact  that 
the  mineral  and  the  sanitary  analysis  were  not  taken  at  the  same  hour  nor  in  exactly  the 


sampleM  for 
same  place. 


The  data  set  forth  in  the  mineral  analysis  above  show  that  the 
amounts  of  lime,  magnesia,  and  silica  are  considerably  larger  than 
those  determined  in  the  water  taken  from  the  broad  lake,  while  the 
sulphates  exceed  those  previously  determined  by  a  still  greater  pro- 
portion. It  is  important  to  note  that  the  amount  of  soda  in  this  part 
of  the  lake  is  lower  than  that  shown  in  Table  III.  As  soda  is  one  of 
the  principal  constituents  of  the  waste  from  the  Ticonderoga  mill,  an 
increase  in  the  amount  of  this  substance  in  the  lake  in  the  region  about 
the  mouth  of  Ticonderoga  Creek  will  be  one  of  the  most  concise 
demonstrations  possible  concerning  the  effect  of  the  waste.  It  should 
be  borne  in  mind,  however,  that  inasmuch  as  the  calcium,  largely  in 
the  form  of  calcium  carbonate,  is  in  high  proportion  in  the  water  from 
this  end  of  the  lake,  the  alkalinity  must  be  higher  than  that  in  the 
broad-lake  water. 

Considering  the  sanitary  analysis  above  set  forth,  it  will  be  seen 
that  the  an^ount  of  dissolved  residue  is  considerably  greater  than  that 
determined  for  the  broad  lake,  while  the  proportion  of  volatile  solid»» 
is  smaller.  This  indicates  that  by  far  the  greater  proportion  of  the 
dissolved  matter  is  inorganic.  The  degree  of  hardness  which  corre- 
sponds to  the  excess  of  calcium  and  magnesium  noted  in  the  mineral 
analyses   is  considerably  higher   than  that  noted  in  the  broad- lake 
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samples.  It  will  be  noted  further  that  the  number  of  bacteria  per 
cubic  centimeter  in  this  part  of  the  lake  is  high,  while  Bacillm  coli 
communis  is  absent.  The  bacteria  found  in  the  sample  are  presum- 
ably not  of  sewage  origin,  but  accompany  the  suspended  matter  in  the 
water  and  have  their  origin  in  purely  local  and  natural  features. 

CHARACTER  OF  TICONDEROOA  CREEK  WATER  ABOVE  PULP  MILL. 

The  water  in  Ticonderoga  Creek,  as  it  emerges  from  Lake  George, 
is  clear  and  of  excellent  quality.  It  contains  10.63  parts  per  million 
of  lime,  5.31  parts  of  magnesia,  5  parts  of  silica,  and  small  proportions 
of  iron,  alumina,  and  soda.  The  sanitary  analysis  reveals  no  odor,  a 
slight  color,  practically  no  turbidity,  37  parts  per  million  of  residue, 
40  per  cent  of  which  is  volatile,  0.09  parts  of  albuminoid  ammonia, 
0.008  parts  of  free  ammonia,  no  nitrites,  0.04  parts  of  nitrates,  and 
0.05  parts  of  chlorine.  The  hardness  is  26  parts  per  million,  stated  in 
terms  of  calcium  carbonate. 

A  short  distance  below  Lake  George  the  creek  passes  two  ground- 
wood  pulp  mills  (PI.  XII,  A  and  B)^  which  formerly  discharged 
considerable  quantities  of  waste  pulp  into  the  water;  improvements 
have  been  made  recentl}^.  Upon  reaching  the  upper  limit  of  the  vil- 
lage of  Ticonderoga  the  creek  passes  over  clay  beds  and  immediately 
becomes  turbid.  This  condition  becomes  more  pronounced  as  the 
stream  passes  through  the  village  to  the  headgates  of  the  water  power 
which  operates  the  Ticonderoga  pulp  mill  (PI.  XI,  A).  Here  the 
water  has  an  offensive  appearance  and  odor,  due  to  the  refuse  turned 
into  the  creek  from  the  village  (PI.  XI,  B).  This  was  found  to  be  a 
convenient  sampling  point  to  determine  the  effects  of  sewage  on  the 
stream  without  the  complications  arising  from  the  Ticonderoga  mill 
waste,  as  all  waste  from  this  mill  is  turned  into  the  stream  some  dis- 
tance below. 
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The  following  table  contains  the  results  of  an  analysis  of  the  water 
at  this  point: 

Table  XXV. — Analysis  of  water  from  T^conderoga  Creek  below  Ticonderoga  miU  cmd 

above  chemical  ptdp  mUl. 

[Parts  per  million.] 


Mineral. 


SiOj 

Fe,0s4-A1A 

CaO 

MgO 

Na,0 

CI 

SO, 

CO2 


O  replaced  by  CI 
Total 


Total  solids,  including 
organic  matter 


50.22 


55.8 


a  Considerable. 


Sanitary. 

Total  solids 

56.0 

Albuminoid  ammonia 

Free  ammonia 

.086 
.000 

Nitrites 

.000 

Nitrates 

.050 

Chlorine 

1.5 

Hardness 

33.8 

Alkalinity 

30.0 

Bacteria  per  cubic  centimeter. 
B.  coli  communis 

72,000 
Present. 

Turbidity 

(») 

The  points  to  be  noted  in  the  above  analysis  are: 

(1)  The  increase  in  the  amount  of  lime  over  that  shown  in  the  water 
at  the  head  of  the  creek,  li  miles  away.  This  is  due  largely  to  the 
wastes  from  the  paper  mill  of  the  Ticonderoga  Pulp  and  Paper  Com- 
pany just  above.  These  wastes  consist  largely'  of  water  which  is  used 
in  the  beaters  to  wash  and  sexmrate  the  pulp  fibers,  with  a  small  amount 
of  chalk. 

(2)  The  considerable  increase  in  chlorine  over  that  at  the  head  of 
the  creek,  undoubtedly  due  to  Ticonderoga  sewage. 

(3)  The  increase  in  hardness  corresponding  in  a  measure  to  the 
increase  in  lime. 

(4)  The  enormous  number  of  bacteria  and  the  presence  of  BaciUu^i 
coli  communis^  due  to  sewage. 

(5)  The  high  turbidity  which  results  in  part  from  the  paper-mill 
waste  above  mentioned,  but  principally  from  the  clay  beds  over  which 
the  creek  runs  as  it  enters  the  village  of  Ticonderoga. 

TICONDEROGA   PULP  AND  PAPER  COMPANY. 

The  plant  of  this  company  is  located  upon  the  right  bank  of  Lake 
George  outlet  near  the  eastern  border  of  the  village  of  Ticonderoga. 
It  is  composed  of  two  parts,  one  of  which  is  largely  devoted  to  the 
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manaf actare  of  wood  pulp  from  poplar  wood  by  the  soda  proce88, 
while  in  the  other  paper  manufacturing  is  exclusivel}'  carried  on. 
From  the  former  plant  there  are  discharged  the  trade  wastes  usually 
occurring  in  this  process,  while  from  the  latter  plant  the  only  waste 
consists  of  large  volumes  of  wash  water  contaminated  to  a  very  slight 
degree  by  chalk  and  the  negligible  amount  of  chemicals  which  seem 
inevitable  in  pulp  after  it  has  been  submitted  to  the  usual  washing 
processes  in  the  pulp  mills.  A  large  part  of  the  water,  however, 
which  is  discharged  from  this  paper  mill  is  practically  pure,  it  being 
used  merely  to  bring  the  pulp  to  such  a  fluid  state  that  it  can  readily 
be  handled  in  pipes  and  wet  machines  by  pumps  or  gravity.  So  far 
U8  the  question  of  water  pollution  is  concerned,  the  main  interest  in 
the  plant  belonging  to  the  Ticonderoga  Pulp  and  Paper  Company  is 
centered  in  the  pulp  mill  (PI.  XIII,  B), 

MANUFACTURB  OP  THB  PULP. 

The  method  of  manufacturing  pulp  by  the  soda  process  has  already 
been  described  (see  pp.  24-33)  in  connection  with  the  discussion  of  the 
effect  of  the  mills  of  the  New  York  and  Pennsylvania  Company  at 
Willsboro  upon  Bouquet  River  and  Lake  Champlain.  Save  for  a  few 
minor  details  in  the  process  of  treating  the  digested  pulp,  the  descrip- 
tion there  given  is  sufficient  for  present  purposes.  The  variations  in 
the  process  of  washing  the  crude  pulp  are,  however,  sufficiently  broad 
to  make  it  advisable  to  consider  them  briefly,  in  order  that  any  differ- 
ences which  may  appear  in  the  effluents  of  the  two  mills  may  be  explained. 

The  process  of  washing  the  crude  pulp  at  Ticonderoga  differs  from 
that  at  Willsboro  in  that  there  is  no  use  of  waters  containing  weak 
solutions  from  previous  washings.  As  soon  as  the  wash  pan  is  filled 
from  the  blowpit,  the  valve  at  the  bottom  of  the  pan  is  opened  and 
the  liquid  contents  are  pumped  directly  to  the  soda- recovery  plant. 
Simultaneously  a  stream  of  fresh,  clear  water  is  turned  into  the  top  of 
the  pan.  Thus  as  fast  as  the  contents  are  drawn  off  at  the  bottom 
uncontaminated  water  takes  their  place  at  the  top,  and  as  the  strong 
soda  liquor  is  drawn  lower  and  lower  the  fresh  water  progresses  far- 
ther into  the  depths  of  the  tank,  there  being  a  fairly  strong  demarca- 
tion between  the  original  strong  liquor  and  the  wash  water.  The  end 
of  the  washing  is  noted  when  the  original  soda  liquor  is  entirely  with- 
drawn from  the  pan  and  the  wash  water  appears  at  the  lower  valve. 
Theoretically  the  contents  of  the  pan  are  then  pumped  in  the  usual 
way  to  go  through  the  more  advanced  stages  of  the  process;  practi- 
cally this  is  not  accomplished.  Large  quantities  of  wash  water  con- 
taining soda  are  diverted  from  the  pipe  leading  to  the  soda-recovery 
plant  and  discharged  into  the  tailrace  of  the  mill,  and  thence  find 
their  way  into  the  creek.  The  concentration  of  this  solution  is  not 
high,  and  varies  from  time  to  time.    Nevertheless,  the  total  amount 
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lost  in  the  courne  of  a  year  must  be  considerable,  and,  in  addition,  it 
adds  to  the  burden  of  the  stream.  In  order  to  secure  some  idea  of 
the  amount  of  soda  lost  in  this  waj'^,  four  samples  of  this  liquor  were 
collected  from  one  of  the  vats  during  the  period  of  the  washing.  The 
first  was  taken  at  the  time  the  wash  water  was  first  turned  into  the 
mill  race,  and  the  second,  third,  and  fourth  were  collected  thirty  min- 
utes, one  hour,  and  one  and  one-half  hours  later,  respectively.  The 
amounts  of  soda  in  these  samples  were  then  determined  and  found  to 
be  as  follows:  No.  1,  960  parts  per  million;  No.  2,  720  parts;  No.  3, 
628  parts;  and  No.  4,  424  parts.  The  flow  of  this  liquor  into  the  creek 
continued  for  a  considerable  time  after  taking  the  last  sample,  or  prob- 
ably a  total  period  from  start  to  finish  of  two  hours.  No  records  of 
the  amount  of  liquor  so  discharged  were  obtainable,  but  it  will  readily 
be  understood  that,  although  the  individual  samples  do  not  reveal  any 
commercially  great  amount  of  soda,  the  constant  flow  from  at  least 
one  of  the  8  wash  pans  installed  in  this  plant,  each  provided  with 
2-inch  outlet  pipes,  must  finally  result  in  a  large  loss  of  soda  and  a 
corresponding  increase  in  stream  pollution.  Whether  this  increase 
has  any  practical  deleterious  effect  remains  to  be  seen,  but  the  facts 
must  be  noted  in  connection  with  the  investigation.  A  part  of  thLs 
liquid  waste  which  is  conducted  into  the  tailrace  of  the  mill  consists 
of  organic  extractives  of  the  wood.  In  the  case  of  the  Willsboromill 
it  was  noted  that  no  organic  matter  entered  into  the  pollution  ques- 
tion. This  can  not  be  said  with  reference  to  the  waste  from  the 
Ticonderoga  mill.  At  the  beginning  of  the  diversion  of  this  liquor 
into  the  tailrace  the  color  is  high,  indicating  a  considerable  amount  of 
organic  matter,  which  upon  examination  was  found  to  be  present.  In 
comparison  with  the  sewage  which  is  turned  into  the  stream  from  the 
village  of  Ticonderoga  the  total  amount  of  the  organic  matter  thus 
emptied  into  the  tailrace  is  probably  very  small.  Nevertheless,  its 
presence  must  be  recognized  in  determining  whatever  effect  there 
may  be  upon  the  lake  by  reason  of  the  operation  of  this  mill. 

SEDIMENTATION   BED. 

Across  the  river  from  the  mill  is  a  sedimentation  bed  covering  about 
15  acres  (PI.  XIII,  A)^  into  which  the  lime  sludges  from  the  causticizing 
and  bleach-liquor  plants  and  the  black-ash  sludge  from  the  recovery 
plants  are  turned.  This  sedimentation  bed  does  not  differ  materially 
from  that  at  Willsboro.  Its  function  is  merely  to  separate  the  solid 
from  the  liquid  effluent  and  allow  the  latter  to  pass  into  the  river 
unchanged  except  by  those  variable,  natural,  and  indefinite  processes 
which  are  commonly  recognized  in  such  cases. 

This  sedimentation  bed  is  situated  on  the  site  of  what  was  formerly 
a  low,  swampy  piece  of  ground,  and  at  the  present  time  the  level  has 
been  raised  to  a  height  of  about  12  feet.    From  the  standpoiat  of 


A.    SEDIMENTATION  SEO  OF 


INDEROG*   PULP  A 


unoHTON.]  SODA-PULP    AND   8EWAOE   POLLUTION.  97 

effectivenetj^  it  probably  performs  the  work  expected  of  it,  and  there 
has  never  been  any  suggestion  that  during  freshets  in  the  spring  the 
contents  were  washed  into  the  lake.  From  the  standpoint  of  an  effi- 
cient sedimentation  bed,  planned  and  operated  according  to  scientific 
principles,  it  does  not  in  anywise  fulfill  the  requirements.  These 
objections  are  not  of  public  concern.  The  disadvantages  arising  from 
them  are  solely  those  of  lack  of  economy  on  the  part  of  the  company 
operating  the  mill.  Tests  of  the  eflluent  liquor  show  that  it  contains 
92. 7  parts  per  million  of  chlorine  and  338  parts  per  million  of  alkalinity, 
stated  in  terms  of  calcium  carbonate. 

An  interesting  feature  in  connection  with  the  establishment  of  the 
Ticonderoga  sedimentation  bed  upon  the  low  ground  east  of  the  village 
has  been  noted  in  connection  with  the  occurrence  of  malarial  diseases 
in  the  vicinity.  Previous  to  the  installation  of  the  works  such  dis- 
eases were  extremely  common  and  caused  no  little  amount  of  incon- 
venience, suffering,  and  expense.  Since  its  installation,  according 
to  the  testimony  of  physicians  practicing  in  Ticonderoga,  there  have 
been  practically  no  malarial  cases  demanding  attention.  This  effect  is 
probably  due  to  the  covering  up  of  the  stagnant  ponds  in  this  locality, 
thereby  destroying  the  breeding  places  of  the  particular  genus  of 
mosquito  which  transmits  the  organism  causing  this  disease.  While 
there  has  been  no  little  stagnant  water  collected  about  the  bed,  the 
presence  of  large  amounts  of  lime  has  been  effectual  in  either  destroy- 
ing the  mosquito  larvsB  or  preventing  the  hatching  of  the  eggs. 

EFFECT  OF  MILL  WASTES. 

BFFBCT  ON  TICX)NDEROGA  CRmK. 

The  Ticonderoga  pulp  mill  is  situated  at  the  foot  of  the  lowe^^t  fall 
on  Ticonderoga  Creek,  below  which  the  stream  is  quite  flat.  At  low- 
water  periods  there  is  practically  no  current.  Sewage  matter,  sawdust, 
and  fine  pulp  have  been  deposited  upon  the  bed  of  the  stream  in  such 
quantities  that,  with  the  exception  of  a  few  inches  just  below  the  sur- 
face, the  channel  contains  a  thick,  heavy  mass  of  suspended  matter 
extending  for  a  considerable  distance  downstream  toward  the  lake. 
Lower  down  the  water  continues  shallow  and  the  bottom  is  covered  to 
a  depth  of  at  least  1  foot  with  a  fine,  highly  organic  silt.  A  small 
steam  tug  which  draws  freight  boats  up  and  down  the  stream  forces 
its  way  through  this  mud,  the  propeller  throwing  up  the  material  and 
revealing  in  no  uncertain  manner  its  unspeakable  condition.  Bacte- 
riologists would  expect  to  find  there  an  advanced  state  of  putrefaction, 
extremely  foul  odors,  and  millions  of  bacteria  per  cubic  centimeter. 
In  point  of  fact  there  appears  to  be  little  putrefaction,  and  no  odor 
except  that  characteristic  of  the  inorganic  waste  from  the  pulp  mill. 
The  number  of  bacteria  is  102,000  per  cubic  centimeter,  far  less  than 
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might  bo  expected  under  such  conditions,  while  Bacillus  coli  conwiunis^ 
«o  abundant  in  the  river  above  the  mill,  is  absent  below. 

This  can  be  the  result  of  nothing  else  than  the  disinfecting  proper- 
ties of  the  pulp-mill  waste.  The  report  of  E.  B.  Phelps,  set  forth  in 
subsequent  pages,  shows  unmistakably  that  such  waste  is  an  excellent 
germicide.  Therefore,  while  it  may  be  detrimental  to  a  stream  not 
otherwise  polluted,  like  Bouquet  River,  the  waste  certainly  has  bene- 
ficial effects  upon  a  stream  highly  polluted  with  organic  wastes,  like 
Ticondcroga  Creek. 

The  analysis  of  water  from  Ticonderoga  Creek  below  the  outlet  of 
the  sedimentation  bed  adjoining  the  pulp  mill  gives  the  following 
results: 

Table  XXVI. — Analysis  of  water  from   Ticonderoga  Creek  below  sedimentation  bed  of 

Ticonderoga  Pulp  and  Paper  Company. 

[Parts  per  million.] 


Mineral. 


Sanitary. 


SiO, 

Fe^OjfAlA 

CaO 

MgC) 

Na./) 

CI 

SO3 

CO., 

0  replaced  by  CI  . 
Total  solids 


8.80 
4.80 

15.53 
6.64 
4.72 
2.90 
6.90 

17.19 


67.46 
1.31 


Total  solids 

Albuminoid  ammonia 

Free  ammonia 

Nitrites 

Nitrates 

i  Chlorine 

Hardnest" . . 

Alkalinity 

Bacteria  per  cubic  centimeter. 
B.  coli  communis 


66.15 


67.000 

.090 

.020 

.000 

.040 

2.800 

42.900 

32.000 

102,000 

Absent 


Com2?aris(m  of  ei'eek  waters  ahove  and  hdow  mill. — The  important 
points  of  information  afforded  by  Tables  XXV  and  XXVI  are: 

(1)  The  amounts  of  lime  and  soda.  It  will  be  noted  that  the  propor- 
tion of  these  constituents  in  the  water  taken  from  the  stream  below 
the  sedimentation  bed  is  but  slightly  greater  than  that  above  the  mill. 
It  might  be  expected  that,  inasmuch  as  there  is  a  considerable  amount 
of  soda  turned  into  the  stream  at  the  tailrace,  as  described  on  page 
9^),  and  large  quantities  of  lime  are  deposited  upon  this  sedimentation 
bed,  which  drains  directly  into  the  stream  just  above  this  sampling 
point,  there  would  be  a  corresponding  increase  in  these  compounds 
in  the  water.  The  absence  of  such  increase  is  very  remarkable  and 
seems  to  throw  doubt  upon  the  data  submitted  in  Table  XXVI.     These 
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results  are,  however^  coniirined  by  the  hardness  and  alkalinit}'  deter- 
minations in  the  sanitary  analysis.  The  former  is  only  9.1  parts  per 
million  greater  below  the  mill  than  above  it,  and  it  will  be  noted  that  a 
large  part  of  this  excess  may  be  accounted  for  by  the  increase  shown  in 
the  amounts  of  magnesia  and  sulphates.  The  alkalinity,  on  the  other 
hand,  is  greater  by  only  2  parts  per  million  l)elow  the  mill  than  above. 
This  supports  the  lime  and  soda  determinations  and  strengthens  the 
supposition  concerning  the  cause  of  the  disproportionate  increase  in 
hardness,  for,  as  is  well  known,  the  sulphates  of  the  alkaline  earths 
are  included  in  the  hardness  determination^  but  not  in  that  of  alka- 
linity. That  the  increase  in  the  amount  of  soda  is  so  slight  is  due  to  a 
variety  of  causes,  the  most  important  of  which  is  dilution  by  Lake 
George  water. 

(2)  The  proportionately*^  large  increase  in  the  amount  of  chlorine, 
which  is  plainly  not  due  to  additional  sewage  contamination,  but  to  the 
spent  bleach  turned  into  the  sedimentation  bed.  This  bleach,  as  shown 
in  the  discussion  of  the  Willsboro  mill,  still  contains  considerable 
amounts  of  chlorine. 

(3)  The  high  free  ammonia,  with  no  nitrites  and  low  nitrates,  point- 
ing in  a  general  way  to  arrested  oxidization  of  organic  matter. 

(4)  The  number  of  bacteria  per  cubic  centimeter,  already  referred 
to  on  pages  97-98,  and  the  absence  of  B.  coli  cornimmu. 

Comparison  of  creek  and  lake  waters, — It  will  be  of  advantage  now 
to  compare  the  mineral  analyses  of  the  water  taken  from  Ticonderoga 
Creek  below  the  sedimentation  bed  with  that  of  the  lake  above  the 
mfluence  of  Ticonderoga  Creek  pollution.  It  is  plain  that  the  results 
of  Ticonderoga  Creek  pulp-mill  pollution  will  be  most  prominent  and 
their  effects  most  acute  in  the  stream  just  below  the  point  at  which 
they  are  discharged  from  the  mill.  The  diflference  between  the  water 
at  this  point  and  that  of  the  normal  lake  represents  the  greatest  meas- 
ure of  influence  which  such  waste  could  possibly  have  upon  the  lake. 
It  has  already  been  demonstrated  that  the  mill  waste  consists  almost 
entirely  of  lime,  soda,  and  chlorine.  Therefore  the  excess  in  the 
amount  of  these  ingredients  in  the  water  of  the  stream  over  the  amount 
of  the  same  in  the  lake  may  be  accepted  as  an  indication  of  the  possi- 
bility of  identifying  the  waste  after  it  has  mingled  with  the  latter. 
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The  analyse8  are  set  forth  in  a  form  convenient  for  comparison 
below: 

Table  XXVII. — OomparcUive  analyses  of  vxder  from  Ticonderoga  Creek  below  sedimetitn- 
turn  bed  arid  from  Lake  Champlain  above  influence  of  creek  waier. 


Creek. 


SiO, I  8.80 

FcjOj+AljO, I  4.80 

CaO I  15.53 

MgO 6.64 


NaA 


4.72 


The  amount  of  lime  in  the  normal  water  of  the  lake  is  shown  to  be 
nearly  twice  as  high  as  that  in  the  most  polluted  portion  of  the  creek. 
Therefore  this  ingredient  must  be  left  out  of  consideration.  It  may 
be  safely  stated  that,  whatever  effect  the  Ticonderoga  pulp-mill  wa.ste 
may  have  upon  Lake  Champlain,  it  does  not  contribute  as  much  lime 
as  the  lake  already  contains. 

Although  the  amount  of  sodium  in  the  creek  water  is  slightly  greater 
than  that  in  the  lake,  the  difference  is  so  small  that,  with  the  small 
volume  of  creek  water  merged  with  the  large  volume  of  the  lake,  the 
identity  of  the  former,  so  far  as  the  amount  of  sodium  is  concerned, 
would  be  completely  lost.  Indeed,  it  is  known  that  the  alkalinity  of 
the  water  at  the  northern  end  of  the  lake  varies  by  an  amount  greater 
than  would  be  produced  by  the  above  difference  in  sodium,  even  if  such 
were  added  to  or  taken  directly  from  the  lake  water.  There  are,  it  is 
true,  similar  variations  in  the  quantity  of  sodium  found  in  the  creek 
water,  but  the  change  would  hardly  go  in  the  direction  of  higher  con- 
centration. The  creek,  at  the  time  of  sampling,  was  exceptionally 
low  and  the  concentration  of  soda  about  as  heavy  as  it  is  ever  likely 
to  become.  Therefore  the  comparison  above  made  is  an  extreme  one. 
Under  ordinary  conditions  the  soda  in  the  creek  will  be  even  less  than 
appears  in  the  above  analysis.  All  things  considered,  there  is  abso- 
lutely no  promise  in  the  determination  of  lime,  soda,  or  alkalinity,  so 
far  as  it  relates  to  the  tmcing  of  pulp-mill  waste. 

The  amount  of  chlorine  in  the  creek  appears  much  greater  than  that 
in  the  lake.  This,  then,  may  serve  as  a  specific  test  by  which  the 
waste  may  be  traced.  The  amount  of  chlorine  in  the  creek  above  the 
Ticonderoga  pulp  mill  and  just  below  the  village  was,  according  to 
the  table,  1.5  parts  per  million;  therefore  all  the  chlorine  contributed 
by  the  creek  to  the  lake  does  not  originate  in  the  mill  waste.  The  pro- 
portionate amount  from  the  mill  may  be  roughly  considered  to  be  the 
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ditfeience  between  2.9  parts  and  1.5  parts,  or  1.4  parte  per  million,  a 
smaller  amount  than  was  found  in  the  normal  lake.     Thus  it  is  shown 


L  arsbees  Landing 


0 


Scale 


1  mile 


Fio.  S.—Tloondeioga  aunplc  series  of  August  27, 1904. 

that  the  entire  amount  of  chlorine  turned  into  the  lake  does  not  origi- 
nate in  the  mill.     On  the  other  hand,  the  amount  of  chlorine  in  the 
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water  just  above  the  mill  is  pi'actically  the  same  as  that  in  the  lake, 
and  it  follows  that  if  the  waste  were  eliminated  from  the  creek  the 
creek  water  as  it  merges  into  the  lake  could  not  be  distinguished  from 
the  lake  water  by  the  chloride  test.  The  diflFerence  between  the  chlo- 
rine content  of  the  two  waters  is  therefore  due  entirely  to  pulp-mill 
waste,  and  any  identification  of  creek  water  which  may  arise  from  this 
test  may  be  charged  unmistakably  to  the  pulp  mill.  It  is  highly 
important  to  note  these  facts,  in  order  that  no  doubt  or  misconception 
may  arise  as  to  the  ellect  of  Ticonderoga  sewage  and  its  relation  to  the 
chlorine  in  the  water  of  the  lake. 

EFFECT  OF   WASTES  ON    LAKE  CHAMPLAIN. 

Sample  series  of  August  27, — Arrangements  were  made  to  collect  a 
series  of  samples  radiating  from  a  center  at  the  mouth  of  the  creek, 
along  three  lines,  A,  B,  and  C,  and  along  a  fourth  line  running  from 
a  point  one-fourth  mile  south  of  the  Rutland  Railway  bridge  to  a 
point  about  one-half  mile  north  of  Larrabee  Landing,  along  the  mid- 
channel  of  the  lake  (fig.  8).  These  samples,  as  explained  in  previous 
investigations,  will  serve  to  show  the  persistence  of  mill  waste  in  the 
lake.  Line  A  extends  from  the  mouth  of  the  river  in  a  general  south- 
easterly direction  to  a  point  one-half  mile  beyond  Chipmans  Point; 
line  B  extends  from  the  same  center  directly  across  the  lake  to  the 
opposite  shore,  while  line  C,  starting  at  the  same  point,  runs  close  to 
tiie  point  upon  which  old  Fort  Ticonderoga  stands,  and  thence  directly 
across  to  the  opposite  shore.  The  fourth  line,  which  is  designated 
"D,"  runs  as  above  described. 

The  wind  on  the  day  of  sampling,  and  for  some  days  previous, 
had  been  from  the  south,  and  at  the  time  of  sampling  was  blowing 
strong.  This  would  lead  to  the  expectation  that  the  greater  amount 
of  evidence  concerning  the  persistence  of  the  mill  waste  would  appear 
in  the  lake  to  the  north  of  the  creek.     The  results  are  shown  in  Table 

xxvm. 
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T AB LK  XXVIII. — Tiamderoga  sample  series  of  A  ugnst  J7 ,  1904, 

[PartR  per  million.] 


A  LINE. 
Sampling  point. 

Chlorine. 

1 
1 

i 

C  LINE. 

Sampling  point. 

Chlorine. 

Center  . 

2.8 
1.5 
1.8 
1.9 
1.7 
1.1 
1.2 

Center 
C-1... 
C-2... 
C^3... 
CM... 
C-5... 

2.8 

A-1 

3.0 

A-2 

2.4 

A-3 

2.4 

X-A 

A-5 

2.1 
2.2 

A-6 -- 

B  UNE. 

D  LINE. 

Sampling  point. 

Chlorine. 

2.8 
1.8  ' 
1.9 
1.9 
1.9 

1 

D-1 . . . 

Sampling  point. 

Chlorine. 

Center 

2.2 

B-1 

D-2... 
'  D-3... 
!  D-4... 

2.2 

B-2 

2.2 

B-3 

1.7 

B-4 

The  samples  taken  along  line  A  show  the  persistence  of  the  waste 
in  that  portion  of  the  lake  south  of  the  creek.  In  view  of  the  fact 
that  the  lake  flows  norths  and  that  the  wind,  previous  to  sampling,  was 
from  the  south,  the  appearance  of  abnormal  chlorine  in  the  direction 
opposite  to  that  of  the  wind  and  the  natural  flow  gives  exceptionally 
strong  evidence  concerning  the  effect  of  the  mill  waste  upon  the  lake. 
That  this  atmormal  chlorine  has  no  other  origin  is  shown  by  the  fact  that 
the  samples  taken  at  points  5  and  6  (fig.  8),  3^  miles  to  the  south  of  the 
creek,  contained  the  normal  amount.  No  sources  of  pollution  appear 
between  points  4  and  5  to  account  for  the  increase.  Line  B  gives 
evidence  similar  to  line  A,  while  along  line  C  the  effects  of  the  wind 
in  blowing  the  waste  northward  from  the  mouth  of  the  creek  are 
clearly  shown.  The  evidence  given  by  the  determinations  along  line 
D  is  corroborative. 

The  wastes  from  the  mill  of  the  Ticonderoga  Pulp  and  Paper  Com- 
pany, situated  on  Ticonderoga  Creek,  persisted  in  Lake  Champlain 
on  August  27,  1904,  a  distance  of  at  least  li  miles  south  of  Ticon- 
deroga Creek  against  wind  and  current,  and  were  plainly  apparent 
nearly  3  miles  down  the  lake.  How  much  farther  in  the  latter  direc- 
tion the  evidence  might  have  been  procured  is  not  known.  The  dis- 
tance traversed  is  sufficient  for  all  purposes. 
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Sample  series  of  SepteirJber  P. — Another  series  of  samples  was  taken 
on  September  9,  1904,  in  order  to  verify  or  disprove  the  existence  of 
the  general  conditions  shown  in  the  series  of  August  27.  The  con- 
ditions under  which  the  later  work  was  done  were  similar  in  all  essen- 
tial respects  to  those  of  the  earlier  work,  except  that  the  wind  was 
blowing  a  gale  from  the  north.  The  surface  current  was  then  opposed 
to  that  known  to  exist  at  depths  below  the  influence  of  the  wind.  An 
opportunity  was  thereby  afforded  to  contrast  the  course  taken  by  the 
mill  waste  under  conditions  extremely  different  from  those  in  the  fii-st 
series. 

Before  considering  the  series  of  samples,  it  will  be  advisable  to  con- 
trast the  characteristics  of  the  water  in  the  creek  and  in  the  lake 
above  the  influence  of  creek  pollution.  The  alkalinity  and  chlorine 
contents  in  the  water  of  the  creek  above  and  below  the  pulp  mill  and 
in  the  lake  at  point  9,  line  A  (fig.  9),  are  shown  in  the  following 
table: 

AUcaUfdty  and  chlorine  in  Ticonderoga  Creek  and  Lake  Champlam^ 

[Parts  per  million.] 

Alka- 
linity. 


Ticonderoga  Creek  above  palp  mill 1.2  27 

Ticonderoga  Creek  below  sedimentation  bed 6.0  31.5 

Lake  at  point  9,  line  A .9  77 

—  * 

It  will  be  noted,  by  comparing  the  above  results  with  those  obtained 
at  similar  points  in  the  series  of  August  27,  that  the  water  from  the 
creek  above  the  pulp  mill  and  that  in  the  normal  lake  do  not  differ 
essentially  in  respect  to  chlorine  and  alkalinity,  but  the  amount  of 
chlorine  is  considerably  larger  in  samples  taken  below  the  sedimenta- 
tion bed  on  September  9  than  on  August  27.  This  may  be  explained 
entirely  by  the  varing  conditions  in  the  mill  and  in  the  sedimentation 
bed.  In  the  treatment  of  bleaching  powders  in  the  mill  it  is  the  inten- 
tion, as  explained  on  previous  pages^  to  remove  from  that  powder  all 
the  available  chlorine.  In  practice,  however,  this  is  not  done,  and  there 
always  remains  a  small  amount  of  chlorine  in  the  lime  sludge  which  is 
turned  into  the  sedimentation  bed.  This  amount  varies  within  limits 
greater  than  those  indicated  by  the  determination  of  (*hlorine  in  the  water 
taken  from  the  creek  below  the  sedimentation  bed  in  the  two  series. 
The  condition  of  the  sedimentation  bed,  too,  might  suffice  to  explain 
this  difference.  It  is  impossible,  in  the  intelligent  management  of  a  sedi- 
mentation bed  of  the  chai'acter  of  that  installed  at  Ticonderoga,  to  turn 
the  waste  always  in  the  same  direction  upon  the  bed.  On  one  day  the 
liquid  waste  may,  by  reason  of  inequalities  in  the  surface  of  the  bed, 
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take  a  long  detour  around  the  bed  or  be  largely  held  back  by  deposits 
of  sludge;  on  another  day  the  course  of  the  waste  from  the  head  of  the 
sedimentation  bed  to  the  outlet  at  the  foot  may  be  more  direct,  and 


Fig.  9.— Ticofiderufira  sample  series  of  September  9, 1904. 

large  amounts  of  liquor  may  be  emptied  into  the  stream  within  a  short 
period.  These  facts  are  easily  demonstrated  by  observing  the  surface 
of  the  bed  and  the  direction  of  the  currents  over  it. 
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This  great  excess  in  the  amount  of  chlorine  in  the  water  of  Ticonde- 
roga  Creek  below  the  sedimentation  bed,  over  that  observed  in  the 
previous  series,  does  not  vitiate  any  of  the  conclusions  drawn  from  the 
results  of  the  determinations  in  that  series.  As  long  ss  the  compara- 
tive values  in  each  series  are  kept  in  mind  and  allowed  for,  the  varia- 
tion in  either  of  the  constituents  from  series  to  series  does  not  affect 
the  interpretations.  The  problem  in  hand  is  one  of  comparative  val- 
ues rather  than  absolute  ones,  and  such  comparisons  can  be  made 
equally  as  well  under  diverse  conditions,  so  long  as  these  conditions  are 
determined. 

It  will  be  seen  in  this  series  that  the  difference  between  the  amount 
of  chlorine  in  creek  water  above  the  pulp  mill  and  that  in  the  lake  at 
point  9,  line  A,  is  only  a  small  amount,  and  if  the  waste  were  excluded 
from  the  creek  the  water  of  the  creek,  when  merged  into  that  of  the 
lake,  could  not  be  identified  by  the  chlorine  determination.  This 
assumption  is  identical  with  that  stated  in  the  first  series.  The  fact 
that  a  large  amount  of  chlorine  was  found  in  the  creek  water  below 
the  sedimentation  bed  renders  the  problem  of  identification  in  the  lake 
simpler  than  in  the  first  series.  It  is  apparent  that  almost  all  the 
excess  of  chlorine  in  the  creek  water  as  it  discharges  into  the  lake  is 
due  to  the  pulp  mill,  and  the  determination  of  this  chlorine  at  the  various 
points  along  the  sample  lines  is  specific.  In  considering  the  sample 
series  of  September  9,  it  should  be  borne  in  mind  that,  as  the  wind  was 
blowing  from  the  north,  the  effects  of  the  waste  to  the  south  of  the 
creek  should  be  more  apparent  than  in  the  series  of  August  27.  The 
following  table  gives  the  results  of  the  chlorine  determinations  along 
lines  A  and  B,  shown  in  fig.  9. 

Table  XXIX. — Ticonderoga  sample  series  of  September  9,  1904. 

AUNE. 


Sampling  point. 

Chlorine. 

1 

,                    Sampling  point. 

1 

Chlorine. 

Center 

8.8 

3.1 

!         2.9 

!        2.9 

7.6 

1 

1 

A-5 

i.a 

A-1 

A-6 

A-7 

A-8 

1.4 

A-2 

1.0 

A-3 

1.1 

A-4 

A-9 

.^) 

B  UNE. 

• 

Center 

8.8 
2.9 
2.6 

B-3 

B-4 

2.5 

B-1 

B-2 

2.9 

iKioHTONj  SODA-PULP    AND   SEWAGE    POLLUTION.  107 

It  will  be  noted,  on  examination  of  the  data  given,  that  the  evidcncen 
of  Tioonderoga  Creek  pollution  are  apparent  as  far  south  as  sampling 
point  6,  opposite  Chipmans  Point.  The  distance  from  the  creek 
mouth  to  Chipmans  Point  is  about  3  miles.  This  is  probably  as  far 
as  the  evidence  of  pulp-mill  pollution  existed  on  the  day  of  sam- 
pling, for  at  point  7,  about  one-fourth  mile  south  of  Chipmans 
Point,  the  amount  of  chlorine  is  normal.  Considering  line  B,  it  will 
be  noted  that  marked  evidences  of  pollution  extend  as  far  as  the  sam- 
pler were  collected.  This  in  spite  of  the  fact  that  for  a  considerable 
period  a  heavy  wind  f  I'om  the  north  had  been  blowing  so  strongly  that 
it  made  a  farther  extension  of  the  line  of  samples  hazardous  to  the 
collectors.  The  persistence  of  this  chlorine  down  the  lake  does  not 
necessarily  show  that  the  water  of  the  creek  had  proceeded  against 
the  wind  up  to  point  4,  but  that  the  lake  in  that  region  and  for  a  con- 
siderable distance  to  the  north  contains  a  high  amount  of  chlorine  due 
to  the  constant  pouring  out  of  waste  from  Ticonderoga  Creek,  and 
that  the  condition  along  the  entire  lake  to  the  north  has  become 
general. 

The  sample  series  of  September  9  corroborates  that  of  August  27, 
and  gives  assurance  that  the  waste  from  the  Ticonderoga  pulp  and 
paper  mill  exerts  a  considerable  influence  up  and  down  the  lake  from 
the  mouth  of  Ticonderoga  Creek.  That  this  should  be  the  case  is  not 
surprising.  As  has  already  been  stated,  the  lake  in  this  region  is  nar- 
row and  shallow,  and  its  power  to  conceal  foreign  matter  is  far  less 
than  that  of  the  broad  lake  opposite  the  mouth  of  Bouquet  River.  It 
may  be  safely  stated,  then,  that  the  eflfect  upon  the  lake  of  Ticonderoga 
Creek,  with  its  burden  of  pollution,  is  unmistakable. 

CONCLUSIONS. 

The  determination  of  whether  the  waste  from  the  Ticonderoga  pulp 
mill  may  be  identified  in  the  lake  is  but  a  part  of  the  problem  concern- 
ing which  the  investigation  was  made.  Having  shown  that  the  wastes 
do  persist  in  the  lake,  it  becomes  necessary  to  consider  whether  or 
not  such  wastes  have  a  deleterious  effect.  It  has  been  maintained  on 
previous  pages  that  the  waste  from  a  soda-pulp  mill  is  entirely  inor- 
ganic, and  the  experiments  which  were  made  in  connection  with  waste 
from  the  Willsboro  mill  fully  substantiate  this  claim.  It  has  also 
been  shown  that  the  waste  from  the  Ticonderoga  mill  is  practically 
the  same  as  that  from  the  Willsboro  mill.  Therefore  the  decision 
concerning  the  possible  deleterious  effect  of  this  waste  on  the  lake 
must  be  based  upon  the  influence  which  lime,  soda,  and  chlorine  would 
have  on  the  water. 

The  analytical  statements  on  previous  pages  have  demonstrated  that 
the  amount  of  lime  and  soda  in  the  creek  at  the  point  at  which  it  is 
most  concentrated  is  less  than  that  which  normally  occurs  in  the  lake. 
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This  was  clearly  shown  by  the  actual  determinations  of  lime  and  soda 
and  by  repeated  determinations  of  alkalinity.  Therefore  it  is  a  safe 
assumption  that  the  amount  of  these  substances  discharged  from  the 
sedimentation  bed  and  from  the  mill  does  not  in  any  way  affect  the 
lake  water.  Hence  the  only  possible  deleterious  effect  which  the  mill 
wastes  could  have  upon  the. lake  results  from  the  increased  amount 
of  chlorine  which  has  been  shown  to  be  imparted  to  the  water. 

Chlorine  occurs  in  water  usually  in  the  form  of  common  salt.  This 
is  almost  invariably  true  in  the  waters  of  the  northeastern  part  of  the 
country,  and  there  is  no  doubt  that  the  chlorine  derived  from  the 
Ticonderoga  pulp  mill  is  instantly  converted  into  sodium  chloride  as 
soon  as  it  mingles  with  the  water.  Now,  what  deleterious  effect  can 
be  produced  by  this  amounl  of  sodium  chloride?  In  the  most  concen- 
trated condition  in  which  it  has  been  discovered  the. amount  may  still 
be  called  extremely  low.  The  majority  of  healthful  water  supplies  in 
the  United  States  contain  far  greater  proportions  of  salt.  It  is  true 
that  the  amount  of  salt  in  a  water  above  the  normal  for  the  region  is 
usually  considered  by  sanitarians  as  an  indication  of  sewage  pollution, 
but  in  the  present  case  it  has  been  shown  that  the  amount  of  salt 
derived  from  sewage  pollution  in  Ticonderoga  Creek  is  not  greater 
than  that  which  occurs  in  the  lake.  In  other  words,  it  is  certain  that 
the  source  of  the  excess  chlorine  is  the  pulp  mill.  As  such  it  can  in 
no  wise  be  harmful.  The  increase  in  chlorine  indicated  is  by  no  means 
sufficient  to  make  its  presence  known  to  the  taste,  nor  can  it  in  any  way 
affect  deleteriously  any  substance  already  within  the  water.  Sodium 
chloride  is  a  most  stable  salt,  and  years  of  research  have  shown  that, 
except  under  peculiar  circumstances  which  never  take  place  in  this 
part  of  the  country,  it  remains  in  its  original  condition  though  almost 
every  other  ingredient  of  the  water  be  changed.  The  inevitable  con- 
clusion must  therefore  be  that  the  waste  from  the  Ticonderoga  pulp 
mill  is  in  no  wise  detrimental  to  Lake  Champlain. 

GEKEBAI^  CONDITIONS  IN  IiAKB  CHAMPIiAIN. 

ALGiB. 

The  statement  has  repeatedly  been  made  that,  as  a  result  of  the 
discharge  of  foreign  material  into  Lake  Champlain,  there  is  a  super- 
abundance of  algje  of  the  offensive  species.  In  fact,  this  has  been  con  - 
sidered  one  of  the  main  points  of  evidence  in  support  of  the  charge 
that  the  lake  is  being  damaged  by  municipal  and  industrial  wastes. 
Therefore  it  was  believed  necessary  to  give  as  much  attention  as  pos- 
sible to  this  phase  of  the  question.  It  was  impossible  to  undertake 
the  refined  series  of  experiments  necessary  for  a  final  opinion  on  this 
point,  but  sufficient  observations  were  made  to  permit  certain 
generalizations. 
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GENERAL  CONDITIONS  OF  EXISTENCE. 

Nearly  all  quiescent  surface  waters  contain  microscopic  organisms 
in  large  numbers.  The  occurrence  of  these  organisms  in  such  watei-s 
is  as  natural  as  the  occurrence  of  fish.  They  take  their  place  in  the 
flora  and  fauna  of  water  life  as  inevitably  as  do  the  water  lily,  the 
tadpole,  the  eel,  or  the  brook  trout  The  mere  presence  of  algse  in  a 
water  is  certainly  not  evidence  of  any  unnatural  feature.  On  the 
contrary,  their  absence  would  be  unique.  Therefore  the  supposition 
that  because  of  a  superabundant  growth  of  algae  along  the  shores 
of  a  lake  there  must  be  polluting  material  turned  into  the  water  is 
unfounded. 

There  are  many  varieties  of  algee.  A  sample  of  water  from  almost 
any  lake  will  reveal  numerous  kinds.  Nevertheless,  they  have  a  sea- 
sonal distribution.  For  example,  a  certain  species  may  be  found  in 
abundance  in  spring  and  in  only  small  numbers  in  summer  or  autumn; 
likewise,  a  different  species  may  be  scarce  or  absent  in  spring  but 
especially  numerous  in  summer  or  fall.  Similarly,  a  certain  kind  of 
alga  may  be  abundant  during  one  year,  but  scarce  during  the  next 
year  or  a  cycle  of  years  thereafter.  These  variations  may  be  due  to 
causes  quite  as  natural  as  those  which  bring  about  similar  fluctuations 
in  the  potato,  com,  wheat,  or  cotton  crops.  The  fact  that  a  certain 
troublesome  alga  appears  along  the  shores  of  a  lake  during  several 
seasons  in  greater  abundance  than  in  former  years  can  by  no  means  be 
attributed  offhand  to  any  change  artificially  made  in  the  character  of 
the  water. 

Some  organisms  thrive  under  certain  conditions  of  water;  therefore 
the  presence  of  such  organisms  in  exceptional  numbers  may  be  taken 
as  an  indication  of  those  conditions.  On  the  other  hand,  the  absence 
of  these  forms  may  in  many  cases  be  interpreted  as  an  evidence  of  the 
nonexistence  of  those  conditions. 

Algse  die  out  unless  food  material  is  present,  and  increase  in  num- 
ber as  the  food  is  increased.  Organic  matter,  by  its  oxidization,  sup- 
plies carbon  dioxide  and  nitrates,  which  are  favorite  food  for  algae. 
Therefore,  other  things  being  equal,  anything  which  would  increase 
or  decrease  these  products  would  have  a  consequential  effect  upon  the 
number  of  algae. 

Algae  impart  .certain  appearances,  odors,  and  tastes  to  the  water. 
Some  of  these  features  are  the  result  of  life  processes  of  the  organisms, 
while  others  are  due  to  the  products  of  their  death  and  decay.  These 
odors  and  tastes  have  no  relation  to  any  polluting  material  that  might 
be  placed  in  the  water,  but  occur  everywhere  that  the  organisms  flour- 
ish, whether  it  be  in  the  high  mountain  lake  with  no  suspicion  of 
artificial  contamination,  or  in  a  stagnant  pond  which  receives  city 
sewage. 
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ALG^   IN   LAKE   CHAMPLAIN. 

The  condition  of  Lake  Champlain  during  the  summer  of  1904  was 
not  such  as  to  lead  the  observer  to  believe  that  it  was  abnormally 
infested  with  water  organisms.  It  is  true  that  they  were  abundant., 
especially  during  the  latter  part  of  Aug«ust,  but  no  more  than  the 
natural  conditions  would  warrant.  To  the  rocks  along  the  sheltered 
shores  there  was  attached  a  thick  carpet  of  Spirogyra^  which  gave  to  the 
water  an  offensive  taste  and,  as  the  lake  receded,  was  left  to  rot  and  dry 
in  the  sunl  Whether  or  not  this  alga  was  made  more  abundant  by  the 
organic  wastes  from  Ausable  River  and  Burlington  than  it  would 
have  been  if  these  sources  of  pollution  were  absent  is  not  known. 
Certainly  the  alga  did  not  occur  in  greater  profusion  than  in  other  lakes 
which  are  known  to  be  pure.  During  the  earlier  part  of  the  summer 
the  alga  Ulothrix  was  found  upon  the  rocks  in  considerable  quantity. 
As  Spirogyra  and  Ulothrix  appeared  to  be  the  organisms  which  give 
cause  for  complaint,  it  was  determined  to  make  as  comprehensive  tests 
of  the  effect  of  the  soda  and  sulphite  wastes  upon  them  as  time  and 
facilities  would  allow.  The  tests  reported  have  not  the  linality  of  a 
detailed  investigation,  but  they  serve  to  show  certain  general  facts. 

EFFECT  OF  MILL   WASTE   ON  ALGiB. 
EXPERIMENT  1. 

The  alga  known  as  Ulothrix  was  collected  from  the  shores  on  the 
west  side  of  the  lake  and  placed,  with  the  stones  to  which  it  was 
attached,  in  pails  filled  with  lake  water.  This  was  done  on  August  3, 
1904,  and  the  plants  were  allowed  to  grow  until  August  10,  at  which 
time  they  were  in  a  healthy  condition,  in  no  case  being  killed  or 
stunted  by  reason  of  their  transference  from  the  lake  to  the  pails. 
The  water  in  which  the  plants  were  growing  was  then  treated  with 
effluent  from  the  sedimentation  bed  of  the  Willsboro  mill,  as  follows: 
One  pail  left  untreated  for  control;  second  pail  mixed  in  the  proportion 
of  1  part  of  waste  to  25  parts  of  water;  third  pail,  1  part  of  waste  to 
100  of  water;  fourth  pail,  1  part  of  waste  to  1,000  of  water;  fifth  ^il, 
1  part  waste  to  5,000  of  water. 

On  August  16,  six  days  after  this  treatment,  the  growth  in  the 
untreated  specimen  continued  normal;  that  in  the  1  to  5,000  solution 
appeared  somewhat  bleached;  the  1  to  1,000  specimen  was  markedly 
damaged,  while  th^  stones  in  all  the  other  pails  were  clean. 

EXPERIMENT  2. 

An  experiment  similar  to  the  one  above  outlined  was  commenced 
upon  Spirogyra  on  October  18.  The  plant  is  extremely  rugged  in 
character,  and  that  selected  for  experiment  was  in  excellent  condition. 
Dilutions  of  waste  were  made  the  same  as  in  the  previous  experiment. 
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At  the  end  of  two  days  the  algsB  in  the  paii  containing  the  solution  in 
the  proportion  of  1  to  25  were  dead,  while  at  the  end  of  two  weeks  all 
the  others  had  been  killed  except  the  specimen  in  the  dilution  of  1  to 
5,000,  which  had  been  markedly  bleached  and  was  in  an  unhealthy 
condition.     Those  in  the  untreated  pail  were  vigorous. 

BACTERIA. 
EFFECT  OF  MILL  WASTES. 

SAMPLES  FOR  TBBTINO. 

In  order  to  test  the  effect  of  this  waste  on  bacteria  in  general  and 
on  the  specific  germs  of  disease,  three  samples  were  sent  to  Mr.  C-E. 
A.  Winslow,  of  the  bacteriological  department  of  the  Massachusetts 
InaStitute  of  Technology,  and  by  him  were  turned  over  to  Mr.  Ektrle  B. 
Phelps  for  investigation.  The  report  of  Mr.  Phelps,  dated  October 
11,  1904:.  follows: 

REPORT  OF  MR.  EARL   B.  PHELPS. 

Sib:  Last  Auii^nst  you  sent  to  Mr.  C-E.  A.  Winslow  three  small  bottles  of  liquid 
marked  "Effluent  from  sedimentation  bed,  soda  process  pulp  mill/'  with  a  request 
that  they  be  examined  as  to  their  germicidal  properties,  in  order  to  determine  the 
probable  effect  of  the  discharge  of  such  a  liquor  into  a  stream.  This  work  was  turned 
over  to  me  by  Mr.  Winslow,  and  I  have  the  following  report  to  make  upon  the 
results  of  my  investigation  upon  this  waste  liquor.  At  Mr.  Winslow's  suggestion 
the  following  tests  were  made: 

(1)  Physical  examination,  determination  of  aikalmity,  and  of  numbers  of  organ- 
isms in  the  samples  as  received. 

(2)  Effect  of  liquor  on  mosquitoes  {Culex),  larvae  and  pupae. 

(3)  Effect  of  liquor  on  the  bacteria  in  sewage;  (a)  Germicidal  action  on  the  oi>:an- 
isms  of  sewage  which  grow  upon  gelatine;  (b)  Effect  on  the  putrefaction  of  sewage 
as  measured  by  the  ''incubator  test" 

(4)  Effect  of  liquor  on  specific  disease  germs;  (a)  ^.  typhosus;  (h)  B.  anthracis 
(spores). 

The  samples  as  received  by  us  differed  among  themselves,  and  we  are  informed  by 
you  that  this  is  the  normal  variation  to  be  expected  in  the  liquor.  I  therefore  car- 
ried  out  all  the  tests  upon  either  two  of  the  samples  or  upon  all  three  of  them. 

Determinations. — ^The  first  sample,  which  I  have  called  A,  was  a  clear,  almost  col- 
orless liquid,  possessing  a  very  faint  empyreuroatic  odor.  Plated  out  on  algse  and 
allowed  to  develop  at  37°  C.  for  forty-eight  hours,  it  was  found  to  contain  10  bacteria 
per  centimeter.    It  was  alkaline  in  reaction  to  the  amount  of  3.4  per  cent  normal. 

The  second  sample,  B,  was  decidedly  turbid  and  of  a  pale-yellow  color;  no  odor. 
It  contained  2,100  bacteria  per  centimeter  and  its  alkalinity  was  equal  to  2.8  per  cent 
normal. 

The  third  sample,  C,  was  colorless  and  odorless  and  was  found  to  contain  13  bac- 
teria per  centimeter  and  to  have  an  alkalinity  of  3.6  per  cent  normal. 

Ij^ect  on  mosquitoes, — In  a  mixture  of  equal  parts  of  tap  water  and  liquor,  some 
larvae  and  pupae  lived  for  eight  hours,  although  the  majority  died  during  that  period. 
The  liquor  was  observed  to  form  a  heavy  flocculent  precipitate  when  mixed  with  the 
water,  and  no  doubt  carried  down  with  it  any  food  material  which  might  have  been 
present;  the  larvae  were  seen  grubbing  upon  this  heavy  precipitate  in  an  endeavor 
to  feed.     It  is  very  possible  that  they  may  have  been  simply  starved  out  rather  than 
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killed  by  any  XKiisonouB  effect  of  the  liquor.  Several  full-grown  pnpse  were  placed  in 
the  undiluted  liquor,  in  which  they  lived  for  about  thirty  hours.  I  had  previously 
found  that  both  larvse  and  pupae  of  Culex  thrive  in  a  fairly  strong  solution  of  uranic 
acetate  if  food  be  presented. 

Germicidal  effect  on  Hvxige  houAeria, — I  plated  out  a  sample  of  Boston  sewage  and 
then  mixed  some  of  the  sewage  with  var>dng  proportions  of  the  liquor.  The  tubes 
thus  prepared,  together  with  a  control  tube  of  sewage  alone,  were  set  aside  for  six 
hours;  then  they  were  plated  out  and  the  number  of  bacteria  determined.  This 
experiment  was  made  with  both  A  and  B.  It  was  necessary  to  take  into  account 
also  the  original  number  of  bacteria  present  in  the  liquor,  these  being  greatly  differ- 
ent in  the  two  samples.    The  results  of  this  test  are  given  in  Table  XXX. 

Table  XXX. — Germicidal  acHon  of  the  sodormiU  waste  liquor  upon  the  orgaman  of 

sewage. 


Per  cent  of  liquor 

by  volume  in 

mixture. 

Number  of  bacteria. 

.<  _j_. 

Initial  number. 

Final  number  after  6 
hours. 

Per  cent  ui  rvuuc- 
Uon. 

Ckmtrol  (0) 

270.000 

290,000 

8a 

A. 

B. 

A. 

B. 

-A. 

B, 

60 

135,000 
45,000 

136,000 
48,000 

1,400 
600 

2,400 
1,200 

90.0 
98.7 

98.2    ! 

80 

97.5 

1 

a  Increase. 

Note.— The  initial  number  under  A  and  B  is  calculated  from  the  number  in  the  sewage  itself  and 
in  the  two  samples  of  liquor,  as  already  given. 

The  results  here  found  are  somewhat  peculiar  in  that  with  a  greater  addition  of 
liquor  the  percentage  reduction  in  numbers  is  less.  This  may  be  explained,  perhaps, 
by  the  presence  of  organisms  in  the  liquor  itself.  These  organisms  doubtless  can 
withstand  the  action  of  the  liquor  and  multiply  rapidly  when  that  liquor  is  mixed 
with  sewage.    The  reduction  in  numbers  is  seen  to  be  great  in  any  case. 

The  ''incubator  test,"  so  called,  is  used  to  determine  whether  or  not  putre&u;tion 
will  take  place  within  the  sewage  or  effluent  under  certain  laboratory  conditions. 
A  determination  of  the  ''oxygen  consumed''  is  first  made  on  the  sample.  A  small 
glass-stoppered  bottle  is  then  filled  completely  with  the  sewage,  stoppered  up,  and 
placed  in  an  incubator  kept  at  a  certain  definite  temperature.  I  used,  for  conven- 
ience, 37°  for  five  days.  The  oxygen  consumed  is  again  determined.  If  nitrifactive 
decomposition  has  taken  place  the  organic  matter  is  thereby  rendered  less  stable  and 
is  more  readily  oxidized.  Hence  an  increase  in  the  oxygen  consumed  during  the 
incubation  is  an  indication  of  putrefaction  having  taken  place.  This  test  was  applied 
to  a  series  of  samples  containing  varying  amounts  of  the  paper-mill  liquor,  together 
with  a  control  contaming  no  sucH  liquor,  ana  the  results  are  given  m  Table  XXXI. 
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Table  XXXI. — ^eci  of  ^jda-miU  inuUe  Uqtwr  upon  the  putrefaction  of  sennige  as  shown 

by  the  **incubaU)r  test.** 

[PartD  per  million.] 


Per  cent  of  liquor 
in  mixture. 

Ozyjren  connumed. 

1 

Control 

A. 

B. 

c.              ' 

Initial. 

Final. 

50 
39 
57 

Initial. 

Final. 

InltUI. 

Final. 

1 

0 

33 
38 
33 

33 
40 
33 

50 
41 
52 

33 
34 
33 

50 
36 
55 

10....: 

1 

It  appears  from  these  figures  that  the  liquor  almost  entirely  prevents  the  putrefy- 
ing activity  of  the  oiganisms  when  10  per  cent  is  present,  but  that  if  present  in  only 
8mall  amounts  it  slightly  increases  the  putrefaction.  This  result  may  be  due  to  its 
alkaline  reaction,  by  which  it  neutralizes  the  acid  products  formed  and  allows  the 
organisms  to  work  with  less  interference  from  their  own  by-products. 

Effect  on  specific  disease  germs. — I  have  also  tested  the  germicidal  power  of  this  waste 
liquor  upon  certain  specific  disease  germs,  namely,  BadUus  typhosus  and  spores  of 
Bacillus  anthracis, 

(a)  Bacillus  typhosus. 

A  four-day  broth  culture  of  this  organism  was  diluted  and  treated  with  varying 
amounts  of  the  liquor.  At  the  end  of  six  hours  these  cultures  were  plated  out  on 
agar  with  proper  dilution  and  grown  fifteen  hours  at  37°  C.  The  results  are  given 
in  Table  XXXIl: 

Tabuc  XXXII.  — Oermicidal  action  of  the  soda-pulp-miU  waste  liquor  upon  Bacillus 

typhosus. 


Per  cent  of  liquor  In 
mixture. 

Initial  number. 

Final  number. 

Ck)ntrol  (0) 

34,000,000 

120, 000, 000 

"A." 

••B." 

50 

10 

1 

17,000,000 
31,000,000 
34,000,000 

0 

0 

1,300 

0 
0 
0 

The  liquor  is  seen  to  have  a  very  strong  germicidal  action  upon  Bacillus  typhosus 
even  in  quite  dilute  solution. 
( b )  Bacillus  anthracis  ( spores ) . 
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A  24-hour  broth  culture  of  this  oi^ganism  was  heated  to  80°  G.  for  fifteen  minutef* 
to  kill  vegetative  cells.  This  culture  was  then  treated  exactly  as  was  the  typhosus 
culture,  with  the  results  given  in  Table  XXXIII: 

Tablb  XXXIII. — Oermicidal  action  of  the  soda'pulp-mill  ivagte  liquor  upon  BadUtu 

arUhrtzcis  (spores). 


Per  cent  of  liquor  in 
mixture. 

Initial  number. 

Final  number. 

Control  (0) 

9,600 

460,000 

"A." 

"C." 

50 

10 

1 

4,800 
8,000 
9,500 

0 
110,000 
125,000 

0 
190,000 
200,000 

These  figures  show  that  in  a  50  per  cent  solution  the  BadUus  arUkracis  are  all  killed, 
but  that  in  the  greater  dilution  there  is  a  considerable  growth  of  this  organism. 

Conclusions. — ^To  summarize,  it  appears  that  for  some  bacteria  the  effluents  studied 
have  marked  germicidal  power.  £ven  1  per  cent  is  fatal  to  BaciUus  typhoms  in  six 
hours.  This  strength  of  solution,  however,  rather  favors  the  activity  of  ordinary 
putrefactive  bacteria.  In  10  per  cent  solution,  on  the  other  hand,  putrefactive  proc- 
esses are  checked,  although  BaciUus  anthracis  can  still  multiply.  In  50  per  cent 
effluent  liquor  anthrax  spores  are  killed  and  over  98  per  cent  of  common  sewage  bac- 
teria are  destroyed.  The  same  solution  is  fatal  to  mosquito  larvie  in  a  few  hours  and 
to  pupse  in  a  day  or  more.  Certain  bacteria  may  live  in  the  undiluted  effluent,  as 
shown  by  the  fact  that  none  of  the  plates  made  from  the  original  sample  were  quite 
sterile.  With  regard  to  the  effect  of  the  discharge  of  this  liquor  into  a  stream,  it  is 
evident,  of  course,  that  the  relative  volume  of  the  discharge,  as  compared  with  that 
of  the  stream,  is  a  prime  factor.  In  a  dilution  of  100  times  there  will  be  little  anti- 
septic action,  but  a  very  considerable  precipitation  of  the  impurities  of  the  w^ater 
by  the  waste  liquor,  which  precipitate  will  carry  down  with  it  and  probably  destroy 
a  large  percentage  of  the  organisms  present.  I  found  that  a  sample  of  Boston  sew- 
age mixed  with  1  per  cent  of  the  waste  liquor  was  completely  clarified.  The  waste 
might  indeed  be  used  as  a  precipitant  for  domestic  sewage.  In  a  stream  this  procct^H 
would  cause  a  serious  accumulation  of  sludge  in  the  channel  if  the  velocity  were  not 
too  great.  In  any  case  accumulations  are  bound  to  occur  behind  milldams  and  in 
the  lower  reaches  of  the  stream.  This  accumulated  sludge,  while  antiseptic  at  first, 
will  doubtless  lose  much  of  its  germicidal  properties  by  diffusion  and  will  eventually 
putrefy  and  cause  a  nuisance. 

The  effect  of  the  effluent  upon  the  bacillus  of  typhoid  fever  indicates  that  it  might 
have  a  favorable  effect  upon  a  stream  as  regards  the  presence  of  disease  germs. 

Respectfully  submitted. 

Earle  B.  Phelps. 

FISH. 

The  claim  that  fishing  in  Lake  Champlain  is  not  so  good  as  in  former 
years  is  apparently  borne  out  by  the  facts,  but  the  idea  that  this  con- 
dition is  caused  by  polluted  material  is  erroneous.     On  the  lake  on  a 
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still  day  thousands  of  perch  were  seen  coming  to  the  surface,  and 
perch  and  lake  bass  lie  off  the  piers  in  abundance.  Only  rarely,  how- 
ever, can  they  be  induced  to  take  the  hook,  though  the  most  tempting 
bait  is  lowered  before  their  noses.  All  about  the  sewer  outlet  of  Burling- 
ton and  up  in  Bouquet  River  even  to  the  outlet  of  the  sedimentation 
bed  numerous  shoals  of  very  small  fish  may  be  seen  at  almost  any 
time.  Diligent  inquiry  among  the  people  living  along  the  lake  on 
both  sides  failed  to  substantiate  the  startling  assertions  so  often  made 
in  the  public  press  concerning  the  enormous  accumulations  of  dead 
fish  along  the  shores.  In  Ausable  River  and  in  Ticonderoga  Creek 
below  the  pulp  mills  no  evidences  of  fish  life  could  be  found. 

SAWDUST  AND  GROUND  WOOD. 

There  are  large  accumulations  of  sawdust  and  ground  wood  along 
the  shores  and  about  the  mouth  of  almost  every  Adirondack  stream. 
Although  this  is  probably  not  productive  of  any  poisonous  matter,  it 
has  its  serious  effects:  First,  it  is  damaging  to  shore  property  in  that 
it  presents  an  unsightly  appearance,  destroys  the  beaches,  and  renders 
the  region  in  which  it  is  deposited  generally  objectionable;  second,  it 
covers  the  spawning  beds  and  drives  fish  to  other  localities;  and,  third, 
it  is  a  needless  waste  of  good  material.  Sawdust,  if  properly  handled, 
is  a  marketable  product  and  can  in  any  case  be  used  for  fuel. 

Sawdust  and  ground  wood  when  turned  into  streams  is  physically 
objectionable,  especially  when  water  supplies  are  taken  out  below  the 
point  at  which  such  material  is  deposited.  In  one  case  in  the  Cham- 
plain  region  considerable  damage  has  been  done  to  a  filtration  system 
by  the  deposits  accumulated  upon  the  beds.  The  evil  is  a  growing 
one  and  must  eventually  receive  attention. 

SUMMARY. 

1.  Soda-pulp  wast?  from  the  Champlain  mills  of  the  New  York  and 
Pennsylvania  Company,  situated  at  Willsboro,  N.  Y.,  is  not  percep- 
tible in  Jiake  Champlain  beyond  a  maximum  distance  of  2,000  feet 
from  the  mouth  of  Bouquet  River,  provided  that  the  sedimentation 
bed  installed  at  Willsboro  is  used. 

2.  Sulphite-pulp  waste  from  the  mills  of  the  J.  &  J.  Rogers  Com- 
pany, situated  at  Ausable  Forks,  N.  Y.,  is  apparently  perceptible  in 
Lake  Champlain  for  a  considerable  distance  from  the  mouth  of  Au- 
sable River. 

3.  The  sewage  of  Burlington  and  Winooski  River  is  a  serious  damage 
to  that  part  of  Lake  Champlain  immediatel}^  surrounding.  The  inhab- 
itants of  Burlington  are  '^drinking  from  their  own  cesspool." 
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4.  Soda  waste  from  the  ojills  of  the  Ticonderoga  Pulp  and  Paper 
Compan}',  situated  at  Ticonderoga,  N.  Y. ,  causes  a  high  proportion  of 
chlorine  to  appear  in  the  lake  water.  There  is  no  real  damage  from 
this  source. 

5.  The  water  of  the  broad  lake  is  of  good  quality. 

6.  The  sewage  conditions  as  a  whole  are  a  growing  menace,  and  if 
the  lake  is  to  be  preserved  as  a  water  supply  the  entire  question  should 
be  studied  from  interstate  and  international  standpoints  and  the  neces- 
sary safeguards  provided. 
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Hydrooraphic  Branch, 
Wdshingtoriy  I).  C,  February  23 ^  If}Of). 
Sir  :  I  have  the  honor  to  transmit  herewith  a  manuscript  «Mititled 
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Wilson  Johnson  at  the  request  of  Mr.  M.  L.  Fuller,  in  charg*f  of  the 
eastern  section  of  the  division  of  hydrology,  and  recommend  that  it 
l)e  published  as  a  water-supply  and  irrigation  paper. 

This  manuscript,  which  is  the  first  comprehensive  paper  prepared 
in  this  country  on  the  relation  of  the  law  to  underground  waters, 
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made  in  several  States  to  enact  laws  governing  the  use  of  under- 
ground waters  which  shall  take  account  of  the  recent  advances  in  the 
science  of  hydrology  and  the  present  knowledge  of  the  occurrence 
and  movements  of  such  watei^s. 

Very  respectfully, 

F.  H.  Newell,  Chief  Engineer. 
Hon.  Chari^es  D.  Waloott, 

Director  United  States  Geological  Survey. 
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RELATION  OF  THE  LAW  TO  UNDERGROl'ND  WATERS. 


By  DoroLAH  AVilson  Johnson. 


INTRODUCTION. 

The  following  pages  represent  an  attempt  to  outline  the  main 
features  of  the  laws  res|)e('ting  underground  waters,  with  the  object 
of  giving  to  the  owner  of  such  waters  some  idea  of  his  rights  and 
obligations  concerning  them.  It  is  needless  to  say  that  the  report 
i<  in  no  st»nse  a  legal  treatise*,  but  rather  an  endeavor  to  collect  and 
arrange  such  legal  decisions  as  will  serve  to  show"  the  relation  of  the 
law  to  problems  which  are  essentially  geological  in  character.  In 
summing  up  the  general  features  of  this  law,  I  have  recorded  some 
observations  which  present  themselves  to  the  student  of  geology. 

Throughout  the  preparation  of  the  paper  I  have  received  much 
help  from  such  authoritative  works  as  John  M.  (lould's  treatise  on 
the  ^^Law  of  Waters,''  Pomeroy's  treatise*  on  ""Water  Rights,"  the 
section  of  the  American  and  English  Encydopa^lia  of  Law  dealing 
with  ''Underground  AVaters,"  and  the  Lawyer's  Reports  Annotated. 
The  original  reports  of  all  the  casc>s  here  cited,  as  well  as  of  many 
others,  have  l)een  consulted  in  the  endeavor  to  ascertain  just  what 
were  the  critical  points  upon  which  each  was  decided.  I  am  indebted 
to  Prof.  John  C.  Gray,  of  the  Harvard  Law  Sc1kk)1,  and  Mr.  (Jeorge 
All:)ert  Walker,  of  the  Boston  bar,  for  valuable  criticism. 

ABBREVIATIONS  USED. 

Anen  (Mass.)^^Anen'8  MassachasettH  Reports. 

Am.  Deo.=Americaii  Decisions. 

Am.  Law  Refr.= American  Law  Register. 

App.  Cas.=  Api)eal  Cases,  EngHsh  Law  Reports. 

B.  Sc  S.— Best  and  Smith's  English  Queen's  Hencli  Reports. 

Barb.= Barbour's  Supreme  Court  Reports,  New  York. 

Beav.=Beavan*s  English  Rolls  Court  ReiK)rts. 

Cal.=California  Reiwrts. 

Cent  Rep.=Central  Reporter. 

Ch.  Div.=Chancery  Division,  English  Law  Reports. 

Conn.=Connect]cut  Reports. 
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Ct.  of  Cl.=Court  of  Claims,  United  States. 

Cush.  ( Mass. )  =C*U8hiiig's  Massacliusetts  Reiwrts. 

El.  &  Bl.=ElIis  and  Blackburn's  English  Queen's  Bench  UeiM)rts. 

El.  &  Bl.=  Ellis  and  Ellis's  English  Queen's  Bench  Heptirts. 

Enc.=^ American  and  English  Eneyelopiedia  of  liUW,  vol.  27,  '*  Underground 
Waters,"  pp.  423-444. 

Exch.= Exchequer  Reports  (Welsb3%  Hurlstone,  and  (Gordon). 

Ooul(l="A  Treatise  on  the  Law  of  Waters,"  third  edition,  by  John  M.  Gould, 
Ph.  D.,  Chicago.  1900. 

IL  &.  N.=Hurlstone  and  Norman's  English  Exche<iuer  ReiK)rts. 

H.  L.  Cas.=IIouse  of  Lords'  Cases. 

Hun-- Hun's  New  York  Sui)reme  Court  Rei)ort«. 

lll.=Illinois  Rejiorts. 

Ind.=^Indiana  Reports. 

Iowa = Iowa  Reports. 

Jones'  Eq.— Jones's  North  Carolina  Equity  Reports. 

Ky.= Kentucky  Rei)orts. 

L.=Laws  Megislative  acts  of  States  and  Territories). 

L.  R.  A.=Lawyer's  Rei)orts  Annotated.  Rochester,  N.  Y.  (Lawyers'  Coopera- 
tive Publishing  Company). 

L.  R.  C.  P. —English  Law  Reports,  Common  Pleas. 

L.-  R.  Ch.=English  Law  Reports,  Chancery,  Api)eal  Cases. 

L.  R.  H.  L.=- English  Law  Rejwrts,  English  and  Irish  Ai)i)eal  Cases. 

L.  R.  P.  ('.=Engl!sh  Law  Reports,  Privy  Council,  A|)|)eal  (^asw. 

L.  T.  N.  S.=Law  Times  Rei)ort8,  New  Series. 

M.  &  W.=Meeson  and  Welsby's  English  Exchequer  Rei)orts. 

Mass.=Massachusetts  Reports. 

Me. = Maine  Rei)orts. 

Mich. = Michigan  Reports. 

N.  Car.=North  Carolina  Reports. 

N.  II. = New  Ilamiwhire  Reports. 

N.  Y.=New  York  Reports. 

Nev.= Nevada  Reports. 

Ohio  St, --Ohio  State  Reports. 

Pac.  Rep.=Pacific  Rei)orter. 

Penn.  St.=Pennsylvania  State  Reports. 

Pick.=Pickering's  Massachusetts  Reiwrts. 

Pomeroy  "^**A  Treatise  on  tlie  Law  of  Water  Rights,"  by  John  Norton  Pom- 
eroy,  LL.  D.,  and  Henry  Campbell  Black,  M.  A.,  St.  Paul.  1893. 

Vt.= Vermont  Reports. 


CHAPTER  i. 

COMMON-IiAW    RITL.ES    CONCERNING    UNDEROROITND 

WATERS. 

Of  the  water  which  falls  upon  the  earth  iu  the  form  of  rain  one 
portion  suffers  evaporation,  a  second  portion  escapes  by  direct  run- 
off into  surface  streams,  while  a  third  portion  sinks  into  the  ground. 
The  second  portion,  or  that  which  escapes  into  surface  streams,  may 
find  its  way  directly  to  the  scii,  with  some  loss  by  evaporation ;  or  it 
may  happen  that  an  appreciable  portion  of  this  water  will  later  sink 
below  the  surface  and  pursue  for  some  time  a  subterranean  course. 
The  third  portion,  or  that  which  at  first  passers  directly  into  the 
ground,  may  later  emerge  to  join  surface  streams,  or  may  find  its 
way  to  the  sea  without  ever  reappearing  at  the  surface.  During  the 
course  of  its  journey  underground,  water  may  collect  into  more  or 
less  well-defined  subterranean  channels,  or  may  pass  through  the 
general  mass  of  porous  earth  by  slow  percolation. 

DEFINITION  OP  UNDERGROUND  WATERS. 

It  will  be  seen,  then,  that  underground  waters  comprise  all  waters 
which  are  for  the  time  being  below  the  surface  of  the  ground,  whether 
they  have  reached  their  present  position  by  penetrating  the  ground 
directly  after  the  fall  of  rain,  or  by  escape  from  such  surface  bodies 
of  water  as  springs,  swamps,  lakes^  rivers,  etc.;  whether  they  are 
confined  to  definite  channels,  or  are  dissipated  throughout  the  mass 
of  more  or  less  porous  ground ;  and  whether  they  are  ultimately  to 
reach  the  sea  without  reappearing  at  the  surface,  or  are  soon  to 
emerge  as  well-defined  streams  or  numerous  widely  distributed 
springs. 

CLASSIFICATION  OP  UNDERGROUND  WATERS. 

While  recognizing  the  broad  definition  of  underground  waters 
given  above,  the  law  divides  such  waters  into  two  distinct  classes,  and 
provides  for  each  a  different  rule.  This  division  is  based  on  the 
method  of  transmission  underground — whether  in  definite  channels 
or  by  general  percolation.  It  is  evident  that  in  many  cases  it  would 
be  impossible  to  know  whether  or  not  such  underground  transmission 
were  in  definite  channels;  and  hence  the  law  provides  that  where 
doubt  exists  the  presumption  shall  be  in  favor  of  the  ordinary  per- 
colation of  water  through  the  ground.    Thus  limited  the  law  recog- 
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iiizes  the  two  following  classes  of  underground  waters:  (1)  Under- 
ground currents  of  water  flowing  in  defined  and  known  channels; 
(2)  water  pa.ssing  through  the  ground  beneath  the  surface,  either 
without  definite  channels  or  in  courses  which  are  unknown. 

UNDERGROUND  WATERS  OF  THE  FIRST  CLASS. 
(Underground  Waters  Flowing  in  Defined  and  Known  Channels.) 

WHAT  rONSTITITTES  UNDERGROUND  WATERS  OF  THE  FIRST  CLASS. 

The  meaning  of  "defined  and  known"  as  hero  used  is  thus  explained 
i^y  Gould  (558)  :  "  In  this  connection,  '  defined  '  means  a  contracted 
and  bounded  channel,  though  the  course  of  the  stream  may  be  unde- 
fined by  human  knowledge,  and  '  known,'  which  is  not  here  synony- 
mous with  '  visible,'  refers  to  knowledge  by  reasonable  inference." 
A\Tien  the  water  flows  in  an  underground  channel  which  could  be 
ascertained  only  by  excavations,  such  a  channel  is  not  considered  as 
'•  known." 

In  order  to  be  certain  that  a  given  subterranean  flow  comes  within 
the  scope  of  this  class  of  underground  waters,  one  must  be  able  to 
show,  without  opening  the  ground  by  excavation,  that  the  water  flows 
in  a  definite  channel.  For  example,  it  is  sufficient  for  this  purpose 
if  one  can  show  that  a  continuous  stream  channel  exists,  and  that  the 
water  which  disappears  beneath  sand  and  gravel  in  the  bed  of  this 
channel  at  one  point  reappears  farther  downstream.  This  is  often 
the  case  with  streams  in  arid  regions,  whose  waters  appear  at  the 
surface  only  at  occasional  points  along  a  channel  which  can  be  readily 
and  continuously  traced.  In  the  case  of  Case  v.  Hoffman  (L.  R.  A. 
20,  p.  40)  it  was  held  that  "  The  flowing  of  water  upon  and  beneath 
the  surface  of  lands  between  a  natural  lake  *  *  *  and  a  creek 
into  which  they  discharge  constitutes  a  watercourse  where  the  flow 
is  all  in  the  same  direction  and  a  part  of  the  w^ay  along  a  distinct 
and  plainly  marked  channel,  although  for  some  of  the  distance  it 
spreads  over  wide  reaches  of  marsh  and  swamp  lands,  and  percolates 
the  soil  in  many  and  most  places  between  the  lake  and  the  creek." 

If  a  stream  flows  into  a  sinkhole  in  a  definite  direction,  pursues  for 
a  short  space  a  subterranean  course,  and  then  emerges  on  the  surface 
again,  it  is  considered  to  have  a  definite  and  known  channel.  Even 
where  a  large  stream  pursues  a  subterranean  course  for  a  great  dis- 
tance, it  comes  within  this  class  if  it  is  show^n  to  he  a  watercourse  in 
the  proper  sense  of  the  term.  It  has  also  been  held  that  a  subter- 
ranean stream  has  a  well-defined  channel  where  its  course  is  marked 
by  certain  vegetation  which  would  grow  now^here  except  above  such 
subterranean  stream.  It  would  seem  that  the  presence  of  sinkhole*? 
or  depressions,  the  structural  relations  of  hard  and  easily  soluble 
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rocks,  and  other  geological  factors  might  often  be  of  great  importance 
in  helping  to  establish  the  existence  and  direction  of  subterranean 
channels.  And  while  it  is  not  essential  that  the  exact  course  of  a 
subterranean  channel  be  known  in  order  to  establish  its  existence,  a 
knowledge  of  that  course  f orm§  an  important  addition  to  the  evidence. 

It  is  not  sufficient  to  show  that  a  certain  portion  of  water  passes 
underground  from  one  place  to  another,  since  that  water,  even  though 
it  travel  in  a  definite  direction,  may  reach  its  destination  either  by 
percolation  through  the  more  or  less  porous  ground  or  by  passage 
through  definite  channels.  Thus,  in  a  case  where  the  flow  of  water 
from  a  spring  was  stopped  when  the  water  was  drained  out  of  a 
natural  basin  on  higher  ground,  it  was  held  that  the  mere  fact  that 
the  spring  was  supplied  from  the  basin  was  insufficient  to  show  that 
the  water  flowed  from  basin  to  spring  in  a  well-defined  channel.  In 
like  manner  it  is  probable  that  the  transmission  of  coloring  matter 
from  one  point  to  another  by  undei'ground  water  would  hardly  l)e 
regarded  as  evidence  of  the  exisUuice  of  a  definite  channel,  although 
the  transmission  of  particles  of  material  size,  such  as  fragments  of 
wood,  might  be  considered  more  significant. 

Where  there  is  nothing  to  show  that  the  waters  in  their  subter- 
ranean courses  are  confined  to  definite  and  known  channels,  they  are 
presumed  to  be  transmitted  by  ordinary  percolations  through  the 
ground,  and  so  to  belong  to  the  second  of  the  two  classes  of  under- 
ground waters,  as  defined  above. 

LAWS  RELATING  TO  UNDERGROUND  WATERS  OF  THE  FIRST  CLASS. 

In  the  conception  of  the  law  all  those  underground  waters  which 
have  a  definite  and  known  channel  are  to  be  dealt  with  as  if  they 
were  surface  streams,  and  no  distinction  is  made  between  such  sub- 
terranean and  surface  waters  because  of  their  location.  Accordingly, 
the  laws  applicable  to  this  first  class  of  underground  waters  are  the 
same  as  those  which  apply  to  streams  on  the  surface  of  the  ground. 

It  is  beyond  the  limits  of  this  paper  to  enter  into  a  discussion  of  the 
relations  of  the  law  to  surface  waters,  but  a  few  of  the  general 
principles  upon  which  that  law  rests  may  be  here  referred  to  in 
order  that  the  rules  governing  the  use  of  underground  waters  of  the 
second  class  may  be  better  appreciated.  Perhaps  the  most  funda- 
mental distinction  is  that  the  law  recognizes  only  certain  rights  in  the 
waters  of  surface  streams  (including,  as  we  have  seen,  underground 
streams  with  definite  and  known  channels),  whereas  it  admits  abso- 
lute ownership  in  subterranean  percolating  waters.  The  right  in 
the  waters  of  surface  streams  is,  in  general,  the  right  to  have  the  water 
flow  through  one's  land  in  its  natural  state,  through  its  accustomed 
channel,  and  without  material  diminution  in  quantity  or  deteriora- 
tion in  quality.    From  this  it  follows  that,  in  general,  one  may  not 


12  RELATION    OP   THE   LAW   TO   UNDERGROUND   WATERS,   [no.  122. 

consume  all  the  water  of  a  stream,  although  he  may  appropriate  a 
reasonable  portion  for  his  use,  provided  this  right  is  exercised  with 
due  regard  to  the  rights  of  other  proprietoi's  above  and  below  him. 
He  may,  however,  consume  what  wat-er  is  required  for  necessary  uses, 
even  if  he  renders  the  stream  dry.  He  may  not  divert  a  stream  so  as 
to  cause  it  to  flow  onto  the  land  of  his  neighbor  below  in  a  new  chan- 
nel, although  he  may  divert  the  stream  on  his  own  land,  provided 
he  return  it  to  its  accustomed  channel  without  material  loss  before 
it  leavas  his  property.  He  may  not  build  a  dam  which  will  force 
the  water  back  upon  the  land  of  his  neighbor  above. 

VMiile  this  is  the  general  attitude  of  the  law  toward  surface  streams 
and  underground  waters  of  the  first  class,  there  are  many  exceptions. 
Thus,  in  a  Massachusetts  decision,  it  has  been  held  that  the  proprie- 
tor who  first  builds  a  dam  for  reasonable  purposes  has  a  right  to 
maintain  it,  even  though  it  forces  the  water  back  upon  the  land  of 
his  neighbor  upstream  to  such  an  extent  as  to  prevent  the  latter  from 
having  sufficient  fall  to  erect  a  mill  on  his  land,  while  his  downstream 
neighbor  would  not  be  allowed  to  build  a  dam  which  would  raise 
the  w^ater  so  far  as  to  stop  the  wheel  of  the  first  proprietor's  mill. 
Such  a  right  is  generally  given  by  special  mill  acts.  This  rule  has 
been  repudiated  in  certain  other  States,  or  else  made  conditional  on 
certain  other  legal  rights.     (Pomeroy,  pp.  13-15.) 

The  greatest  exceptions,  however,  are  to  be  found  in  the  Pacific  and 
Rocky  Mountain  States,  where  the  needs  of  mining,  customs  arising 
in  mining  camps,  etc.,  have  led  to  the  establishment  of  the  law  of 
"  prior  appropriation,"  by  which  the  one  who  first  appropriates  a 
stream  is  entitled  to  divert,  use,  and  consume  such  quantity  of  water 
from  the  stream  as  is  necessary  for  his  mining  operations;  and  he 
becomes  absolute  ow^ner  of  such  water  as  is  thus  appropriated.  This 
doctrine  has  l)een  extended  to  all  other  beneficial  purposes  for  w^hich 
water  is  essential,  such  as  milling,  manufacturing,  agriculture,  irriga- 
tion, and  municipjil  puri)os(^s.  (Pomeroy,  pp.  19-20;  Gould,  p.  451 
et  sc»q.) 

UNDERGROUND  WATERS  OF  THE  SECOND  CLASS. 

(Water  passing  through  the  ground  below  the  surface,  either  without  a  definite 

channel  or  in  courses  which  are  unknown.) 

LAWS  RELATING  TO  UNDEROROI'ND  WATERS  OF  THE  SECOND  CLASS. 

GKNKRAL   PRINCIPI.K8. 

The  relation  of  the  law  to  underground  waters  of  the  second  class, 
or*  underground  waters  proj^er,  constitutes  the  subject  of  this  paper. 
It  is  to  be  remarked  at  the  outset  that  the  mutual  rights  and  obliga- 
tions of  neighboring  proprietors  regarding  surface  streams  (includ- 
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ing  the  first  rlass  of  iindergrouiul  waters),  which  have  Ikhmi  briefly 
referred  to  above,  Jiavc  no  application  to  waters  of  this  second  chiss, 
which  are,  or  must  be  presumed  to  l)e,  ordinary  percohitions  through 
the  general  mass  of  more  or  less  porous  ground.  The  fiuidamental 
principle  upon  which  the  laws  regulating  the  use  of  these  waters  are 
based  is  this:  That  such  i)ercolating  subterranean  waters  are  a  j)art  of 
the  land  itself,  and  l)elong  absolutely  to  the  proprietor  within  whose 
territory  they  are.  The  land  belongs  to  the  owner,  whether  it  be  solid 
rock,  porous  ground,  entirely  earthy  matter,  or  part  soil  and  part 
water.  The  j>ercolating  waters  within  his  territory  are  as  truly  his 
absolute  property  as  are  the  rocks,  ores,  or  minerals.  Consequently 
he  may  take  and  use  such  waters  as  he  pleases,  although  such  use 
may  cause  damage  to  his  neighbor. 

From  this  it  follows  that  one  may  withdraw  from  his  soil  all  the 
l^ercolating  water  he  desires;  and  since  it  is  manifestly  impossible  to 
say  how  much  of  such  water  was  originally  within  the  limits  of  his 
own  territorv,  how  much  comes  into  his  territon'  from  that  of  his 
neighbors,  or  how  much  passes  from  his  own  territory  into  that  of 
his  neighbors,  it  is  held  that  he  may  completely  abstract  all  such 
waters  from  his  own  soil,  even  though  in  so  doing  he  also  abstracts 
the  water  from  the  soil  of  neighboring  proprietors.  In  like  manner, 
one  may  obstruct  or  interfere  with  the  natural  flow  of  underground 
waters  of  this  class  or  change  the  course  of  such  flow  in  any  way  he 
mav  choose. 

There  are  several  conditions  which  have  resulted  in  the  develop- 
ment of  such  a  l>ody  of  law.  The  courses  of  such  waters  as  are 
embraced  in  this  class  being  "  indefinite  and  unknown,"  it  has  been 
believed  that  any  other  rule  would  hold  a  man  responsible  for  the 
preservation  of  rights  which  he  could  not  appreciate  until  after  sucli 
rights  had  been  violated.  Not  until  his  own  well  was  completed 
could  he  know  that  it  would  abstract  the  water  from  his  neighbor's 
well.  Not  until  his  own  mine  excavation  was  made  could  he  tell 
that  farming  land  miles  away  would  be  drained  of  its  water.  "  One 
can  hardly  have  rights  upon  another's  land  which  are  imperceptible." 

It  has  also  been  pointed  out  (Tindal,  C.  J.,  in  Acton  v.  Blundell, 
12  M.  &  W.,  p.  350>  that  no  one  knows  what  changes  these  under- 
ground waters  undergo;  that  perhaps  only  a  day  ago  the  course 
taken  by  such  waters  became  what  it  is  to-day.  The  sinking  of  any 
well  may  completely  alter  the  direction  of  percolation  over  a  given 
area ;  and  the  proprietor  can  not  be  held  responsible  for  such  changes 
as  may  benefit  or  damage  his  neighbr)r,  but  concerning  which  neither 
of  them  can  have  anv  knowledire  until  after  the  change  is  effected. 

Any  other  rule,  it  is  argued,  would  place  an  unbearable  responsi- 
bility upon  the  proprietor,  for  in  the  proper  use  of  one's  own  land 
it  has  happened  that  the  waters  have  been  drained  from  land  sever:il 
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miles  awpy.  The  ordinary  work  of  mining  may  so  drain  the  water 
from  the  soil  that  destruction  of  crops,  failure  of  streams,  and  even 
cave-ins  will  result  at  great  distances  from  the  mine.  To  hold  the 
proprietor  responsible  for  such  unforeseen  results  of  his  legitimate 
pursuits  would  necessarily  greatly  interfere  with  beneficial  occupa- 
tions of  various  kinds.  Such  is  the  idea  expressed  by  Lewis,  C.  J., 
when  he  says :  "  No  man  could  dig  a  cellar  or  a  well,  or  build  a  house 
on  his  own  land,  becausjB  these  operations  necessarily  interrupt  the 
filtrations  through  the  earth.  Nor  could  he  cut  down  the  forest 
and  clear  his  land  for  the  purposes  of  husbandry,  because  the  evapo- 
ration which  would  be  caused  by  exposing  the  soil  to  the  sun  and  air 
would  inevitably  diminish,  to  some  extent,  the  supply  of  water  which 
would  otherwise  filter  through  it.  He  could  not  even  turn  a  furrow 
for  agricultural  purposes,  because  this  would  partially  produce  the 
same  result."     (AVheatley  v.  Baugh,  25  Penn.  St.,  p.  532.) 

This  whole  matter  has  been  summed  up  by  one  authority  in  the 
following  words :  "  The  law  recognizes  no  correlative  rights  in  respect 
•to  underground  waters  percolating,  oozing,  or  filtrating  through  the 
earth,  and  this  mainly  from  considerations  of  public  policy — (1) 
Because  the  existence,  origin,  movement,  and  course  of  such  waters, 
and  the  causes  which  govern  and  direct  their  movements  are  so  secret, 
occult,  and  concealed  that  an  attempt  to  administer  any  set  of  legal 
rules  in  respect  to  them  would  be  involved  in  hopeless  uncertainty,  and 
would  be,  therefore,  practically  impossible.  (2)  Because  any  such 
recognition  of  correlative  rights  would  interfere,  to  the  material  detri- 
ment of  the  Commonwealth,  with  drainage  and  agriculture,  mining, 
the  construction  of  highways  and  railroads,  with  sanitary  regulations, 
building,  and  the  general  progress  of  improvement  in  works  of  embel- 
lishment and  utility."  (Brinkerhoff,  J.,  in  Frazier  v.  Brown,  12  Ohio 
St.,  p.  311.) 

With  the  above  brief  reference  to  the  general  principles  upon  which 
the  law  relative  to  underground  waters  of  the  second  class  is  based, 
attention  will  now  be  given  to  the  application  of  this  law  to  more  con- 
crete cases,  exceptions  to  the  general  rules  being  not«d,  and  the 
opinions  in  accordance  with  which  typical  cases  have  been  decided 
quoted  to  such  an  extent  as  may  serve  to  make  the  matter  clear. 

Throughout  the  following  pages  it  should  be  borne  in  mind  that 
"  subterranean "  or  "  underground "  waters,  as  here  used,  refers 
always  to  the  second  class  of  underground  waters — ^those  which  arc, 
or  must  be  presumed  to  be,  the  result  of  ordinary  percolation  through 
the  general  mass  of  the  ground. 

INTERFERENCE   WITH    WELLS. 

It  is  known  that  where  one  well  has  been  successfully  supplying 
water  for  a  time,  and  then  a  second  well  is  driven  in  greater  or  less 
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pi-oxiiuity  to  the  first,  the  result  may  be  to  diminish  the  supply  of 
water  available  from  the  first  well,  (ir  even  to  stop  that  supply  entirely. 
This  nuitter  of  "  well  interferencT  "  has  received  considerable  atten- 
tion fn^n  stiulents  of  the  problem,  and  it  is  known  that  the  clost»nes«^ 
with  which  wells  may  be  placed  without  expecting  serious  interfer- 
ence depends  upon  several  factoi-s,  among  which  is  the  manner  of  their 
disposition  with  regard  to  the  direction  of  the  movement  of  under- 
ground waters. 

The  right  of  a  proprietor  to  interfere  with  the  supply  of  his  neigh- 
lM)r's  well  by  driving  a  well  on  his  own  land  is  upheld  by  an  almost 
unbroken  line  of  legal  authority.  The  only  redress  which  the  other 
has  is  to  sink  his  well  deeper,  and  the  geological  conditions  may  l^e 
such  that  even  this  will  afford  him  no  relief.  A  proprietor  has  a  per- 
fect right  to  dig  his  well  and  by  means  of  it  to  draw  off  all  the  water 
from  his  own  land  which  would  otherwise  pass  to  his  neighbor,  and 
also  to  draw  off  all  the  water  coming  from  his  neighbor's  land,  even 
if  the  result  be  to  make  the  neighboi's  well  entirely  dry.  Or  a  pro- 
prietor may  interfere  with  his  neighbor's  well  by  any  other  use  of  his 
own  property,  as  by  digging  ditches,  excavating  mines  or  quarries,  or 
obstructing  in  any  way  the  natural  flow  of  underground  w^aters. 

Thus,  in  a  case  where  a  mill  was  run  by  water  raised  from  a  well, 
and  the  sinking  of  a  coal  pit  half  a  mile  distant  drew  off  the  supply 
of  water  from  the  well,  it  was  held  that  the  damage  to  the  mill  owner 
was  not  a  legal  injury,  and  that  there  was  no  redress  for  him  at  law. 
(Acton  t\  Blundell,  12  M.  &  W.,  p.  324.)  In  like  manner  in  a  case 
where  the  construction  of  a  st^wer  or  drain  by  one  party  prevented 
water  from  flowing  to  the  well  of  another  and  abstracted  from  the 
well  water  which  had  already  found  its  way  there,  it  was  held  that 
the  party  whose  well  was  thus  damaged  had  no  legal  redress.  (New 
-River  Co.  r.  Johnson,  2  El.  &  KL,  pp.  434-446.)  ''  It  makes  no  differ- 
ence whether  the  damage  arise  by  the  water  percolating  away,  so  that 
it  ceiises  to  flow  along  channels  through  which  it  previously  found  its 
way  to  the  spring  or  well,  or  whether,  having  found  its  way  to  the 
spring  or  well,  it  ceases  to  be  retained  there."  (Ballacorkish  Mining 
Co.  i\  Dumball,  29  L.  T.  N.  S.,  p.  659.) 

A  notable  exception  to  the  above  rule  is  presented  by  certain  New 
Hampshire  cases,  where  it  has  been  held  that  a  proprietor  must  make 
such  use  of  his  land  as  is  reasonable  if  he  wishes  to  escape  liability 
for  damage  caused  to  his  neighbor's  well.  The  court  has  expressed 
its  opinion  in  one  such  case,  as  follows :  "  We  do  not  think  it  follows 
*  *  *  that  a  landowner  has  the  full  and  unlimited  ownership  and 
the  absolute  and  unqualified  right  of  control  of  all  water  in  or  upon 
his  land  not  gathered  into  natural  watercourses;  for  the  nonexistence 
of  an  absolute  right  does  not  conclusively  disprove  the  existence  of  a 
qualified  right.     *     *     *     Any  interference  by  one  landow^ner,  with 
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the  natural  drainage,  injurious  to  land  of  another  and  not  reasonable 
is  unjustifiable."  (Bartlett,  J.,  in  Bassett  v.  Salisbury  Mfg.  Co.,  43 
N.  H.,  pp.  573-574,  577;  82  Am.  Dec,  pp.  180,  185.)  This  principle, 
that  the  absolute  ownership  of  percolating  waters  is  to  be  qualified 
by  requiring  a  reasonable  use  of  such  waters,  has  been  adhered  to  in 
other  cases.  Thus  in  an  Iowa  case  (Willis  ?;.  Perry,  see  L.  K.  A.  26,  p. 
124),  a  city  made  several  wells  and  pumped  much  water  from  them, 
thereby  depriving  a  woman  of  water  which  she  was  accustomed  to 
secure  from  her  well.  The  city  was  held  liable  for  damages  on  the 
gi'ound  that  its  use  of  the  water  was  not  reasonable.  It  was  also  held 
that  the  reasonableness  of  the  use  did  not  depend  upon  the  city's 
needs  or  wants,  but  should  be  determined  in  view  of  the  number  of 
well  owners  and  their  respective  wants. 

A  second  exception  to  the  rule  is  formed  by  an  important  Califor- 
nia case  (Katz  v.  Walkinshaw,  141  Cal.,  p.  116),  referred  to  in  more 
detail  under  the  heading  "  Injury  to  land  "  (pp.  20-21),  where  it  was 
held  that  the  owner  of  one  artesian  well  had  no  right  to  withdraw  per- 
colating water  for  the  purpose  of  carrying  it  to  distant  lands  for  sale 
when  such  action  decreased  the  supply  of  his  neighbor's  well  to  the 
irreparable  injury  of  the  latter.  This  decision  will  probably  form  a 
precedent  in  other  irrigation  States  where  artesian  water  is  necessary 
for  agricultural  purposes. 

Another  apparent  exception  to  the  general  rule  is  to  be  found  in 
those  cases  where  a  corporation  or  similar  body,  having  secured  con- 
trol of  certain  land,  makes  such  use  of  that  land  as  to  damage  the 
well  of  a  neighboring  landowner,  the  corporation  being  required  to 
pay  damages  in  such  cases.  This  apparent  exception  is  to  l>e  recon- 
ciled on  the  ground  that  the  corporation  does  not  secure  absolute  own- 
ei'ship  of  the  land,  but  merely  purchases  certain  rights  in  that  land, 
or  else  is  I'equired  by  the  empowering  statute  to  pay  all  damages 
resulting  to  property  not  its  own.  Thus,  in  a  case  where  excavations 
by  a  railroad  company  within  its  right  of  way  resulted  in  damage  to 
the  well  of  a  neighboring  proprietor  the  company  was  held  liable  for 
the  damage,  on  the  ground  that  it  did  not  own  the  land,  but  had  only 
acquired  a  special  right  in  the  land  on  the  condition  of  paying  all 
damages  which  might  be  thereby  occasioned  to  others.  (Parker  i\ 
Boston  and  Maine  R.  R.,  3  Cush.  (Mass.),  pp.  109,  114.)  In  a  case 
where  a  corporation  was  sinking  a  ditch  and  well  and  erexiting  a 
pump  to  get  water  for  its  customers,  on  land  held  by  a  private  party 
in  fee  but  taken  by  the  corporation  under  a  statute,  and  it  was  shown 
.that  the  result  would  be  to  injure  the  water  rights  on  adjoining  land 
owned  by  the  same  private  party,  an  injunction  was  granted  against 
the  corporation  (Ilart  r,  Jamaica  Pond  Aqueduct  Co.,  133  Mass.,  p. 
488) ;  and  where  a  town  constructed  u  sewer  upon  land  taken  for  that 
purpose,  thereby  draining  wells  fed  by  percolation  through  soil  on 
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land  not  taken  and  not  adjoining  land  taken,  it  was  held  liable  for  the 
damage  on  the  ground  that  it  was  not  owner  of  the  land.  (Trow- 
bridge i\  Brookline,  144  Mass.,  pp.  139,  141-142.) 

On  the  other  hand,  when  it  is  considered  that  the  corporation  or 
similar  body  has  become  absolute  owner  of  the  land,  the  usual  rule 
applies,  and  no  daniages  can  be  recovered  in  case  a  well  is  injured  by 
the  use  to  which  such  corporation  may  choose  to  put  its  land.  Thus 
it  has  been  held  that  a  city  is  not  liable  for  damage  resulting  from  the 
construction  of  a  sewer.  (Elster  i\  Springfield,  49  Ohio  St.,  p.  82 
et  seq.)  WTiere  the  water  was  wholly  abstracted  from  a  well  as  a 
result  of  the  construction  of  the  Washington  water  tunnel,  authorized 
by  an  act  of  Congress,  it  was  held  that  the  damage  was  not  a  legal 
injury,  since  the  United  States  had  a  clear  title  to  the  property. 
(Alexander  v.  U.  S.,  25  Ct.  Cls.,  pp.  87-97.) 

A  railroad  company  was  not  held  responsible  for  injury  to  a  spring 
in  a  case  where  it  had  acquired  the  "  right  of  way  over  j^nd  through 
the  land  for  all  purposes  connected  with  the  construction,  use,  and 
occupation  of  its  railway."  (Ilougan  f\  Milwaukee  and  St.  Paul 
R.  R.  Co.,  35  Iowa,  p.  558.)  It  has  been  held  that  a  railroad  com- 
pany, for  the  purpose  of  constructing  its  road,  has  the  same  right  to 
excavate  within  the  limits  of  its  right  of  way  that  a  private  individual 
has  to  dig  upon  his  land  for  any  purpose,  and  that  one  whose  well  is 
rendered  dry  as  a  result  of  such  excavation  can  have  no  legal  redress. 
(New  Albany  and  Salem  R.  R.  Co.  r.  Peterson,  14  Ind,,  112,  114;  77 
^Vm.  Dec.,  pp.  60,  62.) 

In  general,  then,  the  rule  holds  that  one  who  actually  owns  land 
may  make  such  use  of  that  land  as  he  may  desire,  whether  such  use  is 
reasonable  or  not  being  generally  held  immaterial,  and  that  any 
damage  which  such  use  may  cause  to  a  neighbor's  well  is  not  a  legal 
injury. 

INTEBFERENCE  WIFII   SPRINGS. 

The  rules  of  law  applicable  to  interference  with  wells  apply  in  gen- 
eral with  equal  force  to  interference  with  springs.  It  is  usually  held 
that  a  proprietor  may  make  such  use  of  his  land  as  he  desires,  although 
that  use  may  cause  the  water  in  his  neighbor's  spring  to  diminish  or 
wholly  disappear.  Thus,  in  a  case  where  large  springs  on  a  land- 
owner's pro|>erty  were  destroyed  by  excavations  made  by  a  metro- 
politan board  of  works  for  a  sewer,  it  was  held  that  no  damages 
could  be  collected.  (Regina  r.  Metropolitan  Board  of  AVorks,  3 
B.  &  S.,  p.  708.)  Where  a  spring  was  fed  solely  from  percolating 
waters  from  a  swamp  on  wet  land  around  it,  and  not  by  any  running 
stream,  it  was  held  that  no  damages  could  Im*  recovered  against  one 
who  diverted  the  waters  by  means  of  a  tunnel  and  ditch  constructed 
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on  his  own  land.  (So.  Pac.  R.  R.  Co.  i\  Dufour,  95  Cal.,  p.  615;  30 
Pac.  Rep.,  p.  783.) 

In  a  like  manner  it  has  been  held  in  a  Vermont  case  that  "  a  grant 
of  a  spring  does  not  by  implication  convey  percolating  water  before 
it  reaches  the  spring."  ( Wheelock  v,  Jacobs,  70  Vt.,  p.  162.)  A  spring 
destroyed  by  mining  operations  is  not  a  subject  of  legal  redress  in  case 
the  gromid  itself  is  properly  supported.  (Gumbert  /;.  Kilgore,  6  Cent. 
Rep.,  p.  406.)  If  the  ground  itself  is  improperly  supported,  however, 
and  a  spring  is  injured  in  consequence,  damages  may  be  collected. 
In  general,  also,  a  city  is  not  responsible  because  a  sewer  constructed 
by  it  drains  away  the  percolating  waters  which  formerly  supplied  a 
spring.     (Elster  V.  Springfield,  49  Ohio  St.,  p.  82.) 

But  there  are  exceptions  to  the  above  general  ruling  of  the  courts. 
It  has  been  held,  for  instance,  that  *'  where  a  stream,  from  time  imme- 
morial, has  flowed  through  plaintiff's  land  in  a  perceptible  current  and 
in  a  well-defined  channel,  his  right  to  have  such  flow  continued  is  not 
affected  by  the  fact  that  the  source  of  the  stream  is  a  spring  on  defend- 
ant's land."  (Pomeroy,  p.  176;  Chauvet  v.  Hill,  93  Cal.,  pp.  407-410; 
28  Pac.  Rep.,  pp.  1066^1067.) 

The  question  of  reasonableness  of  use  has  been  emphasized  in  some 
cases,  as,  for  instance,  where  a  person  dug  a  trench  and  placed  a  tile 
pipe  in  such  manner  as  to  abstract  percolating  water  which  supplied 
a  spring  and  to  conduct  it  into  a  sewer.  It  was  held  that  the  person 
had  no  right  to  collect  or  divert  percolating  water  for  the  sole  purpose 
of  wasting  it.  (Stillwater  Water  Co.  /'.  Farmer,  see  L.  R.  A.  60,  p. 
875.)  "  Even  a  railroad  corporation  armed  by  law  with  the  eminent 
domain,  and  having  power  to  take  private  property  for  the  construc- 
tion of  its  road,  is  answerable  to  the  owner  of  a  spring  for  destroying 
it,  although  its  destruction  be  caused  by  excavations  on  the  land  of  an 
adjacent  proprietor."  (Lewis,  C.  J.,  in  Wheatley  r,  Baugh,  25  Pemi. 
St.,  p  533.)  As  in  the  case  of  well  interference,  discussed  above,  this 
last  may  be  only  an  apparent  exception  to  the  rule,  and  in  general  is 
to  be  reconciled  on  the  ground  that  the  railroad  company  is  not  abso- 
lute owner  of  the  land,  bi^t  merely  acquires  certain  rights  therein,  or 
is  required  by  statute  to  pay  compensating  damages. 

INTKRFEfiENCE   WITH    STREAMS. 

According  to  the  law  of  surface  waters  a  landowner  is  entitled  to 
have  a  surface  stream  flow  through  his  land  in  its  natural  condition 
without  material  diminution  in  quantity.  But  such  streams  are  often 
fed  largely,  either  directly  or  indirectly,  by  percolating  waters.  This 
brings  about  an  inevitable  conflict  between  the  laws  of  surface  and 
subterranean  waters,  for  according  to  the  one  a  proprietor  C4in  not 
do  anything  whicli  will  diminish  the  volume  of  the  stream  flowing 
through  his  neighbor's  land,  while  according  to  the  other  he  has  a 
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perfect  rig^ht  to  the  ix»rcolating  waters  which  supply  that  stream, 
even  thougli  by  using  such  waters  he  may  diminish  the  volume  of  the 
stream.    Conflicting  decisions  have  l)een  the  result  of  such  a  condition. 

The  decisions  of  many  authorities  art*  on  the  side  of  the  application 
of  the  laws  relating  to  subterranean  waters,  according  to  which  the 
one  who  suffers  as  a  result  of  the  diminished  volume  of  the  stream  has 
no  recourse  against  the  one  who  caused  the  damage.  Thus,  in  a  ciso 
where  a  mill  which  had  been  propelled  for  moi'e  than  sixty  years  by 
a  stream  was  retarded  lx?cause  the  stream  was  diminished  in  volume 
as  a  result  of  the  sinking  of  a  well  which  abstracted  a  great  amount 
of  the  percolating  waters  which  fed  the  stream,  it  was  held  that  the 
damage  was  not  a  legal  injury.  (Chasemore  r.  Richards,  7  H.  I-. 
Cas.,  p.  340;  2  H.  &  X.,  p.  1(58;  5  H.  &  X.,  p.  \)H±)  It  has  likewise 
l>een  held  in  California  that  the  fact  that  a  party  is  entitled  to  the 
water  of  a  stream  which  is  fed  by  a  spring  can  not  prevent  the  owner 
of  the  land  from  digging  ditches  for  a  ust^ful  ])urpose  and  thereby 
diverting  the  percolating  waters  which  supply  the  spring.  (So.  Pac. 
R.  R.  Co.  r.  Dufour,  95  Cal.,  pp.  (UO-(;i>0.) 

On  the  contrary,  in  another  case  where  parties  sunk  a  well  on  their 
own  property,  thus  preventing  water  from  percolating  in  its  natural 
course  into  a  stream  upon  which  another's  mills  were  situated,  result- 
ing in  damage  to  the  running  of  the  mills,  it  was  held  that  the  parties 
causing  the  damage  were  liable  for  it.  (Dickinson  /'.  Grand  Junc- 
tion Canal  Co.,  7  Exch.,  p.  28*2.)  So  also  it  has  been  held  that  "  the 
draining  of  the  underground  sources  of  a  surface  stream  by  pumping 
water  from  wells  to  supi)ly  a  city  rest^rvoir  renders  the  city  liable  to 
the  owner  of  the  land  through  which  the  stream  naturally  flows, 
although  the  city  is  the  owner  of  the  land  on  which  the  wells  are 
located."  (Smith  r.  Brooklyn,  100  X.  Y.,  p.  857.)  In  another  case 
similar  to  the  alx)ve,  where  the  defense*  was  made  that  the  defendant 
had  only  intercepted  underground  waters  before  they  reached  the 
stream,  the  defense  was  held  to  Ik»  insufficient.  In  Xevada  it  has  l)een 
held  that  where  a  stream  is  fed  by  springs,  but  the  water  in  passing 
from  such  springs  to  the  stream  takes  a  coifrse  underground  which  is 
not  well  understood  or  defined,  one  can  not  lawfully  cause  damage  to 
a  prior  appropriator  on  the  stream  by  gaining  control  of  the  water 
from  the  springs  on  the  ground  of  a  right  to  take  subterranean  and 
percolating  waters.     (Strait  r.  Brown,  IG  Xev.,  pp.  317-324.) 

INJURY    TO    LAND. 

The  damage  caused  by  withdrawing  sul)terranean  waters  is  not 
wholly  restricted  to  interference  with  the  natural  conditions  of  wells, 
springs,  and  streams.  It  may  happen  that  the  withdrawal  of  siuh 
waters  will  result  in  a  sinking  or  caving  in  of  a  neighbor's  land  or  in 
the  destruction  of  his  crops.     On  the  general  principle  that  a  man  is 
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absolute  owner  of  the  subterranean  percolations  within  his  territory 
and  may  do  as  he  pleases  with  them,  and  because  it  is  held  that  a  man 
has  no  legal  right  to  the  support  of  underground  water,  it  has  been 
decided  that  where  a  landowner  withdraws  so  much  of  such  water  as 
to  cause  a  subsidence  of  the  land  in  his  neighbor's  territory  or  an 
injury  to  his  crojDS,  he  is  not  responsible  for  the  damage.  So,  also, 
while  a  man  entitled  to  take  minerals  from  a  land  is  required  to  leave 
proper  support  for  the  surface  he  may  drain  the  subterranean  water 
from  the  ground,  even  if  that  results  in  a  subsidence  of  the  surface. 
{See  Gould,  p.  565  and  subjoined  references.) 

On  the  other  hand,  cases  have  l>een  decided  in  the  opposite  way — 
as,  for  example,  a  certain  New  York  case  where  it  has  been  held  that 
"  The  draining  of  land  of  a  private  proprietor  by  city  pumping  woiks 
which  exhaust  from  all  the  region  thereabouts  the  natural  supply  of 
underground  or  subsurface  water  and  thus  prevent  the  raising  upon 
it  of  crops  to  which  the  land  was  and  is  peculiarly  adapted,  or  destro\' 
such  crops  after  thej^  are  grown  or  partly  grown,  renders  the  city 
liable  to  him  for  the  damages  wliich  he  sustains  and  entitles  him  to 
aninjimction  against  a  continuance  of  the  wrong."  (Forbell  t'.  N.  Y., 
104  N.  Y.,  p.  522.)  The  statute  of  incorporation  may  hold  a  com- 
pany responsible  for  damages  in  such  cases. 

A  very  important  case  in  this  connection  is  that  of  Katz  ^^  Walkin- 
shaw,  decided  by  a  California  court  in  1903.  Parties  owning  land 
on  which  were  growing  trees,  shrubs,  etc.,  which  were  irrigated  by 
percolating  artesian  water,  brought  suit  to  restrain  another  land- 
owner from  withdrawing  such  percolating  artesian  water  for  the 
purpose  of  conveying  it  to  distant  lands  for  sale,  on  the  ground  that 
such  action  diminished  the  water  supply,  to  the  irreparable  injury  of 
the  trees,  shrubs,  etc.  It  was  held  that  the  usual  rule  of  common  law 
on  the  subject  of  such  percolations  was  not  to  be  regarded  as  any 
part  of  the  law  of  California,  where  the  arid  climate  brought  about 
conditions  totally  different  from  those  existing  where  the  rule  in 
question  first  sprang  up.  Consequently  the  decision  of  the  lower 
coui't,  based  on  that  rule  of  common  law,  was  reversed,  and  it  was 
held  that — 

'*  liach  owner  of  soil  lying  in  a  belt  which  becomes  saturated  with 
percolating  water  is  entitled  to  a  reasonable  use  thereof  on  his  own 
land,  notwithstanding  such  reasonable  use  may  interfere  with  water 
percolation  in  his  neighbor's  soil;  but  he  has  no  right  to  injure  his 
neighbors  by  an  unreasonable  diversion  of  the  water  percolating  in 
the  belt  for  the  purpose  of  sale  or  carriage  to  distant  lands. 

"  The  owners  of  artesian  wells  i^unk  in  the  artesian  belt  of  perco- 
latinir  water,  the  waters  of  whicli  are  necessarv  for  domestic  use  and 
irrigation  of  their  lands,  on  which  are  growing  trees,  ♦  *  * 
etc.,  are  entitled  to  an  injunction  to  restrain  the  diversion  of  the  water 
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I)ercolatinn:  in  the  artesian  Ix^lt,  hy  an  owner  of  land  situated  in  the 
lH»lt,  for  the  purpose*  of  eonvevin^  the  same  to  distant  hinds  for  sale, 
to  the  irreparable  injury  of  the  plaintilTs/'  (Katz  /♦.  Walkinshaw, 
141  Cal,  p.  116.) 

The  rule  thus  established  for  California  is  of  far-reaching  impor- 
tance, and  \Yill  probably  form  a  precedent  in  the  other  States  of  the 
West  where  subterranean  waters  are  necessarily  relied  on  for  irriga- 
tion purposes. 

DA  11  MI  NO  OF  UNDKBOROrXD  WATERS. 

Thus  far  we  have  been  considering  only  such  cases  as  involved 
the  abstraction  of  undergi'ound  watei*s.  It  is  possible,  however,  to 
work  damage  to  a  neighbor  by  so  obstructing  the  natural  flow:  of 
underground  water  as  to  cauK»  it  to  set  back  upon  a  neighbor's  land 
and  so  flood  it.  Following  the  principle  that  a  man  may  use  that 
which  belongs  absolutely  to  him  in  any  manner  he  may  choose,  it 
has  been  held  that  a  landowner  who  obstructs  underground  waters 
within  his  own  territory  is  not  liable  for  any  damage  which  may 
result  to  his  neighbor.  So  in  Vermont,  where  the  owner  of  a  mill 
pond  raised  the  height  of  the  water  on  his  own  land,  thereby  causing 
subterranean  waters  to  set  back  and  flood  a  neighbor's  land,  it  was 
held  that  the  owner  of  the  pond  was  not  liable  for  the  damage 
caused.     (Harwood  r.  Benton,  3*2  Vt.,  p.  7ii4.) 

On  the  other  hand,  in  a  similar  case  in  New  Hampshire,  an  oppo- 
site decision  was  rendered.  (Bassett  v.  Salisbury  Mfg.  Co.,  43  N.  II., 
p.  569.)  ^^Tiere  a  miner  stops  up  the  (»xit  from  his  mine  into  a  lower 
mine,  thereby  causing  the  water  to  rise  in  the  upper  mine  until  it 
flows  over  into  a  neighbor's  mine,  he  is  not  liable  for  the  resulting 
damage.  In  some  cases,  however,  an  injunction  will  be  granted 
against  the  one  about  to  cause  such  damage.  ((lould,  pp.  572-573 
and  refert*nces.)  And  if  one  owner  removes  barriers  by  trespass,  as 
by  extending  his  works  into  his  neighbor's  mine,  he  is  required  to  pro- 
tect that  mine  against  inundation,  unless  he  has  already  lxH?n  pro- 
ceeded against  for  the  trespass,  and  recovery  had  against  him  for  it. 
((Tould,  pp.  570-571  and  references.) 

DISPOSAL.  OF   INTERCEPTED   UNDFRO ROUND   WATERS. 

While  a  landowner  is  entitled  to  withdraw  from  his  soil  all  the 
water  he  desires,  even  to  the  point  of  abstracting  all  the  water  from 
his  own  and  his  neighl)or's  land,  having  once  intercepted  such  water 
for  his  use,  he  is  responsible  for  the  disposal  of  the  same  without 
damage  to  his  neighl)or.  Having  once  intercepted  and  appropri- 
ated such  water,  he  can  not  permit  it  to  flow  into  his  neiglibor's 
land  and  effect  damage  there,  even  if  it  would  have  proceeded  there 
and  effected  the  damage  had  he  not  intercepted  it.     So  a  mine  owner. 
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while  he  has  a  right  to  permit  the  water  naturally  flowing  in  his  own 
mine  to  pass  off  by  gravitation  into  the  mine  of  liis  neighbor,  pro- 
vided his  operations  are  carried  cm  properly,  yet  will  have  no  right 
to  let  such  water  pass  off  into  the  neighbor's  mine  after  he  has  on(»e 
C()llected  or  detained  it  for  his  own  use. 

The  application  of  this  rule  to  one  particular  case  is  of  interest 
as  showing  the  exact  distinction  made  by  the  law  regtirding  tiiis 
point.  Certain  mine  owners  siuik  a  shaft  on  their  property  which 
tapped  underground  waters  that  formerly  found  their  way  into 
older  workijigs  on  the  same  property,  and  thence  into  a  neighl>or's 
mine.  The  owners  of  the  first  property  then  made  a  borehole  in  the 
l)ottom  of  the  shaft  for  the  express  purpose  of  letting  off  the  water 
into  the  older  workings,  whence  it  percolated  into  the  neighbor's 
mine  precisely  as  before.  The  court  decided  that  the  owners  of  the 
shaft  had  appropriated  the  water,  and  were  therefore  responsible 
for  any  further  damage  caused  by  its  flowing  into  the  neighbor's 
mine.  This  seemed  to  be  in  accordance  with  the  principle  outlined 
above.  But  the  case  was  appealed,  and  the  former  decision  was 
reversed  on  the  ground  that  the  water  in  the  shaft  had  not  been 
appropriated  at  all,  but  merely  altered  in  its  course  without  even 
adding  to  the  amount  flowing  into  the  neighbor's  mine,  or  changing 
the  time  of  its  getting  there.  (West  Cumberland  Iron  Co.  i\  Ken- 
yon,  6  Ch.  D.,  p.  773;  11  Ch.  D.,  p.  782.)  In  New  Hampshire  it  has 
been  held  that  a  landowner's  right  to  alter  the  course  of  such  watei-s 
is  restricted  to  what  is  necessary  in  the  reasonable  use  of  his  own 
property.  (Gould,  p.  558  and  references.)  In  case  underground 
water  reaches  the  surface  through  an  artesian  well,  the  owner  of  the 
well  may  be  prevented  from  allowing  the  WQter  to  flow  into  the 
streets  of  a  city.  (Skaggs  r,  Martinsville,  140  Ind.,  p.  470.)  But 
in  a  case  where  water  from  an  artesian  well  was  allowed  to  flow  into 
a  natural  watercourse  which  was  "  the  only  practicable  outlet  for  the 
flow  from  such  well,"  the  owner  of  the  well  was  held  not  liable  to 
injunction.     (Barnard  /'.  Shirley,  135  Ind.,  p.  547.) 

ARTIFICIAL    PRODUCTION    OF    PERCOLATION. 

While  it  has  been  held  legal  for  a  man  to  abstract  percolating  waters 
which  are  on  their  way  to  a  stream  or  spring,  or  to  a  neighbor's  well, 
and  while  he  may  even  cause  the  water  already  in  his  neighbor's 
well  to  percolate*  out  of  it  toward  and  into  his  own  well  (see  preced- 
ing paragraphs),  it  has  been  held  unlawful  for  him  to  construct  a 
well  or  other  structure  near  a  running  stream,  and  thus  cause  cur- 
rents of  percolating  waters  to  develop,  which  would  abstract  water 
from  sucli  stream.  There  is  thus  a  distinct  difference  l)etwiH»n  the 
right  to  take  underground  water  before  it  reaches  surface  streams. 
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springs,  etc.,  and  the  right  to  abstract  water  which  is  already  a  part 
of  tliose  surface  accuniuhitions.  And  since  it  is  a  principle  of  law 
that  a  man  has  no  right  to  do  indirectly  that  which  he  is  not  allowed 
to  do  directly,  he  can  not  take  water  from  his  neighlx)r's  spring  or 
stream  by  placing  a  drain  or  well  only  a  few  feet  away,  and  thus  let- 
ting such  water  run  into  his  drain  or  well,  when  he  is  not  allowed  to 
take  that  water  off  directly  by  means  of  a  pipe  or  ditch.  As  has  been 
stated  by  one  authority,  "  If  you  can  not  get  at  the  underground 
water  without  touching  the  water  in  a  defined  surface  channel  T 
think  you  can  not  get  at  it  at  all."  (Ijord  Ilatherly,  L.  C,  in  Grand 
Junction  Canal  Co.  r.  Shugar,  L.  Tl.,  (>  Ch.,  p.  488.)  Thus  in  a  case 
where  one  proprietor  constructed  a  drain  closi*  to  a  surface  stream, 
with  the  result  that  the  drain  drew  off  the  water  flowing  in  the 
stream,  to  the  damage  of  a  neighbor,  an  injunction  was  granted  pre- 
venting the  unlawful  act.  ((Jrand  Junction  Canal  Co.  r.  Shugar, 
L,  R.,  6  Ch.,  p.  483.)  So  also  in  a  Massachusetts  case  it  was  held 
that  "  a  person  can  not  draw  wat(»r  from  a  j)ond  by  percolation  if  he 
has  no  right  to  draw  it  therefrom  directly."  (Proprietors  of  Mills  v. 
Braintree  Water  Supply  Co.,  141)  Mass.,  p.  478.) 

It  will  readily  appear  that  some  difficulty  must  frequently  be 
found  in  determining  whether  or  not  the  artificial  structure  actually 
results  in  the  abstraction  of  water  from  a  surface  stream  or  other 
body  of  surface  water.  The  mere  proximity  of  a  well  to  a  stream,  for 
instance,  does  not  prove  abstraction.  Neither  does  the  diminution 
of  water  in  the  stream,  since  the  well  may  only  secure  percolating 
water  which  has  not  j^et  reached  the  stream.  The  farther  the  well 
is  removed  from  the  stream,  the  more  difficult  will  it  Ije  to  satis- 
factorily establish  the  fact  of  abstraction.  The  party  that  com- 
plains of  abstraction  has  all  the  burden  of  this  proof,  and  must  fully 
establish  the  fact  that  the  well  or  other  structure  does  draw  off  water 
from  the  surface  accumulation  Ix^fore  the  one  causing  the  damage 
will  be  held  responsible. 

ARTIFICIALLY  INCREASED  PERCOLATION. 

It  often  happens  that  the  natural  percolation  of  a  portion  of  soil 
is  locally  increased  by  various  artificial  means,  as  by  the  pressure  of 
large  amounts  of  water  collected  in  a  reservoir,  or  the  sinking  and 
cracking  of  the  surface  alx)ve  mine  excavations,  thereby  admitting 
water  which  would  otherwise  flow  off  into  surface  streams.  The 
tendency  of  the  law  is  to  regard  this  as  a  "  nonnatural "  use  of  the 
land,  and  to  hold  the  land  owner  resix)nsible  for  any  damage  he  may 
cause.  In  Pennsylvania  a  mine  owner  is  required  to  leave  proper 
support  for  the  surface  of  the  ground  above  his  mine,  and  if  he  fails 
to  do  this,  and  the  surface  of  the  ground  sinks  and  cracks  as  a  result, 
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letting  surface  waters  flow  into  his  mine  and  from  there  percolate 
into  tlie  mine  of  his  neighbor,  he  is  liable  for  any  resulting  damage. 
(Gould,  p.  57:^,  footnote.)  But  in  another  case  where  a  mine  owner 
so  disturbed  the  soil  above  his  workings  as  to  produce  fissures  in  it 
which  let  the  natural  rainfall  on  the  surface  pass  into  his  mine  and 
thence  by  gravitation  into  his  neighbor's  mine,  the  mine  owner  caus- 
ing the  damage  was  not  held  liable.  (Wilson  v.  Waddell,  2  App. 
Cas.,  p.  95.) 

In  a  certain  case  a  reservoir  was  constructed  for  accumulating 
water,  and  the  contractor  failed  to  provide  sufficient  support  to  resist 
the  pressure  of  the  water  in  certain  old  shafts  which  communicated 
with  old  coal  workings,  the  existence  of  which  was  then  unknown  to 
the  owners  of  the  reservoir  or  any  of  those  in  their  employ.  The 
result  was  that  the  weight  of  the  water  caused  it  to  break  through 
the  shafts,  whence  it  i)assed  through  the  old  coal  workings  into  a 
neighbor's  mine.  No  negligence  on  the  part  of  the  owners  of  the 
reservoir  appearing,  it  was  held  that  they  were  not  liable  for  the 
injury.  This  decision,  however,  Avas  reversed  in  the  higher  courts, 
j'.nd  the  owners  were  held  liable  for  the  damage  caused,  since  ''  for- 
eign water  had  been  sent  down  upon  the  plaintiffs,  and  the  defend- 
ant's lack  of  knowledge  thus  l)ecame  immaterial."  It  was  held  that 
"the  person  who,  for  his  own  purposes,  brings  on  his  land  and  col- 
lects and  keeps  there  anything  likely  to  do  mischief  if  it  escapes, 
must  keep  it  in  at  his  peril,  and  if  he  does  not  do  so,  is  prima  facie 
answerable  for  all  damage  which  is  the  natural  consequence  of  its 
escape."  (Rylands  r.  Fletcher,  L.  R.,  3  H.  L.,  pp.  330,  339,  etc.) 
This  principle  has  since  been  applied  to  "  injuries  resulting  to  ad- 
joining land  from  the  percolation  of  the  waters  of  an  artificial  reser- 
voir or  canal  through  the  soil;  to  water  allowed  to  collect  in  a  cellar 
and  to  i)ercolate  into  the  plaintiff's  cellar  or  well  adjoining;  to 
dampness  caused  in  the  plaintiff's  house  by  an  artificial  deposit  near 
by  of  spongy  soil  and  clay."  (Gould,  pp.  574,  575.)  In  a  numl>er  of 
the  States  the  above  principle  is  modified  to  the  extent  that  in  order 
to  hold  the  party  liable  for  damage  caused  it  must  be  shown  that  hr 
was  guilty  of  negligence.  The  principle  does  not  apply  in  cases 
where  the  artificial  accumulation  of  water  was  for  the  mutual  benefit 
of  both  parties  to  the  suit;  nor  where  the  accunuilation  was  made  for 
public  purposes  under  express  authority  of  a  statute,  no  negligence 
being  proven;  nor  where  the  accunuilation  w^as  not  made  by  the 
landowner  intentionally  and  for  his  own  benefit,  as  in  the  case  where 
fi  house  was  dest roved  bv  fire,  and  water  collected  in  the  uncovered 
cellar,  thence  flowing  against  the  walls  of  an  adjoining  house  built 
after  the  first  house  was  destroyed.  (Gould,  pp.  575-57G,  and  refer- 
(•nces.)     In  such  cases  no  damages  are  recoverable. 
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POIXl'llON  OF  UNDERGROUND  WATERS. 

The  fact  that  a  man  has  absohite  riglit  to  the  underground  waters 
within  his  territory,  and  may  abstract  those  waters  entirely,  even  to 
the  point  of  draining  his  neighbor's  hind,  does  not  give  him  the  rigl)t 
to  poison  or  foul  those  waters  and  allow  them  to  pass  into  his  neigh- 
l)or^s  land  in  such  condition.  Such  an  act  is  illegal,  and  he  who 
causes  the  damage  is  generally  held  liable  even  if  he  is  not  guilty  of 
negligence,  "  he  whose  filth  it  is  l)eing  required  to  keep  it  on  his 
premises  at  his  peril."  This  is  the  principle  laid  down  in  the  leading 
case  of  Bylands  v,  Fletcher,  cited  above.  A  marked  distinction  is 
drawn  between  the  right  to  use  all  the  undergi-ound  water  and  so 
prevent  its  use  by  a  neighl)or,  and  the  right  to  poison  or  contaminate 
that  water  so  that  when  it  does  reach  that  neighl)or  it  is  unfit  for  use. 

In  a  case  where  casks  of  oil  stored  in  a  warehouse  leaked  so  that  the 
oil  entered  the  gi-ound  and  indirecth^  polluted  a  neighboring  spring, 
the  owners  of  the  warehouse  were  held  liable  for  the  damage 
although  they  were  ignorant  of  the  fact  that  the  oil  was  affecting 
the  spring.  (Kinnaird  r.  Standard  Oil  Co.,  89  Ky.,  p.  408.)  So  in 
a  case  where  a  man  permitted  sewage  to  flow  into  his  neighbor's 
well,  he  was  held  liable  for  the  damage,  the  opinion  being  given  that 
•'  The  right  to  foul  water  is  not  the  same  as  the  right  to  get  it ;  and  in 
my  opinion  does  not  depend  on  the  same  principles.  *  *  *  tlie 
law  of  nuisance  is  not  based  exclusively  on  rights  of  property." 
(Ballard  /'.  Tomlinson,  29  Ch.  Div.,  pp.  115,  12C.) 

In  setting  forth  this  same  principle  it  has  been  said:  ''  It  does  not 
follow  that  because  T  have  a  right  to  use  a  thing  on  my  own  land  I 
may  lawfully  send  it  into  my  neighbor's  premises  in  a  condition  to 
work  an  injury  to  him.  *  *  *  TJ^p  American  easels,  therefore, 
while  recognizing  to  its  fullest  extent  the  right  of  every  landowner 
to  use,  detain,  and  even  totally  abstract  all  the  undergi-ound  perco- 
lating water,  *  *  *  yet  quite  agree  \»ith  the  decision  *  *  * 
that  he  is  liable  for  corrupting  it  and  thus  causing  an  injury  to  the 
well  of  an  adjoining  o>vner.  *  *  *  xhe  true  cause  of  action 
*  *  *  is  not  exactlv  that  the  defendant  contaminated  under- 
ground  percolating  water,  but  that  he  allowed  his  impure  sewage  to 
e.scaix»  from  his  premises  to  the  plaintiff's,  and  the  circumstances 
that  it  ix?ached  there  by  undergiound  percolation  instead  of  by  a 
surface  stream  is  quite  immaterial."  (E.  H.  Bennett,  24  Am.  Law 
Reg.,pp.038,(ht0.) 

In  cases  where  substances  from  the  works  of  a  gas  company  have 
percolatevl  into  the  soil,  resulting  in  injury  to  a  neighbor's  well,  the 
company  has  l)een  held  liable  for  the  damage.  In  a  case  where  it 
was  shown  that  other  things  besides  the  escape  of  gas  into  the  w^ater 
of  a  well  contributed  to  make  it  unfit  for  use,  it  was  held  that  the 
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gas  company  Avas  liable  for  damage  to  the  water,  although  the  fact 
that  there  were  other  sources  of  corruption  might  be  shown  in  miti- 
gation of  the  amount  of  damage  recoverable.  (Sherman  v.  Fall 
River  Iron  Works  Co.,  5  Allen  (Mass.),  p.  213.) 

.  So  when  filthy  water  from  a  vault  percolates  through  the  ground 
and  injures  the  cellar  and  well  of  a  neighboring  proprietor,  the  party 
who  maintains  the  vault  is  liable  for  the  damage.  (Ball  v.  Nye,  00 
Mass.,  p.  582.)  Likewise  where  poorly  constructed  sewers  permit 
filth  to  percolate  from  them  into  the  cellars  of  adjoining  premises 
the  one  who  maintains  such  sewer  is  liable  for  resulting  damages, 
"  even  if  he  is  the  owner  of  the  premises  into  which  the  filth  perco- 
lated, and  the  parties  complaining  were  his  own  tenants."  (Alston  r. 
Grant,  3  El.  and  Bl.,  p.  128.) 

In  a  case  where  a  person  polluted  his  own  well  with  sewage,  and 
the  contaminated  water  percolated  into  a  neighbor's  well,  it  was 
claimed  that  the  party  causing  the  damage  was  not  liable,  since  the 
neighbor  whose  well  was  injured  secured  the  water  from  that  well 
by  artificial  means — i.  e.,  l)y  pumping.  Tlie  court  held  the  ])nrty 
liable  for  the  damage  he  caused,  however ;  Brett,  M.  R.,  stating  that 
"  The  plaintiff,  if  he  has  a  right  to  use  anything  in  nature,  has  a 
rififht  to  exercise  that  use  bv  all  the  skill  and  invention  of  which  a 
man  is  capable,  and  it  seems  to  me  that  as  long  as  the  plaintiff  uses 
only  lawful  means  as  against  his  neighbor,  however  ingenious  or 
however  artificial  those  means  may  be,  his  right  to  appropriate  the 
common  source  is  not  diminished  because  he  used  the  most  artificial 
or  most  ingenious  methods."  (Ballard  /'.  Tomlinson,  20  Ch.  Div., 
p.  122.) 

In  cases  where  it  can  be  shown  that  the  acts  of  another  will  result 
in  a  pollution  of  underground  waters,  the  courts  will  grant  injunc- 
tions to  prevent  such  injury.  Thus  a  perpetual  injunction  was 
granted  to  restrain  a  party  from  allowing  unclean  refuse  matter  to 
pass  from  his  manufactories  into  an  old  pit  on  his  own  land,  since  it 
percolated  thence  into  a  neighbor's  colliery.  (Turner  i\  Mirfield,  34 
Beav.,  p.  300.)  In  another  case  a  party  was  prevented  by  an  injunc- 
tion from  using  a  cesspool  tlirough  which  water  percolated  into  a 
neighboring  well.  (Womersley  r.  Church,  17  L.  T.  N.  S.,  p.  100.) 
So  also  an  injunction  will  l)e  issued  to  prevent  the  establishment  of  a 
burial  ground,  when  it  can  be  shown  that  the  burial  of  the  dead  thei-e 
will  endanger  life  or  health  by  corrupting  the  surrounding  atmos- 
phere or  the  water  of  springs  or  wells.  (Clark  r,  Lawrence,  (»  Jones's 
Eq.  (X.  C),  p.  83;  78  Am.  Dec,  p.  241.)  There  must  l>e  clear  proof 
of  probable  injury,  however.  It  has  elsewhere  been  held  that  cities 
have  absolute  authoritv  to  establish  cemeteries,  and  discretion  to 
judge  of  their  necessity.  (Greencastle  i\  Ila/elett,  23  Tnd.,  p.  18(».) 
In  a  case  where  a  party  was  about  to  erect  a  privy  on  his  own  lot,  about 
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s  feet  from  his  neighlM)!'^  house  and  a'Har.niul  h»s.s  than  20  feet  from 
his  well,  tlie  completion  of  the  privy  was  prevented  by  injunction. 
The  court,  quoting  another  authority,  said :  "  Privies  are  regarded  as 
prima  facie  nuisances,  and  although  necessary  and  indispensable 
in  connection  with  the  use  of  property  for  the  ordinary  purposes  of 
habitation,  yet  if  they  are  built  or  allowed  to  remain  in  such  a  condi- 
tion as  to  annoy  others  in  the  proper  enjoyment  of  their  projDerty  by 
reason  either  of  the  noisome  smells  that  arise  therefrom  or  by  the 
escape  of  filthy  matter  therefrom  upon  the  premises  of  another,  or  so 
as  to  corrupt  the  water  of  a  well  or  spring,  they  are  nuisances  in 
fact.*'     (Wahle  r.  Reinbach,  76  111.,  pp.  322,  320.) 

There  are  a  few  exceptions  to  the  above  rules,  however,  it  being 
held  in  several  cases  that  the  party  causing  the  pollution  of  under- 
ground water  is  not  liable  for  damage  caused  to  a  neighboring  propri- 
etor unless  guilty  of  negligence  or  malice.  In  one  such  case  the  court 
observes,  "  If  withdrawing  the  water  from  one's  well  by  an  excava- 
tion on  adjoining  lands  will  give  no  right  of  action,  it  is  difficult  to 
understand  how  corrupting  its  waters  by  a  proper  use  of  the  adjoin- 
ing premises  can  be  actionable,  when  there  is  no  actual  intent  to 
injure  and  no  negligence.  The  one  act  destroys  the  well,  and  the 
other  does  no  more;  the  injury  is  the  same  in  kind  and  degree  in  the 
two  cases."  (Cooley,  J.,  in  Upjohn  r.  Richland  Township,  40  Mich., 
pp.  549,  550.) 

So  in  a  case  where  the  operator  of  gas  works  placed  obnoxious  sub- 
stances near  a  neighboring  projx^rty,  and  portions  of  these  substances 
were  washed  along  the  surface  into  the  neighbor's  well,  and  other 
portions  penetrated  into  the  ground,  thus  polluting  the  subterranean 
currents  which  supplied  the  well,  the  court  held  that  while  the  opera- 
tor was  liable  for  the  surface  pollutions,  he  was  not  liable  for  any 
damage  to  the  well  resulting  from  the  pollution  of  underground  cur- 
rents of  water  unless  he  acted  maliciously.  (Brown  r,  Illius,  27 
Conn.,  p.  84.)  In  another  case  the  party  polluting  undergi'ound 
streams  whose  channels  and  courses  were  unknown  and  undefined,  was 
held  not  to  l)e  responsible  for  the  damage  caused.  (Dillon  r.  Acme 
Oil  Co.,  49  Hun.  (N.  Y.) ,  p.  505.)  In  this  case  a  distinction  was  made 
between  contaminating  a  subterranean  stream  whose  channel  and 
course  were  undefined  and  unknown,  and  contamination  by  percola- 
tion or  soaking.  This,  also,  seems  contrary  to  the  general  rule  of  law, 
which  makes  no  distinction  between  ordinary  percolating  waters,  and 
such  underground  streams  as  have  channels  and  cours^^s  which  are 
indefinite  and  unknown. 

In  a  case  where  a  party  sunk  an  artesian  well  upon  his  own  land 
and  used  the  water  to  bathe  the  patients  in  a  sanitarium  or  hospital 
erected  by  him  on  his  premises,  and  then  allowed  the  polluted  water 
to  flow  into  a  natural  watercourse,  which  was  the  only  practicable  out- 


28  RELATION    OF   THE   LAW    TO   UNDERGROUND    WATERS.    Fxo.  122. 

lot  for  the  flow  from  tlie  well,  the  party  was  held  not  to  be  liable  for 
the  resulting  damages,  providing  he  was  free  from  negligence  and 
malice  and  used  due  care  to  avoid  injury  to  his  neighbors.  (Bar- 
nard r.  Shirley,  135  Ind.,  p.  547.)  This  decision  seems  contrary  to 
the  general  ruling  of  the  courts  in  a  twofold  way,  since  it  is  generally 
held  that  one  who  intercepts  and  uses  underground  waters  is  responsi- 
ble for  their  future  course  (pp.  21-22),  and  the  pollution  of  waters  is 
usually  illegal  whether  or  not  there  be  malice  or  negligence. 

The  principle  upon  which  the  decisions  in  these  exceptional  cases 
is  based  seems  to  be  that  a  man's  obligations  to  preserve  the  purity  of 
underground  waters  is  limited  to  the  reasonable  and  proper  use  of 
such  waters,  without  negligence  or  malice  on  his  jiart.  According  to 
this  principle,  any  damage  to  a  neighbor  which  is  necessary  and 
unavoidable,  or  not  sufficiently  obvious  to  have  been  foreseen,  result- 
ing from  a  landowner's  proper  and  reasonable  use  of  his  land,  is  not 
held  to  be  a  legal  injury. 

Having  now  outlined  the  general  relations  of  the  law  to  the  ab- 
straction, diversion,  and  interruption  of  underground  waters,  and  to 
the  pollution  of  the  same,  it  remains  to  be  pointed  out  in  what  ways 
the  general  rules  are  modified,  if  at  all,  (1)  by  the  motive  with  which 
the  acts  complained  of  were  done;  (2)  by  definite  agreements  between 
the  parties  respecting  the  use  of  the  underground  waters;  (3)  by 
prescription,  or  the  long-continued  use  and  enjoyment  of  such  waters. 

EFFECT   OF    MOTIVE. 

Although  an  act  may  in  itself  be  perfectly  legal — as,  for  instance, 
the  abstraction  of  underground  waters  from  the  soil,  even  to  the 
point  of  rendering  dry  a  neighbor's  well,  is  generally  held  to  be — it 
might  be  considered  that  a  person  who  exercised  such  right  with  the 
malicious  and  evil  intention  of  hurting  his  neighbor  would  be  guilty 
of  a  legal  injury.  This  question  as  to  the  effect  of  motive  has  given 
rise  to  a  number  of  conflicting  opinions. 

So  far  as  the  pollution  of  underground  waters  is  concerned  there 
is  little  disagreement  among  authorities,  it  being  generally  held  that, 
however  innocently  the  contamination  is  effected,  the  party  causing 
the  damage  is  none  the  less  liable  for  it.  As  we  have  seen,  however, 
there  are  cases  in  which  the  party  was  not  held  responsible,  provided 
he  was  guilty  of  no  negligence  and  entertained  no  malicious  motives. 

In  cases  involving  the  abstraction  or  diversion  of  underground 
waters  with  malicious  intent  to  injure  a  neighbor  opinions  have  been 
more  conflicting.  The  weight  of  authority,  especially  in  more  recent 
easels,  is  to  the  effect  that  the  motive  is  immaterial,  according  to  the 
principal  that  the  law  must  deal  with  outward  acts  and  not  with  in- 
ward motives.  '"  When  the  use  which  a  landowner  makes  of  his  prop- 
erty is  lawful  in  itself,  the  law  will  not  take  cognizance  of  the  motive 


lOHNsoN.l  COMMON    law:      EFFECT   OF    MOTIVE.  29 

which  prompts  the  use,  even  where  it  results  in  damage  to  another.*^ 
(Enc,  434.)  So  it  has  been  held  that  while  "  malicious  motives  make 
a  bad  act  worse,  ♦  ♦  ♦  they  can  not  make  that  a  wrong  which  in 
its  own  essence  is  lawful."  (Black,  J.,  in  Jenkins  r.  Fowler,  24  Penn. 
St.,  p.  310.)  According  to  another  authority,  ^'  Bad  motives  in  doing 
an  act  which  violates  no  legal  right  of  another  can  not  make  the  act  a 
ground  of  action."  (T.  R.  Strong,  J.,  in  Pickard  r.  Collins,  23  Barb. 
(N.  Y.),  p.  459.)  In  another  case  the  court  observes,  "As  an  act 
unlawful  in  itself  resulting  in  injury  to  another,  whatever  may  have 
been  the  motive  with  which  it  was  done,  is  none  the  less  the  subject  of 
legal  redress,  so  the  act  done,  to  wit,  the  using  of  one's  own  property, 
being  lawful  in  itself,  the  motive  with  which  it  was  done — whatever 
it  may  be  as  a  matter  of  conscience — is  in  law  a  matter  of  indiffer- 
ence." (BrinkerhofT,  J.,  in  Frazier  v.  Brown,  12  Ohio  St.,  p.  311- 
312.)  So,  also,  in  another  case, ''  We  have  not  given  any  attention  to 
the  alleged  motives  of  the  defendants.  Their  motives  are  immaterial. 
Tlie  question  is  only  as  to  their  rights."  (Rodman,  J.,  in  Porter  r. 
Durham,  74  N.  C,  p.  780.) 

In  accordance  with  the  above  opinions  was  the  decision  rendered  in 
the  following  case:  A  landowner  possessed  a  mineral  spring  sur- 
rounded by  an  artificial  embankment.  His  neighbor  dug  a  well  on 
his  own  land,  striking  a  vein  of  mineral  water,  evidently  intimately 
connected  with  the  adjacent  mineral  spring,  and  the  water  from  this 
vein  rose  high  enough  to  be  conducted  by  pipes  to  the  neighbor's  bath 
house*.  Then  the  owner  of  the  spring,  for  no  purpose  iKMieficial  to 
himself  and  simply  to  divert  the  water  from  his  neighbor's  well,  low- 
ered the  embankments  about  the  spring,  thereby  cutting  off  the  supply 
of  water  from  the  neighbor's  well.  It  was  held  that  the  owner  of  the 
^spring  was  not  liable,  the  question  of  motive  not  affecting  his  legal 
right.  (Phelps  /'.  Nowlen,  72  N.  Y.,  p.  39.)  As  stated  by  another 
authority,  '^  It  is  generally  held  that  no  action  will  lie  against  one  for 
acts  done  upon  his  own  land,  in  the  exercise  of  his  rights  of  owner- 
ship, whatever  the  motive,  if  they  merely  deprive  another  of  advan- 
tages or  cause  a  loss  to  him,  without  violating  any  legal  right ;  that  is, 
the  motive  in  such  cases  is  immaterial."  (Wells,  J.,  in  Walker  /'. 
Cronin,  107  Mass.,  p.  564.) 

In  striking  contrast  to  the  above  are  cases  in  which  the  authorities 
consider  the  motive  as  an  important  factor  in  the  case.  Thus  it  has 
been  held  that  '*  neither  the  civil  law  nor  the  common  law  permits  a 
man  to  be  deprived  of  a  well  or  spring  or  stream  of  water  for  the 
mere  gratification  of  malice."  (Lewis,  C.  J.,  in  Wheatley  i\  Baugh, 
2.)  Penn.  St.,  p.  533.)  In  another  cas?  the  opinion  was  given:  "  Ordi- 
narily a  landowner  may  dig  a  well  upon  his  own  land,  even  though, 
by  percolation,  it  draws  the  water  from  his  neighbor's  land,  or  even 
his  well ;  but  it  would  present  a  very  different  question  if  the  well  was 
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dug  by  him  with  the  express  purpose  of  transferring  the  water  in  his 
neighbor's  si)ring  or  well  to  his  own,  and  knowing  that  this  would  be 
the  result."  (Bellows,  C.  J.,  in  Swett  r.  Cutts,  50  N.  H.,  pp.  446-447.) 
According  to  another  authority,  '*  While  a  man  has  no  right  to  pro- 
tection against  competition,  he  has  a  right  to  be  free  from  malicious 
and  wanton  interference,  disturbance,  and  annoyance."  (Barrows, 
J.,  in  Chesley  t\  King,  74  Me.,  p.  175.) 

EFFECT  OF  GRANT  OB  AGREEMENT. 

It  seems  to  be  well  established  in  the  courts  that  where  one  party 
grants  certain  water  rights  to  another  or  makes  an  agreement  with 
him  regarding  rights  to  underground  waters,  the  parties  shall  be 
bound  by  the  terms  of  the  grant  or  agreement,  and  not  by  the  rules 
of  law  applicable  to  underground  waters  in  general.  Thus,  while  in 
general  a  man  may  lawfully  dig  a  well  on  his  own  land,  even  though 
he  thereby  drain  oif  the  water  from  his  neighbor's  well  or  spring,  he 
can  not  do  so  if  his  act  violates  a  grant  or  an  agreement  with  that 
neighbor.  But  in  cases  where  the  act  comj^lained  of  does  not  violate 
any  express  provision  of  the  grant  or  agreement,  the  usual  rules  of 
law  are  considered  to  apply.  The  following  cases  serve  to  illustrate 
the  several  phases  of  the  question. 

A  party  granted  the  surface  of  his  land  to  another,  but  reserved 
the  mines  l>elow.  In  the  operation  of  his  mines  the  water  was  all 
drained  from  the  surface,  thus  damaging  the  one  to  whom  he  had 
jnade  the  grant.  He  was  not  held  to  be  responsible  for  the  damage, 
since  he  had  made  no  express  agreement  regarding  such  waters.  (Bal- 
lacorkish  Mining  Co.  r.  Harrison,  L.  K.,  5  P.  C.,  p.  41).)  And  where  a 
man  sells  a  well  to  another,  and  then  by  digging  another  well  or  in 
some  other  manner  prevents  percolating  water  from  reaching  the  well 
he  has  sold,  he  is  not  liable  for  the  damage  if  the  sale  of  the  well  does 
not  carry  with  it  a  guarantee  of  a  regular  supply  of  water.  (Gould, 
p.  502,  and  references.)  So,  also,  with  a  spring.  "A  grant  of  a  '  cer- 
tain spring  or  fountain  of  water'  does  not  deprive  the  owner  of  the 
land  of  the  right  of  properly  draining  his  land  to  make  it  productive, 
even  though  in  some  unknown  mode  the  draiiuige  of  the  land  may  affect 
his  supply  of  water."  (Phic,  p.  4JU,  footnote  and  references.)  In  a 
case  where  one  party  purchased  land  from  another  with  the  agree- 
ment that  the  other  should  have  a  right  to  conduct  water  from  a 
spring  on  the  land  thus  sold  to  his  adjoining  pro])erty,  and  then  the 
purchaser  dug  a  Avell  on  the  land  which  he  had  bought,  destroying 
the  spring  from  which  he  had  agreed  to  let  the  other  conduct  water,  it 
was  held  that  the  purchaser  was  not  responsible  for  the  damage, 
since  the  agreement  did  not  entitle  the  other  to  an  uninterrupted  flow 
of  the  water.  (Enc,  p.  4H1,  footnote  and  references.)  AVhere  one 
party   granted   another   the   right   to   draw    water   from   a   certain 
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well  by  a  pipe  laid  in  the  ground,  he  was  not  prevented  from  digging 
another  well  or  reservoir  on  his  own  land,  thereby  diverting  the  water 
which  formerly  percolated  into  the  well.  (Davin  t\  Spaulding,  157 
Mass.,  p.  431.)  In  cases  where  the  effect  of  the  grant  is  to  make  the 
jiarties  to  it  practically  adjacent  owners,  the  usual  rules  of  law  apply. 

But  where  the  terms  of  the  grant  or  agreement  plainly  secure  a 
lingular  supply  of  water  to  the  one  to  whom  such  grant  is  made,  one 
who  interferes  with  underground  waters  so  as  to  diminish  or  inter- 
rupt the  supply  will  be  held  liable.  Thus,  in  a  case  where  a  pro- 
prietor granted  to  a  manufactory  situated  on  his  hmd  the  use  of 
water  conducted  to  the  factory  from  springs  on  his  land,  and 
"•  covenanted  to  warrant  and  defend  the  granted  premises  against 
himself  and  all  other  persons,"  and  then  withdrew  the  supply  from 
such  springs,  he  was  held  liable  for  the  damage.  (Johnstown  Cheese 
Mfg.  Co.  i\  Veghte,  09  N.  Y.,  p.  16.) 

In  another*  case  a  nmn  owned  two  adjoining  farms,  on  one  of  which 
was  a  spring  from  which  water  was  conducted  in  pipes  to  the  barn- 
yard of  the  other.  lie  sold  this  latter  farm  with  aj^purtenances,  but 
without  special  mention  of  spring  and  pipes.  Then  he  dug  a  well 
near  the  spring,  thereby  lowering  the  water  in  the  latter  till  it  failed 
to  flow  through  the  pij)es.  It  was  held  that  he  could  \yc  restrained 
from  using  the  well  causing  the  injury  on  the  ground  that  the  unin- 
terrupted flow  of  water  was  ess(»ntial  to  the  full  enjoyment  of  the 
estate  conveyed.  (Paine  i\  Chandler,  134  N.  Y.,  p.  385.)  This  ap- 
|H»ars  to  be  a  departure  from  the  general  rule,  unless  *'  appurtenances  " 
is  interpreted  as  including  the  waters  percolating  into  the  spring  on 
adjacent  land,  for  in  cases  where  the  opposite  decision  was  rendered, 
as  noted  above,  the  uninterrupted  flow  of  the  water  was  even  more 
certainly  essential  to  the  full  enjoyment  of  the  well  or  spring 
conveved. 

When  the  privilege  of  taking  water  from  springs  of  a  certain 
locality  is  granted  the  waters  can  only  be  taken  where  they  naturally 
come  to  the  surface,  not  from  wells  or  other  orifices  where  the  water 
does  not  come  to  the  surface.     (Phic,  p.  431,  footnote  and  references.) 

A  grant  of  a  well  or  spring  carries  with  it  the  riglit  to  the  land 
innnediately  occupied  by  such  well  or  spring.  So  the  well  is  held  to 
include  ''the  orifice  reaching  down  to  the  water,  the  whole  opening 
in  the  earth  before  it  is  stoned,  the  stone  laid  in  the  wall,  and  the 
water  therein.''  Where  a  spring  was  set  apart  and  separated  from 
other  lands  so  as  to  extend  three  rods  each  way  from  the  central  por- 
tion covered  by  w'ater,  the  word  '"  spring "'  in  a  deed  was  held  to 
include  this  land.     (Gould,  p.  503  and  references.) 

EFFECT   OF   PRESCRIPTTON. 

In  law  the  use  and  enjoyment  of  things  "  from  time  immemorial  " 
is  held  to  give  a  legal  right  to  certain  of  the  things  thus  used  and 
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enjoyed.  This  is  known  as  the  right  arising  from  "  prescription,'"* 
but  this  right  can  not  exist  with  regard  to  underground  waters,  it 
being  held  that  the  owner  of  land  can  not  acquire  by  prescription  the 
right  to  receive  percolations  through  the  land  of  another.  This  is 
clearly  set  forth  in  the  following  opinion :  "  The  doctrine  of  pre- 
scription, presumption  of  grant  from  lapse  of  time,  can  have  no 
proper  application  to  the  question.  (1)  Because  the  party  against 
whom  the  doctrine  will  have  to  be  applied  could  not  be  reasonably 
required  to  enter  his  caveat  against  the  appropriation  of  a  thing  so 
hidden  and  obscure  as  is  percolating  underground  water;  and  (2) 
because  the  appropriation  of  such  water  by  an  adjoining  proprietor 
is  not  an  infringement  of  his  rights,  so  as  to  become  the  subject  of 
legal  redress,  until  such  time  as  he  himself  has  occasion  to  appro- 
priate them."  (BrinkerhoiF,  J.,  in  Frazier  v.  Brown,  12  Ohio  St., 
p.  311.) 

SUMMARY  AND  CONCLUSIONS. 

In  summing  up  the  generalities  of  the  relation  of  the  law  to  under- 
ground waters  it  is  to  te  noted  that  wherever  a  subterranean  stream 
can  be  shbwn  to  have  a  defined  and  known  channel  it  is  considered 
subject  to  the  same  rules  of  law  that  apply  to  surface  streams;  but 
where  subterranean  streams  have  channels  which  are  indefinite  and 
unknown,  or  where  subterranean  waters  percolate  through  the  ground 
independent  of  channels,  different  rules  of  law  are  applicable. 
Regarding  the  laws  controlling  the  use  of  this  second  class  of  under- 
ground waters  a  number  of  points  have  been  noted. 

It  has  been  seen  that,  according  to  a  large  number  of  decisions,  a 
man  is  entitled  to  practically  absolute  control  of  such  underground 
waters  in  his  own  land,  but  that  some  authorities  limit  him  to  a  rea- 
sonable and  proper  use  of  such  waters.  The  destruction  of  a  well  or 
spring  as  a  result  of  an  adjacent  landowner's  excavating  a  well, 
spring,  cellar,  mine,  or  ditch  upon  his  own  land  is  generally  held  to 
be  a  damage  for  which  there  is  no  remedy  at  law.  But  some  authori- 
ties hold  that  in  order  to  escape  liability  for  such  damage  the  party 
causing  it  must  have  made  such  use  of  his  land  as  is  reasonable  and 
proper.  WTiere  the  damage  is  caused  by  a  corporation,  as  by  a  i*ail- 
road  company  excavating  on  its  right  of  way,  damages  are  in  general 
recoverable,  although  it  has  been  held  in  some  cases  that  such  a  com- 
pany is  no  more  liable  for  damage  caused  by  excavations  on  its  right 
of  way  than  is  a  private  citizen  for  damage  resulting  from  excavating 
on  his  own  land.  It  is  to  be  noted  that  in  the  irrigation  States  of  the 
West  the  cases  are  likely  to  be  decided  on  different  principles  from 
those  governing  decisions  in  the  East.  To  this  effect  is  the  Cali- 
fornia decision  that  "  the  common  law  rule  that  percolating  water 
belongs  unqualifiedly  to  the  owner  of  the  soil,  and  that  he  has  the 
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absolute  right  to  extract  and  sell  it,  is  not  applicable  to  the  conditions 
existing  in  a  large  part  of  this  State,  where  artificial  irrigation  is 
essential  to  agriculture,  and  artesian  wells  in  ix^rcolating  l)elts  are 
necessarily  used  for  that  purpose."  (Katz  v,  Walkinshaw,  141  Cal., 
p.  116.) 

Where  surface  streams  are  injured  by  a  loss  in  volume  due  to  the 
fact  that  a  well  or  other  excavation  on  a  neighbor's  land  intercepts 
the  percolating  waters  supplying  the  stream,  it  is  generally  held 
that  there  is  no  redress  for  the  damage,  but  some  authorities  hold 
that  the  one  causing  the  damage  is  responsible  for  it.  If  a  man  makes 
a  well  or  other  excavation  near  a  stream  or  other  body  of  surface 
water,  and  thereby  extracts  water  which  has  already  become  part  of 
a  surface  accumulation,  he  is  responsible  for  the  resulting  damage. 

A\Tiere  land  is  injured  by  the  withdrawal  of  the  underground  water 
through  a  neighbor's  well  or  other  excavation,  so  that  the  land  fails 
to  support  crops,  or  sinks  and  cracks,  it  is  usually  maintained  that 
there  is  no  remedy  at  law,  although  there  are  exceptions  to  this  ruling. 
Where  the  obstruction  of  underground  Waters  made  such  waters  si»t 
back  and  overflow  a  neighbor's  land,  it  was  held  in  one  case  that  the 
party  causing  the  damage  was  not  liable,  while  the  opposite  decision 
was  rendered  in  another  and  similar  case. 

One  who  intercepts  underground  waters  and  appropriates  them 
(or  his  own  benefit  is  in  general  responsible  for  any  damage  they  may 
cause  thereafter,  even  if  the  damage  is  the  same  as  the  waters  would 
naturally  have  caused  if  not  intercepted.  But  an  opposite  decision 
has  been  render^l  in  at  least  one  such  case.  One  who  merely  alters 
the  course  of  percolating  waters  and  does  not  appropriate  them  for 
use  is  not  generally  responsible.  In  one  State,  however,  it  is  held 
that  the  right  to  alter  the  course  of  undergi-ound  waters  is  restricted 
to  what  is  necessary  in  the  reasonable  use  of  property. 

Any  one  who  artificially  increast^s  the  natural  amount  of  i>ercola- 
tion  is,  according  to  some  authorities,  responsible  for  the  resulting 
damage,  but  others  hold  that  unless  the  damage  is  the  result  of  negli- 
gence or  malice  no  legal  redress  can  be  obtained. 

The  pollution  of  underground  waters  is  generalh  held  to  be  illegal, 
whatever  the  circumstances  attending  such  pollution.  But  a  few 
authorities  maintain  that  such  pollution  is  not  illegal  unless  there 
is  evidence  of  negligence  or  malice. 

In  case  any  of  the  foregoing  acts,  which  are  legal  in  and  of  them- 
selves, is  done  with  the  express  purpose  of  injuring  a  neighbor,  some 
authorities  hold  that  the  one  committing  such  an  act  with  malicious 
motive  is  responsible  for  the  damage  he  causes.  But  others,  and  per- 
haps the  majority,  take  the  position  that  such  an  one  is  not  liable, 
since  the  motive  is  immaterial. 

IBB  132—05  M 8 
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Where  any  of  the  foregoing  acts,  in  themselves  legal,  violates  the 
express  terms  of  a'  grant  or  an  agreement,  the  act  becomes  illegal. 

No  special  right  to  underground  w^aters  can  be  acquired  by  long 
continued  use  and  enjoyment  of  the  same. 

« 

Such  a  review  affords  ground  for  careful  reflection  concerning  the 
laws  of  underground  waters.  One  is  impressed  with  the  great  lack 
of  agreement  among  authorities  respecting  many  of  the  points  at 
issue.  The  law  of  waters  in  general  is  an  intricate  problem,  and  it 
is  not  to  be  expected  that  the  unsatisfactory  feature  referred  to  will 
ever  be  wholly  eradicated.  It  is  probable,  however,  that  a  better 
appreciation  of  some  of  the  facts  established  within  recent  years  by 
various  investigations  into  subterranean  conditions  will  result  in 
more  harmonious  opinions,  and  make  possible  a  more  just  administra- 
tion of  the  laws  in  question. 

The  great  lack  of  agreement  among  authorities  on  questions  per- 
taining to  underground  waters  is  due  in  part  to  the  nature  of  the 
problems  involved.  There  is  so  much  that  is  uncertain  and  indefi- 
nite in  the  behavior  of  waters  hidden  beneath  the  surface  that  more 
or  less  uncertainty  must  unavoidably  attach  to  the  laws  respecting 
them.  Perhaps  the  only  i^racticable  remedy  is  to  be  found  in  the 
removal,  so  far  as  it  is  possible,  of  the  uncertainty  and  indefiniteness 
by  an  extension  of  our  knowledge  of  subterranean  conditions. 
Marked  advances  have  alreadv  been  made  in  this  direction,  and 
many  questions  may  be  settled  to-day  far  more  equitably  than  was 
possible  a  few  years  ago. 

It  is  believed  that  a  second  and  very  important*  reason  for  the 
unsatisfactory  condition  of  the  law  relating  to  luiderground  watei's  is 
to  be  found  in  the  fact  that  the  state  of  our  knowledge  regarding 
such  waters  is  now  in  advance  of  the  general  ruling  of  the  courts 
on  some  of  the  questions  involved.  The  earlier  legal  decisions  and 
authoritative  opinions  were  made  at  a  time  when  very  little  was 
known  regarding  that  which  was  beneath  the  surface.  The  funda- 
mental conception  upon  which  many  of  the  opinions  rest  is  that  we 
are  ignorant  of  the  conditions  controlling  waters  hidden  from  our 
view.  Since  that  time  the  progress  of  geological  science  has  wrested 
from  the  unknown  many  things  regarding  underground  w^atei's  and 
firmly  established  them  in  the  realms  of  known  fact.  These  things 
should  serve  to  make  possible  a  more  equitable  settlement  of  contro- 
versies involving  rights  to  underground  waters;  and  where  a  decision 
is  controlled  by  opinions  rendered  in  former  cases,  and  not  made  with 
due  regard  to  the  present  knowledge  respecting  subterranean  condi- 
tions, it  does  not  seem  that  a  just  settlement  of  the  controversy  can  be 
reached. 

That  the  earlier  decisions  and  opinions  serve  as  a  guide  for  later 
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decisions  is  a  fact  known  to  those  who  are  familiar  with  onr  legal 
procedure,  and  is  evident  on  reading  the  decisions  handed  down 
ill  the  various  cases.  Even  where  a  certain  judge  was  convinced 
from  the  evidence  that  the  older  decisions  were  manifestly  wrong 
wlien  applied  to  the  case  under  consideration,  the  additional  facts 
available  in  that  case  having  thrown  new  light  on  the  problem 
involved,  nevertheless  he  felt  compelled  to  decide  in  accordance  with 
(established  precedents  and  against  what  he  believed  to  be  the  right. 
(Collins  r.  Chartiers  V.  Gas  Co.,  131  Penn.  St.,  pp.  159-160.)  The 
higher  courts  in  this  instance  reversed  his  decision.  The  case  serves 
to  call  attention  to  the  importance  of  emphasizing  the  influence 
which  the  ever- increasing  knowledge  concerning  nndergi'ound  watei*j? 
may  and  should  have  in  governing  legal  decisions.  The  need  of 
accjuainting  the  public  with  such  facts  as  are  asc*ertained  by  the  drill- 
ing of  wells,  the  excavating  of  mines,  and  the  investigations  of  public 
or  private  surveys  is  evident. 

This  point  has  been  well  appreciated  by  Mr.  Justice  Mitchell,  who 
()l)served,  "Geology  is  a  progressive,  and  now,  in  many  resi)ects,  a 
jiractical  science,  and,  as  truly  remarked  by  the  learned  judge  below, 
in  his  opinion  on  the  motion  for  a  new  trial,  '  Since  the  decision  in 
Acton  /'.  Blundell  and  Wheatley  v.  Baugh,  probably  more  deep  wells 
have  been  drilled  in  western  Pennsylvania  than  had  previously  been 
(lug  in  the  entire  earth  in  all  time.  And  that  which  was  then  held 
to  he  nece&sarily  unknown  and  merely  speculative,  as  to  the  flow  of 
water  underground,  has  been,  by  experience  in  such  cases  as  this, 
reduced  almost  to  a  certainty.'  If  this  is  the  state  of  knowledge  at 
the  pi-esent  day ;  if  the  existence  of  a  stratum  of  clear  water,  and  its 
flow  into  wells  and  springs  of  the  vicinity,  and  the  existence  of  a 
separate  and  deeper  stratum  of  salt  water,  which  is  likely  to  rise  and 
mingle  with  the  fresh,  when  penetrated  in  boring  for  oil  or  gas,  are 
known,  and  the  means  of  preventing  the  mixing  are  available  at 
reasonable  expense,  then,  clearly,  it  would  be  a  violation  of  the  living 
spirit  of  the  law  not  to  recognize  the  change,  and  apply  the  settled 
and  immutable  principles  of  right  to  the  altered  conditions  of  fact." 
(Collins  r.  Chartiers  V.  Gas  Co.,  181  Penn.  St.,  pp.  159-1()0.) 

In  many  cases  the  original  lack  of  knowledge,  which  was  the  effi- 
tient  reason  for  the  ruling  of  the  law  has  already  disappeared.  It  is 
>ufficient  for  the  present  purpose*  to  call  attention  to  a  few  concrete 
instances.  Thus,  as  stated  by  one  authority,  it  has  been  held  "  that 
injury  to  springs,  wells,  etc.,  supplied  by  mere  percolation,  was  not 
actionable,  and  the  reason  has  always  l^nm  the  same,  that  the  dama^re 
could  not  be  foreseen  or  avoided."  We  are  now  in  possession  of 
definite  knowledge  concerning  the  amount,  rate,  and  direction  of  flow 
of  underground  water  in  certain  cases,  as  well  as  concerning  the 
thickness  of  the  water-bearing  stratum,  its  depth  below  the  surface, 
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and  other  valuable  facts.  In  such  cases  it  may  often  be  possible  to 
foretell  with  certainty  that  a  given  well  or  excavation  will  affect  the 
supply  of  a  neighboring  well  or  spring.  The  damage  may,  therefore, 
be  certainly  foreseen.  It  may  also  be  possible  to  show  how  a  different 
position  of  the  well  would  decrease  the  interference,  or  prevent  it 
entirely,  and  thus  avoid  the  damage  to  a  greater  or  less  extent.  The 
damage  may,  therefore,  be  avoided  in  cases.  The  statutes  of  South 
Dakota  and  one  or  two  other  States  recognize  this  possibility  to  fore- 
see and  prevent  well  interference,  and  make  due  provision  for  it 

So  also  it  is  now  possible,  in  many  cases,  to  predict  with  certainty 
what  course  would  be  taken  by  polluting  substances  carried  by  under- 
ground percolations,  and  so  foretell  which  wells  or  springs  would 
probably  suffer  and  which  would  not.  By  noting  the  inclination  and 
character  of  the  rocks  it  has  been  possible  to  show  that  the  polluted 
waters  from  a  cesspool  on  one  side  of  a  hill  would  without  doubt  bo 
carried  down  the  slope  of  the  beds,  through  the  hill,  to  a  spring  on 
the  opposite  side.  The  course  of  such  waters  may  in  cases  be  demon- 
strated experimentally. 

In  one  of  the  leading  cases  on  this  subject  it  was  argued  th:K 
*•  there  is  an  absolute  impossibility  for  anyone  to  know  what  are  tin* 
underground  currents,  where  they  begin,  what  they  produce,  and  in 
what  direction  they  run,  and  consequently  an  absolute  impossibility 
of  knowing  what  are  the  rights  in  relation  to  them."  To-day  we  do 
know,  in  numerous  cases,  what  the  underground  currents  are,  where 
they  begin,  in  what  direction  they  run,  and  even  at  what  rate  they 
progress,  of  what  volume  they  are,  and  what  in  general  are  their 
vertical  and  lateral  extents.  So  we  might  now  say  that  there  is  a 
possibility  of  knowing  and  defining  what  are  the  rights  in  relation 
to  them. 

According  to  some  authorities  percolating  waters  are  to  be  com- 
pared with  the  rocks  and  minerals  contained  in  the  ground,  and  abso- 
lute ownership  accorded  the  landowner  on  the  same  principle  in 
both  cases.  Such  is  the  idea  expressed  by  Joseph  K.  Angell  in  his 
treatise  on  The  Law  of  Water  Courses  (5th  edition,  pp.  110-111). 
in  the  following  words :  "  *  *  *  in  contemplation  of  law,  land 
always  extends  downward  as  well  as  upward;  so  that  whatever 
is  in  a  direct  line  between  the  surface  of  any  land  and  the  center 
of  the  earth  belongs  to  the  owner  of  the  surface.  It  would  cons<»- 
quently  seem  to  follow  that  whether  what  is  subterranean  be  solid 
rocks,  mines,  or  porous  soil,  or  salt  springs,  or  pait  land  and  part 
water,  the  j>erson  who  owns  the  surface  may  dig  therein  and  apply 
all  that  is  there  found  to  his  own  purposes  ad  libitum." 

It  seems  to  me  that  this  principle  is  essentially  erroneous.  We 
now  know  that  percolating  waters  may  and  usually  do  possess   a 
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ilefinite  course,  that  in  certain  cases  they  enter  the  ground  at  given 
kx^alities  which  may  often  lx>  (l(»tennined  with  accuracy,  that  they 
oft^n  have  a  certain  flow  witii  a  fairly  definite  velocity  year  in  and 
year  out,  and  that  they  exist  at  certain  depths  below  the  surface.  It 
is  evident,  then,  that  such  waters  are  not  to  be  compared  with  rocks 
and  minerals  which  are,  as  such,  stationary  in  the  soil  where  they 
(H'cur  until  removed  by  some  external  ix)wer ;  but  that  they  are  l)etter 
to  l)e  compared  with  those  watei-s  upon  the  surface  which  pass  into 
the  land  from  one  direction  and  out  of  it  in  another,  and  which  are 
not  regarded  as  the  absolute  pro|)erty  of  the  landowner.  Further- 
more, the  removal  of  the  rocks  and  soil  from  the  land  of  one  owner 
tioes  not  take  away  the  rocks  and  soil  belonging  to  his  neighlwr: 
while  the  removal  of  percolating  water  from  the  land  of  one  owner 
does  result  in  taking  away  the  {percolating  water  l)elonging  to  that 
neighbor.  In  other  words,  there  certainly  is  a  comnion  interest  in  the 
water  which  does  not  exist  in  the  case*of  the  rocks  and  soil.  As  has 
been  well  said  by  Justice  Temple,  ''  It  is  obvious  at  once  that  the 
analogy  between  the  right  to  remove  sand  and  gravel  from  land  for 
siilo  and  to  remove  and  sell  percolating  water  is  not  perfect.  If  we 
suppose  a  saturated  plain,  one  may  remove  and  si^U  the  sand  and 
gravel  from  his  land  without  affecting  or  diminishing  the  sjind  and 
gravel  from  the  lands  of  his  neighboi-s.  *  *  *  iJjit  when  he 
drains  out  and  sells  the  water  on  his  land  he  draws  to  his  land,  and 
also  sells,  water  which  is  the  projxM'ty  of  his  neighbor.  *  *  * 
In  short,  the  members  of  the  connnunity,  in  the  case  supposed,  have 
a  common  interest  in  the  water.  It  is  necessary  for  all,  and  it  is 
an  anomaly  in  the  law  if  one  person  can,  for  his  individual  profit, 
destroy  the  community  and  render  the  neighborhood  uninhal)itable." 
(Katz  r.  Walkinshaw,  141  Cal.,  p.  140.) 

It  is  believed  therefore  that  absolute  ownership  of  percolating 
waters  can  not  l)e  properly  granted  to  any  landowner  on  the  basis 
of  the  principles  here  considered;  but  must  Ik»  granted,  if  at  all,  on 
the  ground  that  our  ignorance  of  subterranean  conditions,  or  consid- 
emtions  of  public  policy,  make  such  a  ruling  necessary.  With  the 
disappearence  of  the  ignorance  in  question  one  of  the  reasons  for 
such  a  law  disappeai*s,  and  it  remains  to  l)c  seen  what  provisions 
of  the  law,  in  the  light  of  new  facts,  are  justified  by  considerations 
of  public  policy. 

As  was  pointed  out  at  the  beginning  of  the  discussion  of  under- 
ground waters  of  the  second  class,  some  authorities  justify  the  refusal 
of  the  common  law  to  recognize  correlative  rights  in  respect  to  such 
waters  on  the  ground  that  "  the  existence,  origin,  nu)vement,  and 
course  of  such  waters,  and  the  causes  which  govern  and  direct  their 
movements,  are  so  secret,  occult,  and  concealed  that  an  attempt  to 
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administer  any  set  of  legal  rules  in  respect  to  them  would  be  involved 
in  hopeless  uncertainty,  and  would  be  therefore  practically  impos- 
hible."  At  the  present  time  our  knowledge  of  the  workings  of  under- 
ground waters,  of  their  origin,  movement,  and  courses,  and  of  the 
causes  which  govern  their  actions,  leaves  much  less  in  the  realm  of 
the  "  secret,  occult,  and  concealed."  It  is  possible  to  define  certain 
rights  in  these  waters,  and  to  protect  those  rights  as  well  as  those  in 
surface  waters.  As  has  been  recently  held  by  a  California  court: 
"  The  difficulties  which  the  courts  will  meet  in  securing  persons 
necessarily  using  percolating  water  for  irrigation  by  means  of  arte- 
sian wells,  from  the  infliction  of  great  wrong  and  injustice  by  its 
diversion,  if  property  rights  therein  are  recognized,  can  not  justif}^ 
the  court  in  ab^-ndoning  the  task  as  impossible.  The  courts  can  pro- 
tect this  particular  species  of  property  in  water  as  effectually  as 
water  rights  of  any  other  description."  (Katz  v.  Walkinshaw,  141 
Cal.,  p.  116.) 

There  yet  remains  much  that  is  uncertain  regarding  subterranean 
conditions;  but  as,  in  the  past,  geology  has  added  much  to  our  store  of 
knowledge  concerning  those  conditions,  so  in  the  future  we  may  con- 
fidently expect  a  continued  increase  in  the  known  facts.  And  with 
this  increase  in  knowledge  we  should  look  toward  an  increasingly  sjit- 
isfactory  adjustment  of  those  controversies  which  arise  concerning 
subterranean  waters.  There  probably  must  always  be  cases  in  which 
the  subterranean  conditions  are  indefinite  or  imknown,  but  the  num- 
ber of  such  cases  will  decrease;  while  it  will  be  possible  to  adjust  a 
constantly  increasing  proportion  of  the  cases  more  equitably  than  was 
possible  in  the  days  when  practically  nothing  was  known  about  that 
which  lies  hidden  beneath  the  surface  of  the  ground. 

The  lack  of  agreement  among  legal  authorities  on  many  of  the 
questions  at  issue  is  rather  more  fortunate  than  unfortunate  in  one 
re^spect  at  least,  since  it  bears  witness  to  the  uncertain  position  of  the 
law  on  the  points  involved  and  opens  the  way  more  readily  for  new 
knowledge  bearing  on  the  problems.  Where  the  court  is  not  bound 
by  a  long  and  unbroken  line  of  legal  authority,  its  decision  is  more 
apt  to  Ije  in  accordance  with  the  general  principles  of  right  as  applied 
to  the  present  state  of  knowledge  regarding  the  problem  under  con 
sideration.  More  importance  will  attach  to  a  complete  And  searching 
investigation  into  all  the  facts  of  the  case  in  hand,  since  less  will 
depend  upon  decisions  rendered  in  similar  cases  years  ago. 


CHAPTER     II. 

liKGISIiATIVE  ACTS  AFPEeriNC;  ITNDERGROITNI)  WATERS. 

INTRODUCTION. 

It  has  been  thought  advisable  to  present  a  brief  review  of  the  more 
important  legislation  enacted  by  the  different  States  and  Territories 
on  the  subject  of  underground  waters.  No  attempt  has  bi^en  made 
to  gather  every  reference  in  State  laws  to  the  subject,  but  it  is 
believed  the  following  summary  will  give  a  fairly  accurate  idea 
of  the  extent  of  such  legislation  and  will  furnish  the  reader  with 
the  most  important  provisions  relating  directly  to  the  control  of 
waters  flowing  beneath  the  surface  of  the  ground. 

It  will  readily  appear  that  most  of  the  legislation  on  this  subject 
has  arisen  in  connection  with  the  sinking  of  artesian  wells  for  the 
purpose  of  securing  underground  water  for  domestic  and  mechanical 
purposes,  and  more  especially  for  irrigation.  In  some  of  the  West- 
ern States,  where  irrigation  is  largely  dependent  on  artesian  wells, 
this  class  of  underground  waters  occupies  a  prominent  place  in  the 
State  laws. 

Much  of  the  legislation  on  this  subject  refers  only  indirectly  to 
the  underground  water  itself,  being  concerned  with  the  duties  of 
officials  in  regard  to  the  sinking  and  controlling  of  wells,  the  appro- 
priation of  money,  and  the  levying  of  taxes  to  provide  for  the  cost 
of  such  wells,  the  rights  and  duties  of  those  benefited  by  the  water 
thus  secured,  and  other  topics  of  this  general  class.  Material  of  this 
character  has  been  omitted,  brief  references  sometimes  being  given 
to  the  reports  where  it  may  be  found. 

Most  of  the  States  having  special  laws  relating  to  underground 
waters  are  given  below  in  alphabetical  order,  with  such  reference 
to  their  laws  as  seemed  desirable  for  the  purpose  of  this  report. 

CALIFORNIA. 

The  laws  of  California  provide  for  the  regulation  of  the  use  of 
artesian  wells  and  prohibit  the  waste  of  subterranean  waters.  In 
an  act  (L.,  1877-78,  p.  195),  approved  in  1878,  it  is  provided  (sec.  1) 
that: 

*'Any  artesian  well  which  is  not  capped  or  furnished  with  such 
mechanical  appliances  as  will  readily  and  effectively  arrest  and  pre- 
vent the  flow  of  water  from  such  well  is  herebv  declared  to  he.  a 
public  nuisance.     The  owner,  tenant,  or  occupant  of  the  land  upon 

39 


40  RELATION    OF   THE   LAW   TO   UNDERGROUND    WATERS,   [no.  12L>. 

which  such  well  is  situated  who  causes,  permits,  or  suffers  such  pub- 
lic nuisance,  or  suffers  or  permits  it  to  remain  or  continue,  is  guiltv 
of  a  misdemeanor." 

Also  (sec.  2)  that: 

"Any  person  owning,  possessing,  or  occupying  any  land  upon 
which  is  situated  an  artesian  well,  who  causes,  suffers,  or  permits  the 
water  to  unnecessarily  flow  from  such  well  or  to  go  to  waste,  is  guilty 
of  a  misdemeanor." 

For  the  purposes  of  this  act  an  artesian  well  is  defined  (sec.  3)  as 
"  any  artificial  well  the  waters  of  which  will  flow  continuously  over 
the  surface  of  the  ground  adjacent  to  such  well  at  any  season  of  the 
year;"  and  waste  is  defined  (sec.  4)  as  follows:  "The  causing,  suf- 
fering, or  permitting  the  waters  flowing  from  such  well  to  run  into 
any  river,  creek,  or  other  natural  water  course  or  channel,  or  into  any 
bay,  lake,  or  pond,  or  into  any  street,  road,  highway,  or  upon  the  land 
of  any  person  other  than  that  of  the  owner  of  such  well,  or  upon  the 
public  lands  of  the  United  States  or  of  the  State  of  California,  unless 
it  be  used  thereon  for  the  purposes  and  in  the  manner  that  it  may  be 
lawfulh'^  used  upon  the  land  of  the  owner  of  such  well:  Provided^ 
That  this  section  shall  not  be  so  construed  as  to  prevent  the  use  of 
such  waters  for  the  proper  irrigation  of  trees  standing  along  or  uj)on 
the  street,  road,  or  highway,  or  for  ornamental  ponds,  or  for  the 
propagation  of  fish." 

A  fine  of  not  less  than  $10  or  more  than  $50,  together  with  the  cost 
of  prosecution,  is  assessed  against  those  convicted  of  violating  any 
of  the  provisions  of  this  act,  and  the  supervisors  or  roadmastei's  aiv 
empowered  to  enter  upon  the  premises  where  wells  complained  of 
are  situated,  and  to  institute  criminal  action  where  violation  of  the 
provisions  of  this  act  is  discovered. 

COLORADO. 

The  laws  of  Colorado  regulate  the  use  of  artesian  wells  and  pro- 
hibit the  waste  of  subterranean  waters  in  much  the  same  wav  as  the 
laws  of  California  above  cited.  Further  provisions  are  made  for 
the  keeping  of  accurate  records  of  the  depth  and  thickness  of  the  dif- 
ferent strata  penetrated,  for  determining  the  legal  status  of  seepage 
or  spring  waters,  and  for  the  sinking  of  certain  artesian  wells. 

An  act  (L.,  1887,  p.  52)  approved  in  1887  provides  (sees.  1  and 
2)  that:  "Any  artesian  well  which  is  not  tightly  cased,  capped,  or 
furnished  with  such  mechanical  appliances  as  will  readily  and  effect- 
ively prevent  the  flow  of  water  from  such  well  is  hereby  declared  ti> 
be  a  public  nuisance.  The  owner,  tenant,  or  occupant  of  the  land 
upon  which  such  well  is  situated,  who  causes,  permits,  or  suffers  sueli 
j)ublic  nuisance,  or  suffers  or  }>ermits  it  to  remain  or  continue,  is 
guilty  of  a  misdemeanor. 


joHxso».l  STATUTE  LAW:    IDAHO.  41 

"  Any  person  owning,  ]K>sses.«ing:,  or  oc<!upying  any  land  upon  which 
is  situated  an  artesian  well,  who  causes,  suffers,  or  permits  the  water 
to  unnecessarily  flow  from  such  well,  or  to  go  to  waste,  is  guilty  of  a 
misdemeanor." 

For  the  purposes  of  this  act  an  artesian  well  is  defined  much  the 
same  as  under  the  California  law  above  cited,  except  that  it  is  pro- 
vided that  nothing  in  the  act  shall  apply  to  water  flowing  from 
mining  shafts,  and  the  definition  is  made  to  read,  "  the  waters  of 
which,  if  properly  cased,  will  flow  continuously,"  etc. 

Waste  is  defined  as  in  the  California  law,  with  a  few  minor  modifi- 
cations in  the  wording,  and  with  the  provision  that  the  use  of  the 
water  for  agricultural  purposes  is  allowed  in  addition  to  the  other 
uses  enumerated  above. 

A  fine  of  not  less  than  $50  nor  more  than  $300,  together  with  the 
cost  of  prosecution,  is  assessed  against  anyone  violating  any  of  the 
provisions  of  the  act.  The  county  commissioners,  road  overseers,  city 
engineer,  or  city  officers  are  empowered  to  investigate  and  prosecute 
alleged  violations  of  the  act. 

It  is  further  provided  (sec.  7)  that:  "Any  person  boring  or  causing 
to  be  bored  an  artesian  well,  shall  keep  a  complete  and  accurate  record 
of  the  depth  and  thickness  of  the  different  strata  penetrated,  and 
when  such  well  is  completed,  shall  file  such  record  in  the  office  of  the 
county  clerk  and  recorder  of  the  county  within  which  such  well  is 
situated,  and  immediately  transmit  a  copy  of  such  record  to  the  office 
of  the  State  engineer.  Any  person  violating  the  provisions  of  this 
section  shall  be  deemed  guilty  of  a  misdemeanor  and  shall,  upon  con- 
viction, be  fined  not  less  th^n  ten  nor  more  than  fifty  dollars." 

By  an  act  (L.,  1889,  p.  215),  approved  in  1889,  the  rights  relating  to 
the  use  of  seepage  and  spring  waters  are  defined  as  follows:  "All 
ditches  now  constructed  or  hereafter  to  be  constructed  for  the  pur- 
pose of  utilizing  the  waste,  seepage,  or  spring  waters  of  the  State 
shall  be  governed  by  the  same  laws  relating  to  priority  of  right  as 
those  ditches  constructed  for  the  purpose  of  utilizing  the  water  of 
running  streams:  P7'ovided^  That  the  person  upon  whose  land  the 
s<?epage  or  spring  waters  first  arise  shall  have  the  prior  right  to  such 
waters  if  capable  of  being  used  upon  his  lands." 

A  number  of  acts  have  been  passed  at  different  times  providing  for 
the  sinking  t)f  artesian  wells  at  certain  localities  and  appropriating 
money  therefor. 

IDAHO. 

The  rights  relating  to  subterranean  waters  in  Idaho  are  thus  de- 
fined (L.,  1899,  p.  380,  sees.  2  and  23) : 

"  The  right  to  the  use  of  the  watei^s  of  rivers,  streams,  lakes,  ponds, 
and  subterranean  waters  may  be  acquired  by  appropriation. 
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"All  ditches  now  constructed,  or  which  may  hereafter  be  con- 
structed, for  the  purpose  of  utilizing  seepage,  waste,  or  spring  water 
of  the  State  shall  be  governed  by  the  same  laws  relating  to  priority 
of  right  as  those  ditches,  canals,  and  conduits  constructed  for  the 
purpose  of  utilizing  the  waters  of  running  streams." 

MICHIGAN. 

In  the  State  of  Michigan  the  question  of  well  interference  is  dealt 
with  as  follows : 

"  No  person  or  persons,  or  corporation  other  than  municipal  cor- 
porations, owning  or  operating  any  artesian  well,  shall  allow  the  same 
to  flow  a  larger  stream  than  will  flow  through  a  pipe  1  inch  in  diame- 
ter, to  the  detriment  or  injury  of  any  other  well  or  wells,  without  the 
consent  of  the  owners  of  such  well  or  wells  so  injured. 

"xVny  person  or  persons  who  shall  suffer  any  damage  because  of  the 
violations  of  the  provisions  of  this  act  shall  be  entitled  to  recover  the 
same  from  the  person  or  persons  or  corporations  so  causing  the  same, 
the  action  of  trespass  or  the  case  to  be  brought  in  any  court  of  com- 
petent jurisdiction. 

"  This  act  shall  not  apply  to  salt,  oil,  mineral  water,  or  gas  wells, 
or  wells  leased  for  bath  purpose's."     (L.,  1889,  p.  221.) 

NEBRASKA. 

In  1897  the  following  act  was  passed  "  to  prohibit  the  needless  waste 
of  mutual  artesian  water  in  the  State  of  Nebraska  "  (L.,  1897,  p.  358, 
chap.  84,  sees.  1-8)  : 

"That  it  shall  be  unlawful  for  the  owner  or  owners,  lessee  or 
lessees,  occupier  or  occupiers,  foreman  or  superintendent  of  any  farm, 
town  lot,  or  other  real  estate  in  the  State  of  Nebraska  where  artesian 
water  has  been  found,  or  may  be  found  hereafter,  to  allow  the  water 
from  wells  or  other  borings  or  drillings  on  any  farm,  town  lot,  or 
other  real  estate  in  Nebraska  to  flow  out  and  run  to  waste  in  anv  man- 
ner  to  exceed  what  will  flow  or  run  through  a  pipe  one-half  of  one 
inch  in  diameter,  except  where  the  water  is  first  used  for  irrigation,  or 
to  create  power  for  milling  or  other  mechanical  purposes. 

"Any  person  or  persons  who  own,  occupy,  or  have  control  of  any 
farm,  town  lot,  or  other  real  estate  in  the  State  of  Nebraska  who  fail 
or  refuse  to  shut  off  the  wastage  of  artesian  water  to  the  amount  that 
this  act  allows  on  any  farm,  town  lot,  or  other  real  estate  which  they 
own,  occupy,  or  have  control  of,  after  being  notified  in  writing  by 
any  person  having  the  benefit  of  said  mutual  water  supply,  within 
forty-eight  hours  after  such  notification,  shall  be  subject  to  arrest  and, 
upon  conviction,  \)c  fined  in  any  sum  not  less  than  ten  nor  more  than 
twenty-five  dollars,  and  pay  the  costs  of  such  arrest  and  prosecution 
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for  each  offense;  and  if  such  wastage  be  not  abated  within  twenty- 
four  hours  after  such  arrest  and  conviction,  it  shall  be  deemed  a  sec- 
ond offense  against  the  provisions  of.  this  act  and  be  subject  to  the 
same  fine  as  for  the  first  offense,  and  each  like  offense  or  neglect  of 
each  twenty-four  hours  thereafter  shall  be  deemed  and  constitute  an 
additional  offense  against  the  provisions  of  this  act. 

"All  prosecutions  under  the  provisions  of  this  act  shall  be  brought 
by  any  person  in  the  name  of  the  State  of  Nebraska  against  any  per- 
son or  persons  violating  any  of  the  provisions  of  this  act,  before  any 
justice  of  the  peace  of  the  county  in  which  such  violation  is  alleged  to 
have  taken  place,  or  before  any  court  of  competent  jurisdiction." 

NEVADA. 

In  order  to  encourage  the  search  for  artesian  waters  in  the  State 
of  Nevada,  several  acts  and  amendments  thereto  have  been  passed 
providing  bounties  for  those  who  sink  artesian  wells.  Thus  it  is 
provided  that  the  party  sinking  an  artesian  well,  where  flowing 
water  in  a  specified  quantity  is  obtained,  shall  receive  the  following 
bounties:  For  the  first  200  feet,  $1.25  per  foot;  for  the  third  100  feet, 
$1.50  per  foot;  for  the  fourth  100  feet,  $2  per  foot;  and  so  on,  up  to 
$4.50  j>er  foot  for  the  tenth  100  feet;  and  for  all  depth  exceeding 
1,000  feet  $5  per  foot  for  each  and  every  foot  below  the  said  1,000 
feet;  together  with  an  additional  bounty  of  $1,000  for  each  well  sunk 
to  a  depth  of  1,000  feet  or  more.  Certain  conditions  relating  to  the 
number  of  wells  allowable  within  a  given  area,  the  amount  of  water 
required,  and  the  persistence  of  flow,  are  prescribed. 

Under  certain  prescribed  conditions  a  bounty  of  $2,500  is  offered 
to  the  person  who  first  sinks  a  well  in  the  State  of  Nevada,  not  less 
than  ()  inches  in  diameter  at  the  bottom,  to  a  depth  of  1,000  feet,  said 
well  flowing  at  least  60  gallons  of  water  per  minute. 

A  jjerson  engaged  in  the  sinking  of  an  artesian  well  upon  any  un- 
occupied public  lands  subject  to  selection  by  the  State  of  Nevada, 
according  to  certain  specified  requirements,  shall  have  a  preferred 
right  to  all  the  lands  he  or  she  may  he  entitled  to  purchase  under  the 
provisions  of  certain  acts  providing  for  the  selection  and  sale  of  the 
public  lands  of  the  State. 

NEW  JERSEY. 

In  1904  an  act  (L.,  1904,  chap.  77,  p.  18S)  was  passed  in  New 
Jersey  which  empowered  cities  acquiring  their  water  supply  from 
artesian  wells  to  improve  and  enlarge  that  supply,  as  follows: 

"  It  shall  and  may  be  lawful  for  the  governing  lx)ard  of  any  city 
now  or  hereafter  acquiring  its  water  supply  from  artesian  wells, 
whenever  in  their  judgment  they  shall  deem  it  expedient  to  do  so,  to 
cause  to  be  constructed  an  additional  pipe  line  or  main  to  connect 
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such  water  supply  with  any  distributing  reservoir  within  such  city 
or  with  water-supply  pipes  or  mains  to  any  point  within  such  city, 
and  to  dig  and  construct  artesian  wells,  and  to  purchase  and  erect 
and  to  set  up  meters,  machinery,  and  other  fixtures  in  connection  with 
and  for  the  improvement  of  the  water  supply  and  waterworks  plant 
of  such  city  and  to  purchase  and  condemn  land,  waters,  and  rights, 
and  otherwise  to  improve,  enlarge,  and  extend  said  water  supply  and 
waterworks  plant  of  such  city,  provided,  however,  that  all  such 
works  shall  be  done  and  constructed  by  contract  after  public  bidding 
therefor,  in  the  manner  prescribed  in  the  laws  now  governing  such 
city." 

NEW  MEXICO. 

An  act  passed  in  1897  authorizes  any  county  in  the  Territory  to 
issue  and  sell  bonds  for  the  purpose  of  sinking  artesian  wells.  It 
states  (L.,  1897,  chap.  66,  sec.  2)  that  "  the  object  of  said  wells  shall 
be  to  ascertain  whether  flowing  water  can  be  procui"ed  on  lands  at 
present  considered  beyond  and  above  the  water  belt — that  is,  above 
and  beyond  the  belt  wherein  it  has  been  demonstrated  that  flowing 
water  can  be  obtained,  and  to  encourage  the  boring  of  such  wells  for 
the  purpose  of  increasing  the  area  and  productiveness  of  our  agri- 
cultural lands  and  to  ixiclaim  high  mesa  lands  which  are  now  value- 
less for  agricultural  purposes." 

By  an  act  approved  in  1903  the  superintendent  of  the  New  Mexico 
penitentiary  was  authorized  to  provide  for  the  drilling  of  an  experi- 
mental well  on  land  belonging  to  the  penitentiary. 

OKLAHOMA. 

The  laws  of  Oklahoma  have  definitely  embodied  the  general  prin- 
ciples upon  which  the  common-law  decisions  relating  to  the  different 
rights  in  underground  and  surface  waters  are  based.  Thus  it  is 
stated  (Revised  and  Annotated  Statutes,  1903,  chap.  65,  Property, 
art.  3)  :  "  The  owner  of  the  land  owns  water  standing  thereon  or 
flowing  over  or  under  its  surface,  but  not  forming  a  definite  stream. 
AVater  running  in  a  definite  sti^eam  formed  by  nature  over  or  under 
the  surface  may  be  used  by  him  so  long  as  it  remains  there,  but  he 
may  not  prevent  the  natural  flow  of  the  stream  or  of  the  natural 
spring  from  which  it  commences." 

OREGON. 

The  rights  to  seepage  and  spring  waters  in  the  State  of  Oregon  are 
thus  stated  (L.,  1893,  p.  150)  :  "All  dit(»hes  now  constructed,  or  here- 
after to  be  constructed,  for  the  purpose*,  of  utilizing  the  waste,  spring, 
or  seepage  waters  of  the  State  shall  be  governed  by  the  same  laws 
relating  to  priority  of  right  as  those  ditches  constructed  for  the  pur- 
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pose  of  utiliKiiig  the  watei's  of  running  streams:  Prorided^  That  the 
I)erson  upon  whose  lands  the  seepage  or  spring  waters  first  arise  shall 
have  the  ri^t  to  the  use  of  such  waters." 

SOUTH  DAKOTA. 

A  great  deal  of  legislation  has  been  enacted  in  South  Dakota  con- 
cerning artesian  wells,  especially  acts  providing  for  the  sinking  of 
such  wells,  defining  the  rights  and  liabilities  of  those  who  do  sink 
them  or  who  have  control  of  them,  and  providing  for  the  levying  of 
taxes  and  the  issuing  of  bonds  to  pay  the  necessary  expenses.  Those 
sections  referring  to  official  duties,  the  levying  of  taxes,  etc.,  are  not 
here  considered,  only  the  sections  dealing  more  directly  with  subter- 
ranean waters  being  cited. 

By  a  series  of  acts  (L.,  1889,  chap.  U;  1890,  chap.  103;  1891,  chap. 
80;  1893,  chap.  109;  1895,  chaps.  103,  106,  107,  108;  1897,  chap.  74; 
1903,  chaps.  63,  64)  and  amendments  thereto,  it  is  provided  that  arte- 
sian wells  mav  be  sunk  and  watercourses  be  constructed  therefrom 
upon  petition  of  a  majority  of  the  qualified  electors  of  any  tow^nship 
in  which  the  wells  and  the  lands  benefited  thereby  may  be  located;  and 
that  county,  township,  and  special  taxes  may  be  levied  to  pay  the  cost 
of  such  wells  and  watercourses.  Or  any  person  or  persons,  corpora- 
tion or  company  may  construct  artesian  wells  upon  lands  leased  by 
them,  and  construct  watercourses  therefrom,  the  proprietors  of  such 
wells  bearing  the  expense  in  proportion  to  their  several  interests. 
Certain  restrictions  are  made  regarding  the  number  and  location  of 
waterways  constructed  from  the  wells,  and  the  rights  of  parties  con- 
trolling such  waterways,  of  parties  whose  lands  are  crossed  by  them, 
and  of  the  public  are  defined. 

"All  subterranean  waters  in  the  State  of  South  Dakota  mav  be  used 
for  irrigation,  mechanical,  and  domestic  purix)ses,"  according  to  the 
provisions  stated  in  the  several  acts.  One  such  provision  requires  the 
keeping  of  well  records,  as  follows : 

"  It  is  hereby  made  the  duty  of  the  township  board  to  embody  in 
the  contract  for  the  sinking  of  said  public  artesian  wells  a  proviso 
that  the  person  sinking  said  wells  shall  make  a  record  of  the  depth  of 
each  well  and  the  fcJrmations  entered  or  passed  through  in  the  con- 
h^truction  of  the  same,  and  such  provision  is  hereby  made  an  essence  of 
the  contract  and  a  violation  thereof  shall  be  construed  to  be  a  viola- 
tion of  the  contract."     (L.,.  1891,  chap.  80,  sec.  35.) 

The  danger  of  "  well  interference  "  is  recognized,  and  certain  pro- 
visions made  for  avoiding  the  trouble,  so  far  as  is  practicable.  Thus 
it  is  provided  (L.,  1891,  chap.  80,  sec.  42)  that  "Any  person,  associa- 
tion, or  corporation  owning  land  shall  have  the  right  to  sink  or  bore 
an  artesian  well  or  wells  on  his,  their,  or  its  lands,  for  the  purpose  of 
procuring  water  for  domestic  use,  for  irrigation,  or  for  manufactur- 
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iiig  purposes;  but  in  wells  hereafter  constructed  no  more  water  shall 
be  approjiriated  by  such  person,  association,  or  corporation  than  is 
needed  for  said  purposes,  when  such  additional  use  of  water  interferes 
with  the  flow  of  wells  on  adjacent  lands." 

It  has  already  been  pointed  out,  in  the  first  part  of  this  report,  that 
well  interference  may  be  foreseen  and  prevented  to  a  greater  or  less 
extent  by  proper  distribution  of  the  wells.  The  decisions  of  the 
common  law  are  in  part  based  on  the  erroneous  principle  that  it  is 
impossible  for  any  man  to  know  until  after  his  well  is  completed 
whether  or  not  it  will  affect  the  flow  of  his  neighbor's  well.  The 
State  of  South  Dakota  recognizes  the  possibility  of  foreseeing  and 
preventing  well  interference,  and  deals  with  the  question  in  the 
following  manner : 

'"  In  locating  wells  in  townships  which  have  established  and  put 
down  wells  under  the. provisions  of  this  act  for  public  use  or  by  pri- 
vate parties,  due  regard  shall  be  had  to  their  proper  distribution,  in 
order  that  the  flow  of  the  wells  may  be  properly  equalized  and  least 
likely  to  interfere  with  each  other.  Shoidd  any  well  in  such  town- 
ship, public  or  private,  be  located  so  near  any  well  already  com- 
pleted or  in  process  of  completion  as  to  be  likely  to  interfere  with  the 
same,  any  person  may  complain  in  writing  to  the  State  engineer,  who 
shall  without  delay  proceed  to  examine  the  locality  and  determine 
from  its  topography  and  the  proximity  of  the  wells  whether,  in  his 
judgment,  the  wells  as  located  wo\ild  unduly  interfere  with  the  one 
already  completed  or  in  course  of  completion.  If  in  his  judgment 
there  will  be  no  material  interference,  the  location  will  not  be  changed, 
hut  if  in  his  opinion  the  well  as  located  will  materially  interfeiv  with 
the  one  completed  or  in  course  of  completion  he  shall  change  the  loca- 
tion of  said  well  to  some  more  suitable  locality;  provided,  that  when 
j>ermanent  buildings  have  been  located  on  any  farm  prior  to  the  sink- 
ing of  any  artesian  well  on  any  adjoining  farm,  this  act  shall  not  be 
construed  as  prohibiting  the  agent  or  proprietor  of  said  farm  from 
sinking  an  artesian  well  at  or  near  said  building  without  reference  to 
the  proximity  of  any  other  artesian  well.     The  State  engineer*  shall, 

within  five  davs  after  said  examination,  make  a  written  statement 

I.  ' 

of  his  decision  and  file  the  same  or  a  copy  thereof  in  the  office  of  the 
circuit  court  of  the  countv  wherein  the  said  wells  are  located.  Anv 
person  aggrieved  by  the  decision  of  the  State  engineer  may,  within 
ten  da^'s  after  the  filing  of  the  decision  in  the  office  of  the  clerk  of 
the  circuit  court,  appeal  from  the  same  to  the  circuit  court  and  upon 
such  appeal  the  question  shall  be  tried  de  novo."  (L.,  1891,  chap.  80, 
sec.  43.) 

In  order  to  determine  whether  the  amount  of  water  flowing  from 
an  artesian  well  is  increasing  or  decreasing,  the  State  engineer  is 
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required  "  to  measure  or  to  cause  to  be  measured  the  flow  and  pressure 
of  all  artesian  wells  established  and  put  down  under  the  provisions 
of  this  act,  public  and  private,  at  such  times  as  he  may  deem  proper, 
for  the  purpose  of  determining  the  increase  or  diminution  of  the  flow 
or  pressure  of  said  well,  and  is  hereby  authorized  to  enter  upon  any 
pounds  for  the  purposes  aforesaid,  and  the  owner  or  owners  of  such 
well  or  wells  are  hereby  directed  to  furnish  the  necessary  material  to 
construct  a  suitable  weir  to  measure  the  flow,  and  all  reasonable  con- 

■ 

veniences  shall  be  afforded  for  this  purpose."  (L.,  1891,  chap  80, 
sec.  4^ 

Ev^y  person  sinking  an  artesian  well  is  required  to  provide  for 
such  well  a  proper  casing,  in  order  to  prevent  the  well  from  caving  in 
and  to  prevent  the  escape  of  the  water  when  it  is  desirable  that  such 
water  be  confined;  and  he  is  further  required  to  provide  such  valve 
and  appliances  as  will  enable  him  to  control  the  flow  of  the  water  from 
the  well.  Concerning  the  wasting  of  artesian  watei*s,  it  is  provided 
(L..  1891,  chap.  80,  sec.  4C)  that:  *'  No  person  controlling  an  artesian 
well  shall  suffer  or  permit  the  water  therefrom  to  flow  to  waste  unless 
and  so  far  as  reasonably  necessary  to  prevent  obstruction  thereof,  or 
to  flow  or  to  be  taken  therefrom  save  for  l)eneficial  uses:  Pro r /(led ^ 
This  shall  not  be  so  construed  as  to  prevent  the  reasonable  use  of  said 
water  for  the  necessary  irrigation  of  trees  standing  along  or  upon  any 
street,  road,  or  highway,  or  for  ornamental  ponds  or  fountains,  or  the 
propagation  of  fish." 

If  any  person  complains  that  the  proprietor  of  an  artesian  well,  or 
the  party  controlling  such  well,  is  in  the  habit  of  letting  the  waters  go 
lo  waste,  the  township  supervisor,  county  commissioner,  road  ovei*si»er, 
alderman,  or  other  city  officei-s  may  enter  ui)on  the  pi'emist^s  where  the 
well  is  kwated  in  order  to  determine  whether  the  complaint  is  justified, 
and  may  institute  criminal  prosecution  in  case  violation  of  the  law  is 
ascertained.  If  the  well  is  without  valves  to  regulate  the  flow  and 
prevent  waste,  the  {person  owning  the  well  may  be  fined  \ip  to  one  hun- 
di'ed  dollars  or  be  imprisoned  not  more  than  three  months  in  jail,  or 
lx)th. 

The  flow  of  water  through  a  watercourse  from  any  artesian  well  is 
not  to  be  interfered  with,  it  being  the  duty  of  every  person  through 
whose  land  such  a  watercourse  runs  to  keep  the  same  open  and  unob- 
structed. The  road  overseer  nnist  keep  such  watercours(>s  along  a 
public  highway  clear.  It  is  further  provided  (L.,  1893,  chap.  109, 
Mic.  32)  that :  '*A11  natural  watercourses  in  this  State,  whenever  an 
artesian  well  is  located  thereon  under  the  provisions  of  this  act,  are 
hereby  created  and  declared  public  natural  watercourses  for  the  flow 
of  water  from  such  artesian  wells  for  the  benefit  of  the  public  and  of 
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private  individuals  located  on  such  watercourses,  subject  only  to  com- 
pensation for  damages  as  in  this  act  provided." 

UTAH. 

"  The  waters  of  all  streams  and  other  sources  in  this  State,  whether 
flowing  above  or  underground  in  known  or  definite  channels,  are 
Jiereby  declared  to  be  the  property  of  the  public,  subject  to  all  existing 
rights  to  the  use  thereof."    (L.,  1903,  chap.  100,  sec.  47.) 

WASHINGTON. 

In  the  State  of  Washington  the  rights  to  seepage  and  spring  ^ters 
are  thus  defined : 

"All  ditches  now  constructed  or  hereafter  to  be  constructed  for  the 
purpose  <jf  utilizing  the  waste,  seepage,  or  spring  waters  of  the  State 

shall  be  covered  bv  the  same  laws  as  those  ditches  constructed  for  the 

I/ 

purpose  of  utilizing  the  water  of  natural  streams  and  lakes:  Prot^hhul^ 
That  the  person  upon  whose  land  the  seepage  or  spring  waters  first 
rise  shall  have  a  prior  right  to  such  waters,  if  capable  of  being  used 
upon  his  lands."     (L.,  1890,  p.  710,  sec.  15.) 

In  1901  an  act  was  passed  "  in  relation  to  artesian  wells  and  regu- 
lating the  flow  of  waters  therefrom :  and  providing  a  penalty  for  the 
violation  thereof."  (L.,  1901,  p.  259,  sec.  1-4.)  The  text  of  this  act 
is  given  in  full : 

"  It  shall  be  unlawful  for  any  person,  firm,  corporation,  or  company 
having  possession  or  control  of  any  artesian  well  within  the  State, 
whether  as  contractor,  owner,  lessee,  agent,  or  manager,  to  allow  or 
permit  water  to  flow  or  escape  from  such  well  between  the  first  day  of 
October  in  any  year  and  the  first  day  of  April  next  ensuing:  Prorided. 
That  this  act  shall  only  apply  to  sections  and  communities  wherein 
the  use  of  water  for  the  purposes  of  irrigation  is  necessary  or  cus- 
tomary: And  provided  further^  That  nothing  herein  contained  shall 
prevent  or  prohibit  the  use  of  water-  from  such  well  between  the  first 
day  of  October  and  the  first  day  of  April  next  ensuing  for  house- 
hold, stock,  and  domestic  purposes  only,  water  for  the  last-named  pur- 
pose's to  be  taken  from  such  well  through  a  one-half  inch  stop  and 
waste  cock  to  be  inserted  in  the  piping  of  such  well  for  that  purpose. 

"  It  shall  be  the  duty  of  every  person,  firm,  corporation,  or  company 
having  possession  or  control  of  any  artesian  well  as  provided  in  sec- 
tion 1  of  this  act  to  securely  cap  the  same  over,  on  or  before  the  first 
day  of  October  in  each  and  every  year,  in  such  manner  as  to  prevent 
the  flow  or  escape  of  water  therefrom,  and  to  keep  the  same  securely 
capped  and  prevent  the  flow  or  escape  of  water  therefrom  \intil  the 
first  day  of  April  next  ensuing:  Prorided^  howerpr^  It  shall  and  may 
be  lawful  for  any  such  person,  firm,  corporation,  or  company  to  insert 
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a  one-half  inch  stop  and  wast©  cock  in  the  piping  of  such  well  and  to 
take  and  use  water  therefrom  through  such  stop  and  waste  cock  at 
any  time,  for  household,  stock,  and  domestic  purposes,  but  not  other- 
wise. 

'*Any  person,  whether  the  owner,  lessee,  agent  or  manager,  having 
possession  of  any  such  well,  violating  the  provisions  of  this  act  shall 
be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall 
be  fined  in  any  sum  not  exceeding  two  hundred  dollars  for  each  and 
everv  such  offense,  and  the  further  sum  of  two  hxmdred  dollars  for 
each  ten  days  during  which  such  violation  shall  continue. 

"  Whenever  any  person,  firm,  corporation,  or  company  in  posses- 
sion or  control  of  an  artesian  well  shall  fail  to  comply  with  the  pro- 
Wsions  of  this  act,  any  person,  firm,  corporation,  or  company  lawfully 
in  possession  of  the  land  adjacent  to  or  in  the  vicinity  or  neighbor- 
hood of  such  well,  and  within  five  miles  thereof,  may  enter  upon  the 
land  upon  which  such  well  is  situated  and  take  possession  of  such, 
from  which  wat-er  is  allowed  to  flow  or  escape  in  violation  of  the  pro- 
visions of  section  1  of  this  act,  and  cap  such  well  and  shut  in  and 
secure  the  flow  or  escape  of  water  therefrom,  and  the  necessary 
expense  incurred  in  so  doing  shall  constitute  a  lien  upon  said  well, 
and  a  sufficient  quantity  of  land  surrounding  the  same,  for  the  use 
and  operation  thereof,  which  lien  may  be  foreclosed  in  a  civil  action 
in  any  court  of  common  jurisdiction,  and  the  court  in  any  such  case 
shall  allow  the  plaintiff  a  reasonable  attorney's  fee,  to  be  taxed  as  a 
part  of  the  cost.  This  shall  be  in  addition  to  the  penalty  provided 
for  in  section  3  of  this  act." 

WISCONSIN. 

In  the  State  of  Wisconsin  the  questions  of  well  interference  and 
the  wasting  of  artesian  waters  are  thus  dealt  with : 

"  Where  there  are  two  or  more  artesian  wells  in  any  vicinity  or 
neighborhood,  one  or  more  of  which  are  operated  or  used  by  any  per- 
son or  owner,  the  person  or  owner  of  such  well  shall  use  due  care  and 
diligence  to  prevent  any  loss  or  waste  or  unreasonable  use  of  the  water 
therein  contained  or  flowing  from  the  same,  as  would  deprive  or  un- 
necessarily diminish  the  flow  of  water  in  any  artesian  well,  to  the 
injury  of  the  owner  of  any  other  well  in  the  same  vicinity  or  neigh- 
borhood. 

"Any  person  who  shall  needlessly  allow  or  permit  any  artesian  well 
owned  or  operated  by  him  to  discharge  greater  quantities  of  water 
than  is  reasonably  necessary  for  the  use  of  such  person,  so  as  to  mate- 
rially diminish  the  flow  of  artesian  water  in  any  other  well  in  the 
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same  vicinity,  shall  l>e  liable  for  all  damages  which  the  owner  of  any 
such  other  well  shall  sustain."     (L.,  1901,  chap.  354.) 

WYOMING. 

According  to  the  provisions  of  an  act  (L.,  1888,  chap.  19)  passed 
in  1888,  the  boards  of  county  commissioners  of  the  several  counties  in 
the  State  of  Wyoming  are  authorized  to  provide  for  the  sinking  of 
artesian  wells  at  various  places  within  such  counties;  and  where  the 
nature  of  the  country  makes  an  artesian  well  impracticable,  tanks, 
reservoirs,  etd.,  may  be  constructed.  Certain  restrictions  are  imposed, 
the  rights  and  duties  of  private  citizens  and  officials  are  defined,  and 
appropriation  of  money  is  authorized. 
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LETTER   OF   TRANSMITTAL. 


Department  of  the  Interior, 

United  States  (jeoixkhcal  Survey, 

IIydrographic  Branch, 

Waahington^  I).  C,  July  15^  1904. 

Sir:  I  transmit  herewith  a  report  by  Prof.  Charles  R.  Keyes  on  the 

geology  and  underground  water  resources  of  the  «Jorniida  del  Muerto, 

in  .south-central  New  Mexico,  and  recommend  that  it  be  published  in 

the  series  of  Water-Supply  and  Irrigation  Papers. 

The  work  resulting  in  this  report  was  done  under  the  supervision 

of  Mr.  N.  H.  Darton,  chief  of  the  western  section  of  the  division  of 

hydrology.     It  presents  new  and  valuable  information  regarding  the 

geologic  structure  of  this  large  desert  area  and  shows  that  the  con-' 

ditions  are  favorable  for  the  extensive  occurrence  of  underground 

waters  which,  to  some  extent,  are  available  for  irrigation  and  domestic 

supplies.     The  region  is  one  of  fine  climate  and  fertile  soil,  and  the 

development  of  its  underground  waters  will  afford  the  means  for 

sustaining  settlers  at  a  number  of  localities. 

Very  respectfully,  F.  H.  Newell, 

C/i  lef  Kng  hi  rer, 
Hon.  Charles  D.  Walcott, 

DirecU/r  United  States  Geological  jSurreg. 
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GEOLOGY  AND  UNDERGROUND  WATER  CONDITIONS 
OF  THE  JORNADA  DEL  MUERTO,  NEW  MEXICO. 


By  Charles  Kolun  Kkyks. 


INTRODUCTION. 


Of  the  basin  plains  of  southwestern  United  States  the  Jornada  del 
Muerto,  in  south-central  New  Mexico,  is,  in  many  ways,  one  of  the  most 


Pio.  l.—Location  of  the  Joroada  del  Muerto. 


remarkable.     This  plain   is  typical  of  a  very  large  number  of  dry 
sandy  plains  which  characterize  the  arid  region  and  which  show  but 
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few  8i(jn«  of  surface  waters.  As  it  is  covered  by  loose,  porous  soils  a 
unknown  depth  ail  the  rainfall  is  quickly  absorbed  and  the  sLri'Stil 
entering  the  plain  from  the  mountains  around  the  peripliery  soon  siirf 
below  the  surface.  j 

In  the  long  period  that  preceded  the  coming  of  the  Euroi.)eaii  tf 
adjoining  country  was  thickly  populated  by  nwres  highly  skilled  j 
agriculture  and  well  trained  in  the  art  of  irrigation,  yet  no  one  of  tJ 
native  peoples  was  tempted  to  settle  upon  this  great  strip  of  deseJ 
For  three  hfindred  and  fifty  years  after  the  Spanish  invasion  the  .Iq 
nada  lay  in  the  beaten  path  of  travel  from  Mexico  northwnrd.  Kl 
llHi  miles  the  famous  VA  i'aso  and  Santa  Fe  trail  crassed  its  dvn^ 
sands.  In  view  of  the  horrors  inspired  by  the  trip  lu-ross  it  from  t| 
time  of  Coronado  to  the  advent  of  the  railroad,  t\m  Spaniards  w) 
ventui-ed  within  its  liorders  might  well  be  pardoned  for  calling  it  t| 
"Journey  of  Death."  The  long  white  line  of  bleached  bones  of  ml 
and  horse,  which  not  so  very  long  ago  marked  the  trail,  amply  attesll 
the  fitness  of  the  title. 

Wallace"  has  described  the  Jornada  in  very  somber  though  1 
fanciful  terms  as  follows: 


I  higlJ 


Npftr  tin-  Biiutherri  lioiUKUry  of  New  Meitico  the  Spanish  explor 
by  a  liarrier  of  all  on  earth   mout  to  be  drea<<i-<l — a  shailelesH,  wat^rlew^  ptaleU 
nearly  100  miles  lung,  from  5  to  30  miles  wide,  r«<emhling  the  etep|)efl  of  nortliefl 

The  iKirtion  1  spt'ak  of  appears  to  have  wrvni  ita  time,  worn  out,  been  di8i>e<ii)le4 
anil  lortMtten.  The  Krasa  is  tow  and  mossy,  with  a  jierishing  look— the  ehnilw,  soap 
wi-<-<l.  anil  bony  cactus  writhing  like  aoine  grisly  skeleton;  the  very  stones  are  lik" 
till'  tH'oria  of  a  furnai-e.  You  vainly  look  for  the  flight  of  a  bird,  euoli  as  oheereii  llie 
eyes  of  TIikIaIm  in  the  ilesert;  no  l>ee  nor  fly  huina  in  the  empty  air;  and,  Ka\i'  iIip 
liHinl  (the  genius  of  desolation)  and  horn  frog,  there  is  no  breath  of  living  thing- 

Slaniling  on  the  wige  ot  the  ineasurelesa  waste,  which  is  trackleso  as  water,  ih'' 
liwt  explorers  might  ask,  "  What  is  this  strange  ocean  of  Band,  with  its  alillness  mor'- 
awful  than  any  sea?" 

Thes|Hit  I  am  

it  ia  mtile  fearful 
Iteeii  fri)«-ti  tn  dt 
tlie  i>riiiie\-ai  ye 
anil.  lietiideK  the : 
an  asylum  for  fuj 

In  otir  times  ni 
naniett  lirant.pv 
"Journey  of  IVa 

Kepiilsive  a: 
impressiiin  wl 
much  of  the  ai 
no  water  app«>i 
the  tmvelortr 
U-ncalh  thosu: 
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few  signs  of  surface  waters.  As  it  is  covered  b}^  loose,  porous  soils  of 
unknown  depth  all  the  rainfall  is  quickly  absorbed  and  the  streams 
entering  the  plaip  from  the  mountains  around  the  periphery  soon  sink 
below  the  surface. 

In  the  long  period  that  preceded  the  coming  of  the  European  the 
adjoining  country  was  thickly  populated  by  races  highly  skilled  in 
agriculture  and  well  trained  in  the  art  of  irrigation,  yet  no  one  of  tho 
native  peoples  was  tempted  to  settle  upon  this  great  strip  of  desert. 
For  three  hundred  and  fifty  years  after  the  Spanish  invasion  the  Jor- 
nada lay  in  the  beaten  path  of  travel  from  Mexico  northward.  For 
100  miles  the  famous  El  Paso  and  Santa  Fe  trail  crossed  its  desert 
sands.  In  view  of  the  horrors  inspired  by  the  trip  across  it  from  the 
time  of  Coronado  to  the  advent  of  the  railroad,  the  Spaniards  who 
ventured  within  its  borders  might  well  be  pardoned  for  calling  it  the 
"  Journe}"  of  Death."  The  long  white  line  of  bleached  bones  of  man 
and  horse,  which  not  so  ver)^  long  ago  marked  the  trail,  amply  attested 
the  fitness  of  the  title. 

Wallace  ^  has  described  the  Jornada  in  very  somber  though  highly 
fanciful  terms  as  follows: 

Near  the  southern  boundary  of  New  Mexico  the  Spanish  explorers  were  oi)i>as(Ml 
by  a  barrier  of  all  on  earth  most  to  be  dreaded — a  shadeless,  waterless  plateau, 
nearly  100  miles  long,  from  5  to  30  miles  wide,  reserablinjr  the  stepi)es  of  northern 
Asia.     *    *    ♦ 

The  portion  I  speak  of  appears  to  have  served  its  time,  worn  out,  been  di8people<l, 
and  forgotten.  The  grass  is  low  and  mossy,  with  a  perishing  look — the  shrutw,  soap- 
weed,  and  bony  cactus  writhing  like  some  grisly  skeleton;  the  very  stones  are  like 
the  scoria  of  a  furnace.  You  vainly  look  for  the  flight  of  a  bird,  such  as  cheered  the 
eyes  of  Thalaba  in  the  desert;  no  bee  nor  fly  hums  in  the  empty  air;  and,  save  the 
lizard  (the  genius  of  desolation)  and  horn  frog,  there  is  no  breath  of  living  thing. 

Standing  on  the  edge  of  the  measureless  waste,  which  is  trackless  as  water,  the 
first  explorers  might  ask,  "  What  is  this  strange  ocean  of  sand,  with  ita  stillness  more 
awful  than  any  sea?" 

The  spot  I  am  trying  to  describe  is  the  battle  ground  of  the  elements.  In  winter 
it  is  made  fearful  by  raging  storms  of  wind  and  snow\  There  men  and  animals  have 
been  frozen  to  death,  their  bodies  left  the  lawful  prey  of  the  mountain  wolf.  From 
the  primeval  years  the  Apache  has  harried  the  hungry  waste,  hunting  for  8t^ili»s; 
and,  besides  the  savagest  of  savages,  it  is  now  the  favorite  skulking  place  of  outlaws, 
an  asylum  for  fugitives  escaping  justice  in  old  Mexico  and  Texas. 

In  our  times  many  a  party  cut  off  and  many  a  traveler  murdered  makes  good  the 
name  it  l)ear8,  given  by  the  first  w^hit«  men  who  dared  its  perils,  Jornada  del  Muerto — 
•*  Journey  of  Death." 

Repulsive  as  this  picture  is,  it  scarcely  exaggerates  the  widespread 

impression  which  formerly  existed  concerning  this  country.     Like 

much  of  the  arid  region,  this  district  was  considered  waterless  because 

no  water  appears  on  the  surface.     For  three  hundred  and  fifty  years 

the  traveler  traversed  this  region  without  taking  the  trouble  to  dig 

beneath  the  surface  of  the  plain  for  the  moisture  he  so  often  longed  for. 
,^_ . 1 _______ 
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few  signs  of  surface  waters.  As  it  is  covered  b}'  loose,  porous  soils  of 
unknown  depth  all  the  rainfall  is  quickly  absorbed  and  the  streams 
entering  the  plaip  from  the  mountains  around  the  periphery  soon  sink 
below  the  surface. 

In  the  long  period  that  preceded  the  coming  of  the  European  tho 
adjoining  country  was  thickly  populated  by  i*aces  highly  skilled  in 
agriculture  and  well  trained  in  the  art  of  irrigation,  yet  no  one  of  the 
native  peoples  was  tempted  to  settle  upon  this  great  strip  of  desert. 
For  three  hundred  and  fifty  years  after  the  Spanish  inviwsion  the  Jor- 
nada lay  in  the  beaten  path  of  travel  from  Mexico  northward.  For 
100  miles  the  famous  El  Paso  and  Santa  Fe  trail  crossed  its  desert 
sands.  In  view  of  the  horrors  inspired  })y  the  trip  across  it  from  the 
time  of  Coronado  to  the  advent  of  the  railroad,  the  Spaniards  who 
ventured  within  its  borders  might  well  be  pardoned  for  calling  it  the 
"Journe\"  of  Death."  The  long  white  line  of  bleached  bones  of  man 
and  horse,  which  not  so  ver}'^  long  ago  marked  the  trail,  amply  attested 
the  fitness  of  the  title. 

Wallace  "  has  described  the  Jornada  in  very  somber  though  highly 
fanciful  terms  as  follows: 

Near  the  southern  boundary  of  New  Mexico  the  Spanish  explorers  were  opI)o^*(Ni 
by  a  barrier  of  all  on  earth  most  to  be  dreade<l — ^a  shadeless,  waterless  plateiin, 
nearly  100  miles  long,  from  5  to  30  miles  wi<le,  resemblinj?  the  steppes  of  northern 
Asia.     *    *    * 

The  portion  I  speak  of  appears  to  have  served  its  time,  worn  out,  been  dispeopled, 
and  forgotten.  The  graas  is  low  and  mossy,  with  a  i)eri8hing  look — the  shnit>H,  soap- 
weed,  and  bony  cactus  writhing  like  some  grisly  skeleton;  the  very  stones  are  like 
the  scoria  of  a  furnace.  You  vainly  look  for  the  flight  of  a  bird,  such  as  cheered  tlic 
eyes  of  Thalaba  in  the  desert;  no  bee  nor  fly  hums  in  the  empty  air;  and,  save  the 
lizard  (the  genius  of  desolation)  and  horn  frog,  there  is  no  breath  of  living  thing. 

Standing  on  the  edge  of  the  measureless  waste,  which  is  trackless  as  water,  tlu* 
first  explorers  might  ask,  "  What  is  this  strange  ocean  of  sand,  with  ita  stillness  more 
awful  than  any  sea?'' 

The  spot  I  am  trying  to  describe  is  the  battle  ground  of  the  elements.  In  winter 
it  is  made  fearful  by  raging  storms  of  wind  and  snow.  There  men  and  animals  liavo 
been  frozen  to  death,  their  bodies  left  the  lawful  prey  of  the  mountain  wolf.  From 
the  primeval  years  the  Apache  has  harried  the  hungry  waste,  hunting  for  st^iliw; 
and,  besides  the  savagest  of  savages,  it  is  now  the  favorite  skulking  place  of  outlaws, 
an  asylum  for  fugitives  escaping  justice  m  old  Mexico  and  Texas. 

In  our  times  many  a  party  cut  off  and  many  a  traveler  murdere<l  makes  good  the 
name  It  l)ear8,  given  by  the  first  white  men  who  dared  its  |)eril8,  Jornada  del  Muerto — 
**  Journey  of  Death." 

Repulsive  as  this  picture  is,  it  scarcely  exaggerates  the  widespread 
impression  which  formerly  existed  concerning  this  country.  Like 
much  of  the  arid  region,  this  district  was  considered  waterless  because 
no  water  appears  on  the  surface.  For  three  hundred  and  fift}'  years 
the  traveler  traversed  this  region  without  taking  the  trouble  to  di^ 

beneath  the  surface  of  the  plain  for  the  moisture  he  so  often  longed  for. 

_ 1 . 
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few  signs  of  surface  waters.  As  it  is  covered  by  loose,  porous  soils  of 
unknown  depth  all  the  rainfall  is  quickly  absorbed  and  the  streams 
entering  the  plai|i  from  the  mountains  around  the  periphery  soon  sink 
below  the  surface. 

In  the  long  period  that  preceded  the  coming  of  the  European  tho 
adjoining  country  was  thickly  populated  by  races  highly  skilled  in 
agriculture  and  well  trained  in  the  art  of  irrigation,  yet  no  one  of  tin* 
native  peoples  was  tempted  to  settle  upon  this  great  strip  of  desert. 
For  three  hundred  and  fifty  years  after  the  Spanish  invasion  the  Jor- 
nada lay  in  the  beaten  path  of  travel  from  Mexico  northward.  For 
100  miles  the  famous  El  Paso  and  Santa  Fe  trail  crossed  its  desert 
sands.  In  view  of  the  horrors  inspired  by  the  trip  across  it  from  the 
time  of  Coronado  to  the  advent  of  the  railroad,  the  Spaniards  who 
ventured  within  its  terders  might  well  be  pardoned  for  calling  it  tho 
*' Journe}'  of  Death."  The  long  white  line  of  bleached  bones  of  man 
and  horse,  which  not  so  ver)'^  long  ago  marked  the  trail,  amply  attested 
the  fitness  of  the  title. 

Wallace  "  has  described  the  Jornada  in  very  somber  though  highly 
fanciful  terms  as  follows: 

Near  the  southern  boundary  of  New  Mexico  the  Spanish  explorers  were  opix)s<»<i 
by  a  barrier  of  all  on  earth  most  to  be  drea(le<l — ^a  shaUelesH,  waterless  plateau, 
nearly  100  miles  long,  from  5  to  80  miles  wi<ie,  resembling  the  steppes  of  northern 
Asia.     *    *    * 

The  portion  I  speak  of  appears  to  have  served  its  time,  worn  out,  been  di8peoi>le(l, 
and  foi^otten.  The  graas  is  low  and  mossy,  with  a  i>erishing  look — the  shrutw,  wiap- 
weed,  and  bony  cactus  writhing  like  some  grisly  skeleton;  the  very  stones  art*  like 
the  scoria  of  a  furnace.  You  vainly  look  for  the  flight  of  a  bird,  such  a»  cheered  tlic 
eycH  of  Thalaba  in  the  desert;  no  bee  nor  fly  hums  in  the  empty  air;  and,  save  the 
lizard  (the  genius  of  desolation)  and  horn  frog,  there  is  no  breath  of  living  thing. 

Standing  on  the  edge  of  the  measureless  waste,  which  is  trackless  as  water,  t\w 
first  explorers  might  ask,  **  What  is  this  strange  ocean  of  sand,  with  ita  stillness  more 
awful  than  any  sea?" 

The  spot  I  am  trying  to  describe  is  the  battle  ground  of  the  elements.  In  winter 
it  is  made  fearful  by  raging  storms  of  wind  and  snow.  There  men  and  animals  have 
been  frozen  to  death,  their  bodies  left  the  lawful  prey  of  the  mountain  wolf.  Khmu 
the  primeval  years  the  Apache  has  harried  the  hungry  waste,  hunting  for  »iil|»^; 
and,  besides  the  savagest  of  savages,  it  is  now  the  favorite  skulking  place  of  outlaws, 
an  asylum  for  fugitives  escaping  justice  in  old  Mexico  and  Texas. 

In  our  times  many  a  party  cut  off  and  many  a  traveler  murdered  makes  good  the 
name  it  l)ears,  given  by  the  first  whit«  men  who  dared  its  perils,  Jornada  del  Muerto— 
*  *  Journey  of  Death . ' ' 

Repulsive  as  this  picture  is,  it  scarcely  exaggerates  the  widespread 
impression  which  formerly  existed  concerning  this  country.  Like 
much  of  the  arid  region,  this  district  was  considered  waterless  because 
no  water  appears  on  the  surface.  For  three  hundred  and  lift}'  years 
the  traveler  traversed  this  region  without  taking  the  trouble  to  dig 

beneath  the  surface  of  the  plain  for  the  moisture  he  so  often  longed  for. 

_, _. f _^_^_^_^_^^^_«_______— ^— 
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few  signs  of  surface  waters.  As  it  is  covered  by  loose,  porous  soils  of 
unknown  depth  all  the  rainfall  is  quickly  absorbed  and  the  streams 
entering  the  plaip  from  the  mountains  around  the  periphery  soon  sink 
below  the  surface. 

In  the  long  period  that  preceded  the  coming  of  the  European  the 
adjoining  country  was  thickly  populated  b^^  races  highly  skilled  in 
agriculture  and  well  trained  in  the  art  of  irrigation,  yet  no  one  of  the 
native  peoples  was  tempted  to  settle  upon  this  great  strip  of  desert. 
For  three  hundred  and  tift}^  years  after  the  Spanish  invjision  the  Jor- 
nada lay  in  the  beaten  path  of  travel  from  Mexico  northward.  For 
100  miles  the  famous  El  Paso  and  Santa  Fe  trail  crossed  its  dcvsert 
sands.  In  view  of  the  horrors  inspired  by  the  trip  across  it  from  the 
time  of  Coronado  to  the  advent  of  the  railroad,  the  Spaniards  who 
ventured  within  its  borders  might  well  be  pardoned  for  calling  it  the 
"Journey  of  Death."  The  long  white  line  of  bleached  bones  of  man 
and  horse,  which  not  so  very  long  ago  marked  the  trail,  amply  attested 
the  fitness  of  the  title. 

Wallace  "  has  described  the  Jornada  in  very  somber  though  highly 
fanciful  terms  as  follows: 

Near  the  southern  boundary  of  New  Mexico  the  Spanish  explorers  were  oppo;*o<l 
by  a  barrier  of  all  on  earth  most  to  be  dreadeil — a  shadeless,  waterless  plateau, 
nearly  100  miles  long,  from  5  to  30  miles  wide,  resembling  the  steppes  of  northern 
Asia.     *    *    * 

The  portion  I  speak  of  appears  to  have  served  its  time,  worn  out,  been  dispeopled, 
and  forgotten.  The  grass  is  low  and  mossy,  with  a  perishing  look — the  shrubs*,  soa))- 
weed,  and  bony  cactus  writhing  like  some  grisly  skeleton;  the  very  stones  are  like 
the  scoria  of  a  furnace.  You  vainly  look  for  the  flight  of  a  bird,  such  as  cheereil  the 
eyes  of  Thalaba  in  the  desert;  no  bee  nor  fly  hums  in  the  empty  air;  and,  save  the 
lizard  (the  genius  of  desolation)  and  horn  frog,  there  is  no  breath  of  living  thing. 

Standing  on  the  edge  of  the  measureless  waste,  which  is  trackless  as  water,  tht» 
first  explorers  might  ask,  **  What  is  this  strange  ocean  of  sand,  with  its  stillness  more 
awful  than  any  sea?" 

The  spot  I  am  trying  to  describe  is  the  battle  ground  of  the  elements.  In  winter 
it  is  made  fearful  by  raging  storms  of  wind  and  snow.  There  men  and  animals  have 
been  frozen  to  death,  their  bodies  left  the  lawful  prey  of  the  mountain  wolf.  From 
the  primeval  years  the  Apache  has  harried  the  hungry  waste,  hunting  for  scaliw; 
and,  besides  the  savagest  of  savages,  it  is  now  the  favorite  skulking  place  of  outlaws, 
an  asylum  for  fugitives  escaping  justice  m  old  Mexico  and  Texas. 

In  our  times  many  a  party  cut  off  and  many  a  traveler  murdered  makes  good  the 
name  if  l)ears,  given  by  the  first  white  men  who  dared  its  perils,  Jornada  del  Muerto — 
**  Journey  of  Death." 

Repulsive  as  this  picture  is,  it  scarcely  exaggerates  the  widespread 
impression  which  formerly  existed  concerning  this  country.  Like 
much  of  the  arid  region,  this  district  was  considered  waterless  because 
no  water  appears  on  the  surface.  For  three  hundred  and  fifty  years 
the  tmveler  traversed  this  region  without  taking  the  trouble  to  dig 
beneath  the  surface  of  the  plain  for  the  moisture  he  so  often  longed  for, 

._ s . . 
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Apparently  it  was  not  suspected  that,  owinjy  to  certain  local  pecul- 
iarities in  the  geologic  formations,  abundant  water  lay  at  compara- 
tivol}'  shallow  depths.  In  1871  a  well  160  feet  deep  was  dug  in  the 
middle  of  the  plain  by  a  ranchero,  John  Martin,  and  cool,  soft  water 
was  obtained  in  great  quantity,  so  that  his  ranch  became  the  resting 
plskce  of  every  traveler  crossing  the  desert. 

The  geologic  conditions  in  New  Mexico  are  less  known  than  in 
any  other  region  of  equal  size  in  the  United  States.  With  the  excep- 
tion of  a  few  comparatively  limited  areas  studied  by  the  Federal  sur- 
veys, but  little  detailed  investigation  has  been  undertaken.  The 
jjeologists  connected  with  the  earl}-  Government  surveys  have  given  a 
^^enenil  idea  of  the  geologic  formations,  but  the  exact  age  and  rela- 
tions of  most  of  the  rocks  remain  to  be  determined. 

GENEKAI.  CHARACTTKR  OF  THE  NEW  MEXICAN   PliATEAU 

REGION. 

Among  the  most  notable  features  of  central  and  southwestern  New 
Mexico  are  the  broad  desert  plains,  out  of  which  the  mountain  ridges 
rise  as  abruptly  as  volcanic  islands  out  of  the  sea.  These  plains 
are  20  to  30  miles  wide,  often  100  miles  or  more  long,  and  at  first 
glance  appear  nearly  level.  Closer  inspection  shows  that  they  are 
Imsins  inclined  toward  the  center  and  devoid  of  marked  drainage 
wa\'s  or  drainage  outlets. 

With  their  usual  keen  distinctions  of  geographic  features,  th(^  Span- 
ish aptly  call  such  an  inclosed  plain  a  '^  l)olsone,^'  meaning  a  purse.  Of 
these  plains  a  writer,  who  has  brought  their  Spanish  name  into  geo- 
^mphic  usage,  says: 

These  plains  or  "Iwiains,"  as  they  are  sometimes  called,  are  largely  structural  in 
origin.  Bolsoiis  are  generally  floored  with  loose  unconsolidate<l  pediments  derived 
from  the  higher  peripheral  region.  Along  the  margin  of  these  plains  are  talus  hills 
an<i  fans  of  bowlders,  and  other  wash  deposits  brought  down  by  mountain  freshets. 
The  sediments  of  some  of  the  lx>l8ons  may  be  of  lacustral  origin. 

It  Lm  essentia]  in  both  the  geographic  and  the  geologic  discussion  to  bear  in  mind 
the  distinction  between  l>olson  plains  and  plateau  plains.  The  plate^iu  plains  and 
the  mountains  are  genetically  related,  the  strata  compo.sing  the  one  being  bent  on  to 
or  flexing  out  into  the  other.  The  bolson  plains,  on  the  other  hand,  are  newer  and 
later  topographic  features  consisting  of  stnictural  valleys  between  mountains  or 
plateau  plains,  which  have  been  partially  filled  with  <l^»bris  derived  from  the  adja- 
(*irt  eminences.  The  plateau  plains  are  usually  destructional  stratum  plains.  The 
tmlson  plains  are  constructional  detritus  plains  filling  old  structural  troughs.  << 

The  distinction  between  the  plateau  plains  and  the  bolson  plains  is  as 
important  as  it  is  real.  But  the  statement  that  bolson  plains  are  con- 
structional detritus  plains  in  structural  valleys  does  not  convey  a  cor- 
rect idea  of  the  phenomenon,  and,  as  generally  understood,  the  term 
structural,  as  applied  to  these  valleys,  is  very  apt  to  be  misinterpreted. 

a  Hill,  R.  T.,  Topojfraphii-  Atlas  U.  S.,  folio  3,  V.  S.  Geol.  Survey,  1900,  p.  8. 
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In  a  carefully  qualified  sense  the  valleys  occupied  by  the  bolson  plains 
might,  perhaps,  be  considered  structural  valle3\*^,  but  their  history  is 
very  much  more  complex  and  very  different  from  what  might  be  sus- 
pected from  casual  observation. 

The  alternation  in  central  New  Mexico  of  narrow  mountain  ridges 
and  broad  plains,  of  which  the  Jornada  is  a  characteristic  example, 
presents  some  features  which  are  not  easil}^  understood  until  the 
regions  both  to  the  east  and  to  the  west  are  taken  into  considemtion. 
In  both  directions  the  basin  character  of  the  bolson  plains  is  soon  lost. 
The  plains  become  confluent  and  more  continuous,  and  the  mountain 
I'anges  more  disconnected  and  finally  isolated  altogether.  Farther  on 
the  plain  alone  persists  without  notable  mountains.  This  condition 
continues  on  the  one  hand  to  the  Gulf  of  California  and  on  the  other 
to  the  Gulf  of  Mexico. 

At  the  beginning  of  Tertiary  time  the  region  between  the  two  great 
gulfs  south  of  what  is  now  the  Colorado  line  must  have  been  a  vast 
lowland  plain  with  but  faint  relief  features.  A  large  part  of  this  plain 
was  on  the  beveled  edges  of  Cretaceous  and  older  strata,  as  is  shown 
now  in  its  remnants  still  clearly  discernible.  The  Las  Vegas  Plateau, 
the  Llano  Estacado,  the  bolson  plains  of  central  New  Mexico,  and 
some  of  the  less  broken  plains  of  eastern  Arizona  seem  to  belong 
genetically  together.  To  the  east  and  the  west  a  broad  submarine 
platform  was  formed  from  the  sediments  derived  from  the  planing  off 
of  the  central  land  area.  When  the  general  uplift  of  the  region  took 
place  later  in  the  Tertiary  the  great  plain  formed  was  parti}-  a  pene- 
plain of  destructional  land  origin  and  partl}'^  a  constructional  plain  of 
marine  origin. 

In  the  uprising,  however,  faulting  took  place  on  a  large  scale,  giv- 
ing rise  to  the  numerous  monoclinal  block  mountains  in  the  region 
now  within  the  boundaries  of  New  Mexico.  There  were  various  halts 
in  the  general  uplift,  and  the  Mesozoic  and  youngest  Paleozoic  l>eds 
were  stripped  off  the  mountain  summits.  Two  or  three  times  during 
halts  in  the  uplift  partial  planation  took  place.  With  the  progres- 
sion of  the  uplift  the  mountain  blocks  finally  became  more  and  more 
tilted. 

Between  Tertiary  and  present  time  an  enormous  amount  of  ero- 
sion has  taken  place.  The  vast  plain  has  been  deepl}'  dissected  by  the 
Canadian,  Pecos,  Rio  Grande,  and  Colorado  rivers — old,  mountain-born 
streams.  The  valleys  of  these  water  courses  are  very  wide  and  deep. 
On  the  east  the  Canadian  flows  4,000  feet  below  the  level  of  the  old 
plain,  the  Pecos  perhaps  2,500  feet,  the  Rio  Grande  about  1,500  feet, 
while  the  Colorado  Canyon  is  a  mile  deep. 

In  the  Llano  Estacado  the  remnant  of  the  great  high  plain  has  an 
area  of  50,000  square  miles.  The  bolsons  are  already  beginning  to 
give  wa^'  to  erosion  agencies.     In  the  valley  of  the  Rio  Grande  nearly 
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all  traces  of  one  old  plain  are  already  destroyed.  The  displaced  inter- 
montane  basins  like  the  Jornada,  which  adjoin  the  long  Rio  Grande 
Valley,  are  being  deeply  dissected  wherever  the  great  river  touches 
the  borders. 

8URFACK  REIilEF  OF  THE  JORNADA. 

ORNEKAL   FEATURES. 

The  Jornada  basin  is  roughl}^  pear-shaped  in  outline,  with  the  stem 
end  at  £1  Paso  (see  geologic  sketch  n;ap,  PI.  I).  From  this  point  the 
basin  plain  extends  noithward  into  central  New  Mexico,  a  distance 
of  200  miles.     In  width  the  plain  expands  to  .30  or  40  miles. 

Of  late  years  only  the  central  part  of  the  basin  has  been  called  the 
Jornada  del  Muerto.  As  a  physiographic  feature  the  plain  is 
unbroken  from  the  Mesa  Jumanes  and  the  Cerro  Montosa,  which  cuts 
it  off  to  the  north  from  the  great  Estancia  bolson,  to  the  canyon  of 
the  Rio  Grande  at  El  Paso.  The  Mesilla  Valley  is  not  a  separate 
biksin,  as  often  reported,  but  a  portion  tmversed  by  the  Rio  Grande, 
which  enters  the  lower  part  of  the  plain. 

In  the  central  part  the  Jornada  is  a  flat-bottomed  basin,  with  borders 
turned  abruptly  upward  on  all  sides  like  a  miner^s  pan.  Forming  the 
rim  are  long,  narrow  mountain  ranges  which  rise  to  heights'of  2,000 
to  3,000  feet  above  the  plain.  The  floor  of  the  Imsin  slopes  to  the 
south.  At  the  north  end  the  altitude  is  al)out  6,300  feet,  while  at  the 
southern  extremity  it  is  3,800  feet.  There  is  a  descent  of  2,600  feet 
in  2(K)  miles,  a  rate  of  about  12  feet  to  the  mile. 

West  of  the  Jornada,  running  its  entire  length,  is  the  Rio  Gmnde 
dol  Norte,  which  flows  in  a  basin  of  its  own.  While  at  the  north  end 
the  elevation  of  the  Jornada  is  1,600  feet  above  the  river,  at  the  south- 
ern limit  where  the  stream  cuts  acro.^s  the  rim  the  height  above  the 
g^reat  water  course  is  only  about  100  feet.  The  river  falls  1,000  feet 
in  a  distance  of  200  miles;  the  fall  of  the  plain  in  the  same  distance  is 
2,.500  feet  or  more. 

Viewed  from  the  railroad  the  plain  appears  even  and  level,  the 
only  features  breaking  the  smoothness  of  its  general  surface  being 
isolated  and  irregular  volcanic  cones  which  follow  down  the  middle  of 
the  basin  for  itK  entire  length.  These,  however,  are  recent  outflows 
on  the  surface  of  the  plain  and  genetically  do  not  interrupt  its  continuity. 

Where  the  Rio  Grande  touches  the  Jornada,  and  where  it  traverses 
its  southern  part,  the  plain  is  deepl}'  dissected.  At  the  foot  of  the 
mountains  the  smooth  floor  of  the  basin  passes  into  slopes  deeply 
incised  by  arroyos. 

In  the  main  the  rocks  of  the  Jornada  basin  form  a  synclinal  trough 
(PL  II),  but  the  dip  of  the  beds  is  considerably  greater  than  the 
slope  of  the  land  toward  the  center  of  the  valley.  As  a  result  the 
l)eds  are  beveled,  and  toward  the  mountains  on  either  side  a  thick 
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series  of  rocks  is  exposed  wherever  the  surface  gravels  are  removed. 
The  basin  is  a  destructional  plain  deeply  covered  by  recent  gravels  and 
coarse  deposib<,  with  probably  some  lake  sediments  of  limited  extent. 

Physiographically  the  bolson  is  very  young.  Erosion  has  as  yet 
cut  but  little  into  the  plain.  The  original  constructional  form  of  the 
present  topographic  cycle  is  everywhere  in  evidence.  Only  where 
the  Rio  Grande  touches  the  borders  of  the  plain  have  even  the  soft 
l>eds  begun  to  wear  out  into  lowlands. 

Of  the  drainage  little  need  be  said.  In  general  all  waters  flow 
toward  the  center  of  the  plain  and  there  are  are  no  cross  drainage 
w^ays.  The  numerous  watercourses  coming  down  from  the  mountains 
are  quickly  imbibed  by  the  porous  deposits  and  l)ecome  ''lost  riv^ers." 
This  is  true  also  of  the  few  small  perennial  streams  as  well  as  of  the 
torrents  which  rush  down  the  arroyos  carrying  only  the  storm  waters. 

On  the  west  side  of  the  basin  the  waters  from  the  mountains  do  not 
drain  out  into  the  plains,  but  quickly  disappear  down  deep  canyons 
which  debouch  into  the  Rio  Grande  through  gaps  in  the  ranges. 

In  the  central  part  of  the  basin  are  numerous  shallow  depressions 
into  which  the  storm  waters  gather  and  form  lakes  of  considerable 
size.  Some  of  these  retain  their  waters  for  several  months  and  fre- 
quently through  the  year. 

CENTRAL   FLOOR  OF  THE   BASIN. 

As  already  stated,  the  Jornada  presents  the  appearance  of  an  almost 
level  plain  (PI.  Ill,  ^1),  slightly  depressed  in  the  middle.  Closer  inpec- 
tiou  shows  that  the  apparent  smoothness  is  loc-all}'  broken  in  v^arious 
ways.  The  appearance  of  general  evenness  is  due  partly  to  optical 
illusion  on  account  of  the  v^astness  of  the  field. 

Low  conical  hills  of  volcanic  origin  rise  above  the  plain  at  various 
points  throughout  its  entire  length.  Most  of  these  are  unnamed,  hut 
some  of  the  larger  ones,  especially  in  the  southern  part  of  the  basin, 
have  received  specific  designations.  Dona  Ana  Hills,  San  Diego 
Moimtains,  and  Corro  Roblero  may  be  mentioned. 

All  of  these  volcanic  cones  are  verv  recent,  and  some  of  them  still 
have  their  crati^rs  perfectly  preserved.  Extensive  basalt  flows  extend 
from  some  of  the  cones,  one  of  which,  located  south  of  San  Marcial, 
covers  more  than  100  square  miles.  Several  remarkably  symmetrical 
cones  occur  west  of  Engle  station,  near  old  Fort  Mcfoie.  These  are 
about  200  feet  in  height,  while  the  Dona  Ana  Hills,  for  example, 
are  more  than  four  times  this  elevation. 

K ASTERN    RIM   OF   THE   BASIN. 

On  the  east  side  of  the  Jornada  basin  is  a  ridge  which  rises  abruptly 
to  a  height  of  8,000  feet  above  the  plain.  While  there  are  a  number 
of  low  passes  through  the  ridge,  no  one  of  these  is  low  enough  to 
serve  as  a  dminage  outlet  to  the  basin, 
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Through  great  faulting  on  the  eastern  side  of  the  ridge  the  various 
mountain  bloi'ks  have  been  tilted  up  so  that  the  long  back  slopes  form 
a  |>art  of  the  broad  syneline  of  the  region  to  the  west. 

Beginning  at  the  south  these  blocks  have  received  the  name  of 
Franklin  Mountains,  Organ  Mountains,  San  Andreas  Range,  Oscura 
Kango,  and  Chujmdera  Mesa.  The  last  two  ranges  mentioned  slope  to 
the  east  instead  of  the  west,  the  main  fault  passing  between  the  Oscura 
and  San  Andreas  sierras.  Here  two  lofty  fault  scarps  face  each  other, 
si^parated  only  by  a  comparatively  narrow  valley. 

The  characteristic  aspect  of  the  Franklin  Range  and  the  southern 
Organ  Mountains  is  well  shown  by  Pena  Blanca  (PI.  Ill,  B).  The  main 
mass  is  composed  of  Carlx)niferous  limestone  and  rises  nearly  1,000 
foot  al)ove  the  plain  at  the  foot.  The  rugged  character  of  the  Organ 
Mountains  is  well  displayed  by  the  contour  map  of  the  region. 

Tlie  great  fault  scarp  of  the  Sierra  Oscura  is  a  mountain  block  rising 
about  3,0(X)  feet  above  the  plain.  In  the  lower  three-fourths  the  gran- 
ites and  schists  occur,  and  the  long  back  slope  is  a  heavy  plate  of  blue 
Carboniferous  limestone  nearlv  1,(K)0  feet  thick.  Farther  northward 
tho  eastern  rim  of  the  Jornada  is  formed  b}'^  the  Chupadera  Mesa, 
which  rises  in  an  abruptly  west  ward -facing  escarpment  several  hundred 
feet  high.  The  view  of  the  escarpment  shown  in  PI.  IV,  A^  is  from 
the  plain  at  a  distance  of  2  miles.  The  face  of  the  escarpment  iscom- 
posed  of  Cretaceous  sandstones,  but  a  short  distance  l)ack  from  the 
rrost  the  surface  of  the  mesa  is  made  up  of  Carl)oniferous  limestones. 
The  sharp  hill  in  the  left  foreground  is  a  huge  trachyte  dike  which 
extends  away  from  the  observer  across  the  mesa  a  distance  of  12  miles 
or  more. 

With  the  exception  of  the  extreme  northern  portion  the  entire  run- 
otf  of  the  eastern  rim  flows  down  the  limestone  incline  to  the  foot  of 
the  ranges,  then  over  red  shales  into  the  sandstone  area  forming  the 
floor  of  the  l)asin. 

Since  near  the  eastern  ridge  there  is  no  large  watercourse  such  as 
the  Rio  Grande,  which  flows  along  the  western  rim,  the  surface  at  the 
foot  of  the  mountains  presents  but  little  of  the  relief  that  occurs  on 
the  western  border  of  the  plain. 

WESTERN    RIM   OF   THE   BASIN. 

Like  the  eastern  side  of  the  Jornada,  the  western  side  consists  of 
high  ridges  trending  north  and  south  and  dipping  toward  the  basin, 
(ieologicalh"  the  western  rim  is  similar  to  the  eastern  and  of  about  the 
same  height.  There  is,  however,  this  difference:  The  western  portion 
is  broken  at  several  places  and  the  Rio  Grande  has  begun  to  make 
inroads  into  the  plain.  Toward  the  south  that  stream  crosses  a  part  of 
the  plain,  forming  the  Mesilla  Valley. 

The  mountains  fomiing  the  western  boundary  of  the  plain  consist 
at  the  south  of  a  number  of  rather  low,  unnamed  ridges,  lying  on  tiie 
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western  side  of  the  Rio  Grande.  The  Cerro  Magdalena,  southwest  of 
Kincon,  appears  to  be  the  most  important  of  the  ridges  which  lie  west 
of  the  river.  The  Sierra  de  los  Caballos  and  Sierra  Fra  Cristobal  are 
large  ranges,  comparable  to  those  on  the  east  side  of  the  plain.  Con- 
tinuing northward  is  a  long  line  of  mountains  from  8  to  10  miles  east 
of  the  Rio  Grande,  which  extend  almost  unbrokenly  for  a  distance  of 
50  miles  to  the  Cerro  Montosa.  All  of  these  mountains  have  a  con- 
spicuous fault  scarp  marking  their  western  flank. 

At  the  north  end  of  the  Sierra  Fra  (Cristobal,  where  for  a  short 
distance  the  Rio  Grande  breaks  the  rim  of  the  Jornada,  erosion  is 
beginning  to  cut  into  the  plain  and  considerable  indentation  has  been 
already  made.  By  headwater  erosion  the  small  drainage  ways  (dry 
except  in  time  of  heavy  rains,  which  happen  onh?^  a  few  times  each 
3'ear)  are  rapidly  cutting  into  the  border.  The  local  drainage  for  a 
distance  of  nearly  a  quarter  of  the  way  across  the  plain  is  now  turned 
in  this  direction,  and  when  the  driving  rains  come  powerful  corrasion 
takes  place  along  these  arroyos.  The  Rio  Grande  is  800  to  1,000  feet 
below  the  plain,  and  the  gradient  of  the  arroyos  is  over  100  feet  to 
the  mile. 

Other  important  gaps  permitting  the  drainage  waters  of  the  plain 
to  enter  the  Rio  Grande  are  at  the  northern  and  the  southern  ends  of 
the  Caballos  Range,  and  in  the  center  at  Palomas  Canyon.  The  run- 
off of  the  Jornada  side  of  this  entire  range  is  allowed  to  enter  the 
Rio  Grande  instead  of  flowing  out  onto  the  plain  and  there  sinkinif 
beneath  the  surface.  A  strip  of  country  4  miles  wide  on  the  av^ei-atjc 
and  20  miles  long  thus  drains  into  the  Rio  Grande.  This  belt  is 
faulted  in  many  places.  It  is  traversed  by  basic  dikes  and  is  alto- 
gether a  rough  country.  The  difference  in  elevation  of  near-by  points 
is  often  as  much  as  300  feet.  The  canyons  are  numerous  and  lalM- 
rinthine,  with  high  gradients.  Mescal  Canyon  and  Palomas  Canyon 
are  the  two  master  drainage  ways,  into  which  all  others  empt}'  before 
their  waters  cross  the  mountain  axis  and  fall  into  the  Rio  Grande. 

The  tops  of  the  hills  in  this  rough  strip  are  nearly  all  on  a  level, 
which  is  the  same  as  that  of  the  plain  projected  westward.  Conse- 
quently, when  viewed  from  the  railroad  train,  at  a  distance  of  about 
12  miles,  the  plain  appears  unbroken  to  the  ver}^  foot  of  the  mountains. 

In  some  places,  as  at  the  north  end  of  the  Sierra  de  los  Caballos, 
are  extensive  lava  beds  which  were  poured  out  on  the  surface  of 
the  plain.  Mescal  Canyon  cuts  through  one  of  these  sheets,  display- 
ing fine  sections  of  the  beveled  Cretaceous  sandstones  and  the  overh - 
ing  gravels  which  once  constituted  the  floor  of  the  plain  and  which 
now  form  the  floor  beyond  the  limits  of  the  lava  flows.  The  bottom 
of  the  lava  sheet  is  on  a  level  with  the  tops  of  the  hills  of  the  neigh- 
berhood,  also  showing  conclusively  that  at  the  present  time  erosion 
has  progressed  sufficiently  to  intricately  and  deeply  dissect  the  country, 
but  not  far  enough  to  destroy  the  last  remnants  of  the  Jornada's  sur- 
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face  lyin^  in  this  Vw^lt.  North  of  this  Mescal  (-anyon  lava  sheet  is 
another  similar  one,  a  detached  mass,  known  as  Klephant  Butte,  near 
which  is  a  reservoir  site  which,  owing  to  prolonged  litigation,  has 
Ix'come  one  of  the  hest  known  in  the  countrv. 

At  the  south  end  of  the  Sierra  de  los  Caballos  the  Rio  (Jrande  enters 
the  .Jornada  and  cuts  a  deep  trench  diagonally  across  this  plain  to  the 
south  end  of  the  Franklin  Range  at  El  Paso.  The  distance  is  65  miles. 
In  pjissing  through  the  central  part  of  the  plain  the  stream  encounters 
several  groups  of  volcani(^  mountains,  which  are  known  as  the  San 
Diego  Mountains,  the  Dona  Ana  Hills,  Cerro  Rohlero,  eU\  This  part 
of  the  river's  course  is  a  mther  narrow  can  von,  the  sides  of  which 
exhibit  many  l>enches  at  various  elevations  above  the  present  level, 
showing  that  the  lava  flows  acted  as  temporary  dams.  In  this  part  of 
its  course  the  real  nature  and  relationships  to  the  great  bolson  of  the 
country  adjacent  to  the  river  are  so  disguised  that  many  of  its  features 
are  apt  to  be  misinterpreted. 

At  Mesilla  the  valley  of  the  Rio  Grande  broadens  out  into  a  wide 
flood  plain,  known  as  the  Mesilla  basin.  The  Atchison,  Topeka  and 
Santa  Fe  Railroad  follows  the  banks  of  the  Rio  (xrande  for  the  entire 
distance  from  Rincon,  where  it  comes  down  from  the  upland  plain,  to 
El  Paso.  From  Rincon  southward  the  western  rim  of  the  Jornada, 
while  still  high,  is  not  so  sharply  marked  as  farther  north wanl. 

NORTHERN    RIM   OF   THE    BASIN. 

At  the  north  end  of  the  Jornada  the  rim  of  the  basin  does*  not  pre- 
sent the  high  mountainous  aspects  of  the  sides.  There  is,  however,  a 
broadly  curved  line  of  hills  marking  the  boundary  (PI.  Ill,  ^I).  These 
are  5(X)  to  S()(>  feet  high,  and  are  produced  b}'  upturned  strata.  This 
chain  of  hills  is  broken  through  at  a  number  of  points  by  deep 
arroyos,  whose  storm  waters  are  soon  lost  in  the  plain. 

At  one  place,  near  the  west  side,  a  broad,  flat-  bottomed  valley  sev- 
eral miles  in  width  opens  out  to  the  northward.  It  extends  in  that 
direction  many  miles  and  apjx^ars  to  be  continuous  with  the  floor 
of  the  Estancia  bolson  farther  north.  The  deeply  dissected  Chupadera 
Mesa  forms  the  northeastern  wall  of  the  !)asin. 

Beyond  the  rim  a  considerable  area  is  drained  into  the  basin  through 
arroyos.  The  principal  one  of  these  watercourses  is  located  near  the 
center  of  the  north  wall,  and  is  known  as  the  Arroyo  Chupadera.  At 
the  point  where  it  cuts  the  rim,  in  a  deep  canyon,  is  located  the  Ojo 
Chupadei-a. 

SOUTHERN    SIDE   OF   THE    BASIN. 

The  southern  side  of  the  upland  Jornada  plain  is  a  mountainous  belt 
of  country  extending  in  long  tinger-like  projections  across  the  national 
boundarv  from  Mexico.     These  are  the  northern  ends  of  several  Mexi- 
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can  ranges,  (he  principal  one  of  Tvhich  is  the  Sierra  de  los  Muleros.  At 
El  Paso  the  Rio  Grande  has  carved  it^  way  through  the  hard  moun- 
tain rock,  forming  a  narrow  canyon  only  wide  enough  to  permit  the 
passage  of  the  river.  At  this  point  the  east  ridge  is  the  southern 
extremity  of  the  Franklin  Range,  which  here  represents  the  eastern 
rim  of  the  basin.     The  high  mountain  to  the  west  of  the  river  is  said 

to  be  marked  by  benches  to  a 
orou.unv, .,       height  of  800  feet  altove  the  river 

level, 

pomiisiuind-  West  of  the  Rio  Grande  the 

(.■nucwu. aar    ,(j,i„  normal   character  of   the  great 

plain  is  greatly  obscured  by  late 

protrusions  of  volcanic  materi- 

im  r-Lou.         ^^^'     Oonsplcuous  cones  rise  out 

■■ttwiB«ta" "^    ill*!™.  of  the  plain  at  many  points,  and 

extensive  lava  sheets  cover  the 

surface. 

t»ri»ni(>mu. ijw    o«,i\Z^u.,l^  THE    FORMATIONS. 

sindncanc  UENKKAI.  lil'WLO^JIC  RELATIONS. 

The  geologic  formations  of 
south -central  New  Mexico  com- 
prise five  very  marked  classes  of 
rocks  (see  lig.  2).  At  th«  base  is 
agreat  mass  of  crystalline  rocks. 
oncinen.whiiib.     chicfly   granites,   gneisses,   and 

AiKHikun w"-  „dg™nit«.      schists,  with  some  metamorphir 

rocks  which  can  not  always  l>e 

directly  distinguished  from  tiic 

members  of  the  fundamental 

complex.      These    crystalline 

rocks    are,   in   greater   part   at 

least,  Archcan  and  Algonkian  in 

age.     The  later  Paleozoic  rot-ks 

are  widely  distributed,  and  are 

mainly   thick    blue   lim&stoncs. 

mostly   of    (JarbonifcTOus    age. 

which  fonn  chiefly  the  cre.sts  and 

buck  slopes  of  many  of  the  princi|)al  mountain  ranges.     A  third  das.-' 

of  rocks  is  found  in  the  thick  and  extensive  beds  of  massive  yellow 

sandstones  of  Cretaceous  age.     Over  all  these  indurated  rocks  lie-s  a 

mantle  of  soft  clays,  sands,  and  gravels,  largely  dcixfsited  during  the 

lat«  Tertiary  and  Quaternary  periods.      Later  than  all  of  these  arc 

outflows  of  igneous  rock  which  also  cover  many  thouiiands  of  square 
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miles  within  the  limitn  of  New  Mexico.  The  period  during  which  these 
volcanic  rocks  were  erupted  extends  from  the  early  Tertiary  down 
probably  to  within  the  time  of  the  settlement  of  America  by  Europeans. 

The  stratigraphic  relations  of  the  several  rock  masses  are  repre- 
sented in  fig.  2.  As  will  be  noted,  marked  unconformities  separate 
the  different  formations,  the  single  exception  being  between  the  ^^Red 
BedH"  and  the  Carboniferous.  The  geologic  significance  of  these 
unconformities  is  of  exceptional  interest. 

The  thicknesses  given  are  in  all  cases  maximum  measurements. 
The  great  thickness  of  the  Tertiary  gravels  and  the  Cretaceous  sand- 
stones is  found  only  in  the  middle  part  of  the  Jornada,  and  from  this 
middle  line  there  is  a  rapid  diminution  toward  the  eastern  and  western 
rims  of  the  basin. 

ARGHEAN   SYSTEM. 

In  recent  years  geologic  opinion  regarding  the  crystalline  rocks 
which  underlie  the  great  sedimentary  succession  in  the  New  Mexico 
area  has  undergone  some  very  radical  changes,  most  of  the  extensive 
formations  composed  of  granites,  schists,  gneisses,  and  slates,  which 
form  the  core  of  many  of  the  mountain  ranges,  being  now  classified  in 
a  later  geologic  age  than  the  Archean. 

It  is  thought  that  true  Archean  rocks  are  exposed  only  in  the  south- 
ern extremity  of  the  Sangre  de  Cristo  ranges  within  the  boundaries 
of  New  Mexico.  Possibly  also  some  of  the  basement  crystallines  of 
the  MogoUon  and  Burro  mountains  in  western  New  Mexico  and  of  the 
Sierra  de  los  Caballos  on  the  western  rim  of  the  Jornada  may  finally 
[)rovc  to  be  of  Archean  age.  Even  in  these  localities  the  areas  which 
may  be  properly  referred  to  the  Archean  are  of  limited  extent. 

ALOONKIAN   SYSTEM. 

Most  of  the  mountain  ranges  of  central  New  Mexico  are  huge  tilted 
blocks,  one  side  being  a  long  slope  and  the  other  a  steep  face,  origi- 
nalU'  a  fault  scarp.  In  the  steep  face  a  considerable  portion  of  the 
basal  part  is  often  found  to  he  made  up  of  quartzites,  micaceous  and 
hornblendic  schists,  gneisses,  and  granites.  The  foliation  of  these 
highly  metamorphosed  rocks  is  usually  nearly  vertical.  Where  they 
are  overlain  by  the  basal  quartzites  and  limestones  above  they  are 
shai"ply  beveled  off,  and  the  stratification  of  the  sedimentary  beds  is 
nearly-  at  right  angles  to  the  planes  of  lamination  beneath. 

For  a  long  time  it  was  thought  that  this  crystalline  complex  repre- 
sented the  Archean.  Late  investigation  has  shown  conclusively  that 
many  so-called  "quartz  veins"  are  in  reality  quartzites,  and  in  thui 
section  under  the  microscope  this  rock  is  seen  to  be  of  sedimentary 
character.  Many  of  the  dark -colored  schists  were  without  doubt 
originally  basic  intrusives,  and  some  of  the  gneisses  were  granites 
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now  profoundly  sheared.  These  masses  are  frequently  seen  to  be 
penetrated  by  later  acid  eruptives  now  forming  vast  irregular  l)odles 
and  sheets  of  red  granite,  some  of  which  probably  are  later  than 
Algonkian. 

These  highly  metamorphosed  masses  are  referred  to  the  Algonkian 
age.  The}'  are  more  or  less  mineralized  in  the  various  mountain  sj's- 
tems,  containing  man}^  of  the  extensive  deposits  of  copper,  iron,  silver, 
gold,  and  some  of  the  rarer  metals.  These  rocks  are  well  displayed 
in  all  of  the  ranges  surrounding  the  Jornada  plain. 

The  Algonkian  rocks  of  the  Grand  Canyon  section  have  not  been 
recognized  in  New  Mexico,  and  if  they  are  represented  it  is  not  with 
the  same  characteristics  and  succession.  It  is  possible,  however,  that 
more  detailed  study  of  the  New  Mexico  field  will  disclose  relationship 
to  the  Grar  d  Canvon  section.  The  main  succession  there  is  as  fol- 
lows:  (1)  Vishnu  quartzite  at  the  base,  (2)  Grand  Canyon  sandstone 
with  interbedded  and  cutting  basic  eruptives,  and  (3)  Chuar  shales  and 
limestones. 

ROOKS  OF   EARLY    PALEOZOIC   AGE. 

At  present  there  is  no  reliable  evidence  that  any  of  the  lower  Paleo- 
zoic beds  are  represented  within  the  limits  of  the  region  under  consid- 
eration. The  great  Cambrian,  Ordovician,  Silurian,  and  Devonian 
systems  which  are  so  extensively  developed  in  other  parts  of  the 
American  continent  have  thus  far  not  been  observed  in  central  New 
Mexico. 

The  Cambrian  deposits,  known  elsewhere  as  the  Tonto  formation,  and 
so  well  developed  in  the  Grand  Canyon  district,  may  be  represented 
in  western  New  Mexico  in  some  of  the  massive  indurated  sandstones. 
In  central  New  Mexico,  in  the  Sandia,  Caballos,  and  San  Andreas 
ranges,  there  is  a  massive  quartzite  50  to  100  feet  in  thickness,  the 
lower  part  of  which  is  a  conglomerate,  but  it  is  conformable  with  the 
overlying  Carboniferous  limestones.  The  quartzite  member  reposes 
upon  the  upturned  edges  of  the  Algonkian  formations,  indicating 
clearly  that  an  enormous  erosion  interval  separated  the  two.  It  would 
not  be  surprising  if  this  erosion  plane  represents  all  except  the  latest 
Paleozoic  sedimentation  in  other  parts  of  the  country.  In  some  of 
the  New  Mexico  mountain  ranges  this  quartzite  carries  important 
copper  deposits. 

It  was  once  believed  that  the  formations  subjacent  to  the  great  Car- 
boniferous limestone  were  the  metamorphosed  beds  of  the  lower  Pale- 
ozoic; but  this  hypothesis  does  not  now  seem  to  have  foundation. 

CARBONIFEROUS   SYSTEM. 

The  rocks  of  the  Carboniferous  system  appear  to  be  the  only  part  of 
the  great  Paleozoic  sequence  that  are  represented  in  central  New  Mex- 
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ico.  With  the  standard  CarlK)niferou8  section  for  the  American  con- 
tinent^ as  represented  in  the  MissisHippi  Valley,  the  New  Mexico 
sections  do  not  as  yet  admit  of  detailed  comparison. 

The  Carl)oniferous  rocks  of  New  Mexico  are  very  important  forma- 
tions. They  are  found  in  most  of  the  principal  mountain  ranges  and 
in  most  localities  they  are  important  ore  carriers.  As  guide  horizons 
they  deserve  the  fullest  consideration  in  the  location  of  all  mineral 
deposits. 

Four  important  formations  belonging  to  the  Carboniferous  system 
have  been  clearly  made  out  in  the  district  under  consideration.  The}^ 
are  the  lower  Carboniferous,  the  middle  Carboniferous,  the  upper  Car- 
lioniferous,  and  the  so-called  Permo-Carboniferous.  The  three  series 
of  Coal  Measures  of  the  middle  Carboniferous  so  enormously  developed 
in  the  Mississippi  Valley  have  not  been  differentiated  in  the  West. 
They  are,  however,  doubtless  represented  entirely  by  limestones. 

The  lowest  series  of  the  Carboniferous  has  been  recognized  in  a  num- 
ber of  localities.  Among  these  places  is  one  just  outside  of  the  area 
here  mapped,  in  the  vicinity  of  Lake  Valley,  which  deserves  special 
mention.  Here  has  been  found  an  extensive  limestone  series  carrying 
a  rich  fauna  identical  with  that  of  the  lower  Burlington  limestone  in 
Missouri,  Iowa,  and  Illinois.  Professor  Herrick  has  also  reported  a 
similar  lower  Carlwniferous  from  the  east  side  of  the  San  Andreas 
Range. 

The  great  limestone  sheets  which  cap  the  principal  mountain  ranges 
in  south-central  New  Mexico,  and  which  form  their  back  slopes,  are  of 
upper  and  middle  Carboniferous  age.  Immediately  beneath  these 
limestones  is  usually  found  a  white  quartzite  which  often  passes  down- 
ward into  a  coarse  conglomerate.  The  quartzite  with  its  coarse  beds 
rests  unconformably  on  the  upturned  edges  of  a  metamorphic  series, 
as  alreadv  stated. 

The  great  limestones  are  easily  distinguished  from  all  others  of  the 
region  by  their  black  and  blue  to  gray  colors,  their  peculiar  compa(*t 
texture,  and  the  abundant  characteristic  fossils  which  thev  contain. 
The  thickness  of  the  formation  is  from  300  to  probably  more  than 
1,000  feet.  They  are  everywhere  massively  bedded  and  some  locali- 
ties contain  thick  beds  of  very  pure  white  limestone.  In  most  of 
the  principal  mining  districts  the  Carboniferous  limestone  carries 
important  lead  and  silver  deposits.  The  quartzite  frequently  carries 
copper. 

In  the  Sandia  Mountains,  to  the  north  of  the  district  here  described, 
several  subordinate  formations  have  been  differentiated.  The  basal 
conglomerate  and  associated  sandstones  have  been  called  the  Sandia 
quartzite.  The  next  member  is  a  black  limestone.  According  to 
the  best  available  evidence  derived  from  the  contained  fossils  these 
beds  correspond  to  the  earlier  Pennsylvanian  of  the  Mississippi 
Valley. 


22         GEOLOGY,   ETC.,   OF   JORNADA    DEL    MUERTO,  N.  MEX.       [no.12S. 

The  upper  part  of  the  great  limestone  formation — the  bhie  to  gray 
beds — contains  an  abundant  fauna  that  clearly  points  to  late  Penns^'l- 
vanian  age.  In  the  Sandia  Mountains  this  formation  is  called  the 
''  Madera"  limestone.  It  forms  by  far  the  most  important  portion  of 
the  Carboniferous  in  all  of  the  mountain  I'anges  mentioned. 

Above  the  great  blue  limestones  of  the  Carboniferous  there  is  an 
important  sandstone,  and  then  a  sequence  of  shales  and  sandstones  con- 
spicuous for  their  remarkable  red  coloration.  ^'Red  Beds,"  they  are 
generally  called.  These  "Red  Beds"  are  followed  by  other  red  beds 
scarcely  distinguishable  lithologically.  The  latter  are  believed  to 
belong  not  to  the  Carboniferous,  but  to  the  Jurassic-Triassic. 

The  so-called  Permo-Carboniferous  red  beds  are  found  everywhere 
at  the  foot  of  the  back  slopes  of  the  central  New  Mexico  ranges.  They 
are  200  to  1,000  feet  thick,  and  often  form  a  conspicuous  feature. 

In  the  Sandia  Mountains  the  lower  sandstone  is  called  the  "'Coyote"' 
sandstone,  from  Coyote  Springs.  There  is  an  upper  shah^  member 
representing  the  Cimarron. 

JURASSIC-TRIASSIC   SYSTEMS. 

There  appears  to  be  but  small  doubt  that  the  upper  part  of  the  great 
formation  long  called  the  "Red  Beds"  belongs  to  a  later  geologic 
age  than  the  Carboniferous,  and  the  portion  which  occurs  in  New 
Mexico  appears  to  be  that  termed  in  Kansas  the  Cimarron  formation. 

In  New  Mexico  these  beds  are  largely  developed  in  the  northeastern 
part  in  Cimarron,  Canadian*  and  Pecos  valleys,  and  in  the  central 
part  in  the  Rio  Grande  Valley.  The  thickness  probably  is  not  greatly 
in  excess  of  500  feet. 

CRETACEOUS  SYSTEM. 

The  formations  of  Cretaceous  age  are  the  most  extensive  surface 
rocks  in  New  Mexico,  as  they  probably  cover  more  than  one-half  of 
the  whole  area.  Both  the  upper  and  lower  Cretaceous  sediments  are 
well  represented,  but  the  serial  sequence  has  not  yet  been  definitely 
made  out.  The  Jornada  is  ever5^where  immediately  underlain  by 
these  rocks  and  they  are  the  principal  water  carriers.  In  Canadian 
and  Pecos  valleys,  particularly  around  the  western  and  northern 
borders  of  the  Llano  Estacado,  a  remarkable  sequence  of  sands, 
chalky  rocks,  and  clays  lies  above  the  "Red  Beds."  These  strata, 
comprising  the  Trinity  sands,  Fredericksburg  limestone,  and  Washita 
sands,  are  thought  not  to  be  present  in  the  district  here  described,  and 
the  Cretaceous  begins  with  a  formation  believed  to  be  the  Dakota 
sandstone.  This  formation  is  at  least  300  feet  in  thickness  in  this 
region  and  its  basal  sandstone  is  one  of  the  chief  water  reservoirs. 
While  not  generally  recognized,  except  in  northeastern  New  Mexico, 
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it  is  probable  that  the  Dakota  is  widely  distributed  and  is  to  be  found 
a  short  distance  above  the  ''Red  Beds/' 

Although  clearly  differentiated  in  northeastern  New  Mexico  in 
particular,  the  Colorado  formation  is  not  so  well  defined  to  the  south- 
ward. It  comprises,  chiefly,  shales  with  numerous  bands  of  limestone 
and  several  thick  sandstones. 

Attaining  a  development  of  l,r)(K)  feet  in  northeastern  New  Mexico, 
the  Montana  shales  will  doubtless  be  found  to  be  well  represented 
elsewhere  in  the  Territory.  Certain  beds  in  the  Jornada  district  are 
thought  to  be  the  equivalents  of  this  formation.  The  shales  are  mostly 
gray  and  drab,  becoming  yellowish  above  and  blackish  below. 

In  New  Mexico  the  beds  generally  referred  to  the  Laramie  forma- 
tion are  about  2,000  feet  in  thickness.  The  rocks  are  chiefly  gray 
sandstones  and  shales,  with  numerous  beds  of  coal.  Most  of  the  Cre- 
taceous of  the  region  between  the  San  Andreas  and  Caballos  ranges 
seems  to  belong  to  this  age. 

TERTIARY   AND  QUATERNARY    SYSTEMS. 

Eocene. — None  of  the  sediments  of  the  Jornada  are  as  yet  known  to 
belong  to  the  Ek)cene.  In  the  bordering  region  of  the  Rio  Gi*ande 
Valley,  however,  there  are  large  areas  of  gray  shales  and  clays,  reach- 
ing a  maximum  thickness  of  over  800  feet,  which  have  been  referred 
to  the  early  Tertiary  and  are  called  the  Puerco  formation.  A  large 
vertebrate  fauna  has  been  obtained  from  them. 

Later  Tertiary, — The  later  Tertiary  beds  are  widely  distributed  over 
the  plateau  region.  In  eastern  New  Mexico  the  Llano  Estacado  forma- 
tion, over  100  feet  in  thickness,  appears  to  belong  to  this  age.  A  con- 
siderable part  of  the  sands  and  clay  deposits  underlying  the  bolsons 
doubtless  belongs  to  the  Tertiary,  though  as  yet  they  have  not  been 
differentiated  from  the  other  unconsolidated  deposits. 

Quaternary. — To  this  age  belong  such  beds  as  the  bolson  gravels, 
the  arroyo  gravels,  alluvium,  and  many  deposits  of  talus  wash,  besides 
some  lake  deposits. 

The  unconsolidated  gravels  and  other  surface  deposits  covering  the 
plain  of  the  Jornada  del  Muerto  are  probably  in  great  part  of  com- 
paratively recent  origin.  This  opinion  is  based  on  the  belief  that  the 
beveled  plain  itself  is  of  Tertiary'  age,  and  that  consequently  the  pres- 
ent topographic  features  are  of  recent  date.  The  rock  waste  brought 
down  from  the  mountain  slopes  and  carried  out  into  the  plain  is  of 
comparatively  recent  origin  and  its  deposition  is  still  in  progress. 
Apparently  during  Tertiary  time  the  relief  was  less  marked  than  at 
present,  and  if  any  deposits  were  spread  on  the  plain  at  that  time  they 
were  at  best  very  meager. 

The  present  unconsolidated  surface  deposits  are  of  diverse  origin. 
For  the  most  part  they  are  river  deposits.     Some  are  wind  borne.     A 
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few  of  very  limited  extent  may  be  lake  deposits,  but  of  this  there  is 
no  direct  evidence  in  the  Jornada,  though  in  other  basins  there  is 
ample  evidence  of  extensive  lake  beds.  There  are  some  irregular 
beds  which  may  be  the  fine,  light  debris  known  as  volcanic  ash, 
derived  from  some  of  the  many  volcanic  outbursts  in  the  region  in 
later  geologic  time.  These  superficial  deposits  do  not  appear  to  have 
near  the  enormous  thicknesses  that  have  been  ascribed  to  them,  but 
in  places  they  are  sevei*al  hundred  feet  thick. 

Most  of  the  basaltic  lava  flows  of  the  region  doubtless  belong  to  the 
Quaternary  period. 

ERUITIVE  ROCKS. 

The  eruptive  rocks  of  the  region  are  of  three  kinds.  The  most  note- 
worthy are  the  surface  flows  of  black  basalt,  which  often  cover  many 
square  miles.  The  great  sheet  which  begins  immediately  south  of  San 
Marcial  is  perhaps  the  most  extensive.  It  is  of  ver\'^  late  origin  and 
lies  on  several  hundred  feet  of  soft  materials.  In  the  Rio  Gmnde 
bluffs  at  San  Marcial  the  lava  capping  is  now  300  feet  above  the  river. 
The  bluffs  at  this  point  are  nearly  perpendicular  and  form  a  striking 
feature  in  the  topography.  This  lava  flow  probably  at  one  time 
dammed  the  river  temporarily.  Above  the  town  terraces  extend  on 
either  side  of  the  river  for  many  miles  and  gradually  approach  the 
water  level  in  passing  upstream. 

Similar  outflows  from  low  volcanic  cones  occur  at  the  northern  end 
of  the  Jornada  northwest  of  Ojo  Chupadera.  West  of  Engle  station 
there  are  six  or  more  low  volcanic  hills,  none  of  them  over  300  feet 
high,  from  which  basalt  flows  extend  for  a  distance  of  several  miles. 
One  cone  6  miles  southwest  of  Engle  appears  to  be  the  most  important, 
as  from  it  a  broad  tongue  of  lava  extends  a  distance  of  12  miles  or 
more  in  a  northwestward  direction.  This  tongue  is  cut  near  its  distal 
extremity  by  the  deep  Mescal  Canyon.  Four  of  these  cones  appear  to 
be  in  a  line  running  noi'theast  and  southwest.  The  rest  are  5  to  (J  miles 
apart. 

Toward  the  north  end  of  the  line  of  volcanic  cones  there  is  one  from 
which  a  broad  sheet  of  lava  extends  into  the  Rio  Grande  Valley.  Ero- 
sion has  deeply  dissected  the  river  bluffs  and  has  in  several  places 
isolated  small  areas  of  the  original  lava  sheet  which  now  form  flat- 
topped  hills  rising  several  hundred  feet  above  the  stream.  One  of 
these  isolated,  lava-capped  hills  is  widely  known  as  Elephant  Butte. 

In  the  southern  part  of  the  plain,  south  of  Afton,  on  the  Southern 
Pacific  Railroad,  are  similar  lava  flows  covering  many  square  miles  of 
surface. 

South  of  the  Elephant  Butte  region  the  country  is  traversed  by 
numerous  l)asic  dikes  which  are  tracea})le  for  miles.     So  far  jts  can  he 
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ascertained  these  dikes  do  not  materially  affect  the  water  conditions, 
at  least  so  far  as  obtaining  ample  water  supplies  from  shallow  wells. 
In  some  situations  springs  issue  from  the  strata  in  the  vicinity  of  the 
dikes. 

Of  much  older  date  are  the  trachytic  and  rhyolitic  masses  constitut- 
ing the  mountains  near  the  point  where  the  Rio  Grande  enters  the 
fJornada.  The  San  Diego  Mountains  and  the  Dona  Ana  Hills  are  all 
of  this  class.  They  rise  abruptly  out  of  the  nearly  level  plain  and 
form  conspicuous  features  of  the  landscape. 

On  the  northern  rim  of  the  Jornada  near  Ojo  Chupadera  the  rocks 
are  traversed  by  numerous  nearly  pamllel  dikes  of  trachyte.  These 
dikes  are  ^(X)  to  300  feet  wide,  trend  northeast  and  southwest,  are  2  to 
4  miles  apart,  and  are  traceable  for  miles  across  the  country.  In  the 
vicinitv  of  the  dikes  the  rocks  have  been  considemblv  disturbed,  and 
at  some  localities  the  plane  of  intrusion  appears  to  l>e  a  fault,  as  nar- 
row belts  of  Carboniferous  limestone  are  brought  up  into  contact  with 
Cretaceous  sandstone. 

STRirCTl^RE. 

GENERAL   CHARACTTERiaTirS. 

In  its  general  structure  the  Jornada  bolson  is  a  section  of  a  pene- 
plain-part of  a  vast  Tertiary  grade  plain — formed  on  the  beveled 
ed^es  of  Mesozoic  and  Paleozoic  stnita  (fig.  3).  Through  compara- 
tively recent  deformation  the  boundaries  of  the  present  bolson  have 
been  defined  by  locally  intensified  mountain  uplift. 


j400fcet 


Pio.  S. — Mescal  Cone  resting  on  Cretaceous  Handstones. 

While  in  a  general  way  the  bolson  under  consideration  is  a  broad, 
ver}^  shallow  valle}',  and  while  with  its  rim  abruptly  upturned  it  has 
the  appearance  of  a  simple  s^'ncline,  it  is  a  district  in  which  the  syn- 
clinal structure  has  been  developed  at  different  times  and  under  some- 
what different  conditions. 

All  the  mountain  ranges  of  central  New  Mexico  may  be  considered 
as  simple  monoclinal  blocks,  so  tilted  as  to  present  one  steep  side  and 
an  opposite  side  of  more  gentle  slope.  The  crest  and  back  slope  of 
the  different  ranges  consist  chiefly  of  blue  Carboniferous  limestones. 
These  limestones  on  the  rim  of  the  basin  attain  a  thickness  of  over 
1,<X)0  feet,  and  are  underlain  by  granites  and  gneiss. 
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In  general  structure,  the  ranges  adjoining  the  great  bolson  plain  of 
the  Jornada  del  Muerto  are  of  the  characteristic  mountain  type  known 
as  the  Basin  Range  structure.  This  feature  is  best  illustrated  l)y  fig. 
4,  which  is  a  cross  section  in.  an  east-west  direction  transvei^sely  to 
the  long  axis  of  the  bolson  and  embraces  the  mountain  ranges  on  either 
side. 

^,  „  ^  Sacramento  Mtft. 

- .  _    ,       ^   .     .  Sterra  San  Andre 

Sierra  De  Los  r 


Fig.  4.— Basin  Range  structure  of  the  Jornada. 

In  the  various  parallel  bglsons  and  valleys  which  trend  north  and 
south  through  the  high  plateau  region  of  New  Mexico,  the  abrupt 
fault  scarps  on  the  sides  face  each  other  in  some  instances,  while  in 
others  the  longitudinal  valleys  are  bounded  by  the  long  back  slopes, 
giving  the  appearance  of  true  synclines.  The  Jornada  belongs  in  the 
main  to  the  last-mentioned  type.  East  of  the  Jornada  is  the  great 
Jarilla  bolson,  a  similar  plain  150  miles  long  and  50  to  90  miles  wide 
presenting  opposed  fault  scarps  on  its  longitudinal  borders.  To  the 
west  of  the  Jornada  lies  the  Rio  Grande  Vallev,  which  is  similailv 
constructed,  though  now  owing  to  the  enormous  erosion  by  the  great 
stream  the  original  plain  effects  are  nearly  obliterated.  The  genei'al 
relations  of  the  mountain  blocks  are  more  clearly  represented  in  the 
cross  sections  in  PI.  II.  Near  the  mountains,  especially  on  the  west 
side  of  the  plain,  is  a  belt  3  to  4  miles  wide,  where  the  surface  is 
trenched  by  intricately  ramifying  canyons,  often  seveml  hundred  feet 
deep,  in  which  the  formations  are  extensively  exposed. 

While  the  general  slope  of  the  plain  toward  the  center  is  only  2  '  to 
3^,  the  dips  of  the  strata  are  often  as  high  as  30^  in  the  same  direction, 
and  in  places  they  are  vertical.  On  the  beveled  edges  of  the  steeply 
inclined  beds  the  plain  gravels  are  laid  down,  and  also  broad  sheets  of 
basaltic  lava,  the  latter  spreading  out  from  numerous  low  cones  (see 

%•  3). 

The  general  synclinal  chamcter  of  the  bolson  holds  good  for  only 
part  of  the  Jornada.  At  its  northern  end  the  synclinal  feature  is 
completely  lost.  A  monoclinal  structure  is  present — steep  on  the 
western, rim  of  the  basin,  but  soon  flattening  out  to  nearly  a  dead  level 
eastward  to  the  foot  of  the  Sierra  Oscura,  where  there  is  a  fault  of 
3,000  feet. 

STRUCTURAL   RELATIONS   OB'   THE    FORMATIONS. 

The  rim  of  the  Jornada  basin  consists  of  limestones  of  Pennsvlvanian 
age,  which  in  the  center  of  the  synclinal  trough  lie  beneath  the  sur- 
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face  at  a  depth  of  more  than  2,000  feet.  Under  these  limestones  are 
the  crystalline  schists  and  gneisses  with  intrusive  granites.  The  form- 
ations to  be  considered  with  res|)ect  to  the  underground  water  condi- 
tions are  those  lying  above  the  Carboniferous  limestones  and  the 
overlying  ^*Red  Beds."  These  are  the  Cretaceous  sandstones  and  the 
mantle  of  porous,  unconsolidated  deposits  which  everywhere  cover 
the  country  occupied  by  this  plain. 

These  several  geologic  termnes,  embracing  all  between  the  basal 
crystallines  and  the  loose  surface  deposits,  recline  upon  one  another 
without  discordance  in  dip.  It  is  possible  that  marked  unconformities 
exist  locally  between  some  of  the  sedimentary  rocks,  but  as  yet  no 
evidence  of  the  existence  of  these  conditions  has  been  found. 

DESC'RIITION    OF   CROSS   SECTIONS. 

The  geologic  cross  sections  of  the  Jornada  are  especially  instructive 
in  their  direct  bearing  on  the  underground  water  conditions.  Three 
of  these  cross  sections  (PI.  II)  suffice  to  represent  the  general  condi- 
tions. These  are  called  the  northern,  middle,  and  southern  cross  sec- 
tions, and  their  locations  are  indicated  on  the  geologic  map  (PI.  I), 
although  their  extremities  extend  somewhat  beyond  the  area  shown 
on  this  map.  Elach  of  the  cross  sections  is  about  50  miles  long.  The 
vertical  scale  in  feet  is  given  at  the  side  of  the  drawing,  as  are  also  the 
heights  above  sea  level. 

A^cfrihem  cross  section. — The  northern  section  (section  A-A  on  PL 
II),  which  may  be  called  also  the  Socorro  cross  section,  extends  from 
the  San  Augostine  Plains  west  of  the  Magdalena  Mountains,  through 
the  old  Socorro  Volcano  and  the  high  range  of  hills  on  the  east  side 
of  the  Rio  Grande,  to  beyond  the  Sierra  Oscura.  The  Jornada  lies 
between  the  last-mentioned  range  and  the  high  hills  bordering  the  Rio 
Grande  on  the  east. 

In  this  part  of  its  extent  the  substructure  of  the  Jornada  plain  is  a 
monocline  abutting  against  the  Oscura  Mountains.  The  latter  rise 
abruptly  out  of  the  plain  and  for  more  than  three-fourths  of  their 
height  present  crystalline  rocks  in  the  face  of  the  escarpment  they 
form. 

Middle  cross  section. — The  middle  section  (section  B-B,  PI.  II)  may 
be  called  the  Palomas  section,  since  the  famous  Palomas  Canyon  which 
bisects  the  Sierra  de  los  Caballos  is  in  its  line.  This  is  the  most  typical 
cross  section  of  the  Jornada  plain.  It  shows  a  simple  synclinal  struc- 
ture, with  profound  faults  on  the  opposite  sides  of  the  marginal  moun- 
tain ranges  in  either  direction. 

On  the  Rio  Grande  side  of  the  Caballos  Range  repeated  faulting  is 
indicated — the  river  occupying  the  minor  fault  block  next  to  the  greM 
fault  block  of  the  main  mountain  ridge. 
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The  highest  part  of  the  Caballos  Range  exhibits  very  clearly  the 
evidences  of  a  profound  thrust  plane,  the  geologic  age  of  which  greatly 
antedates  the  period  of  normal  block  faulting  which  gives  the  present 
characteristic  aspect  to  the  region.  The  Carboniferous  limestones 
for  three-fourths  of  the  distance  to  the  summit  of  the  range  stand 
nearly  vertical.  P^rosion  has  beveled  the  edges  of  the  upturned  bed.s 
at  angles  of  about  35^ — the  slope  of  the  eastern  side  of  range.  This 
gives  an  appearance  of  great  irregularity  to  the  rocks,  except  at  the 
top  of  the  mountain,  where  horizontal  beds  cap  the  summit.  The 
appearance  is  almost  inexplicable  until  the  existence  of  the  fault  thrust 
is  recognized. 

Immediatelv  east  of  the  western  rim  of  the  bolson  and  between  th«» 
Sierra  de  los  Caballos  and  Sieri'a  Fi*a  Cristobal  are  small  lava  cones  3(mi 
to  400  feet  high,  each  of  which  has  sent  out  a  basaltic  flow  for  sevei-al 
miles  in  all  directions.  These  flows  appear  to  cover  some  of  the 
earlier  mesa  gravels,  and  the}"  are  probably  early  Pleistocene  in  age. 

The  gentle  syncline  of  the  Jornada  is,  perhaps,  its  most  character- 
istic structural  feature.  It  is  to  be  noted,  however,  that  this  region 
is  not  a  simple  trough,  but  a  syncline  which  has  experienced  repeated, 
or  rather  continued,  upturning  of  its  margins  while  the  process  of 
general  base-leveling  was  going  on. 

In  the  San  Andreas  Range  there  is  found  a  simple  monoclinal  bkx'k 
with  profound  faulting  on  the  eastern  flank  of  the  range.  From  the 
foot  another  broad  bolson  plain  extends  to  the  lofty  Sierm  Blanca. 

SoutJieTu  c7*om  sectimi, — The  Las  Cruces  section  (PI.  II,  section 
C-C)  presents  a  number  of  features  not  displayed  in  the  other  two 
sections  here  mentioned.  The  Jornada  continues  to  be  a  synclinal 
trough,  but  the  Rio  Grande  has  cut  across  the  disturbed  zone  of  the 
western  rim  and  traverses  the  great  bolson  itself. 

The  Organ  group  of  mountains,  which  forms  a  part  of  the  eastern 
rim  of  the  Jornada  basin,  is  a  mass  of  old  crvstalline  rocks  which^  on 
account  of  special  local  conditions,  has  been  thrust  upward  much  more 
than  any  other  part  of  the  plain's  periphery,  and  has  been  complete h' 
denuded  of  the  sedimentary  rocks,  except  at  the  very  base  of  the 
range.  Rising  abruptly  out  of  the  plain  half  way  between  the  Organ 
Mountains  and  the  Rio  Grande  is  Tortugas  Hill,  a  small  tilted  lime- 
stone block. 

SOME   MINOR   STRUCTURAL   FEATURES. 

The  region  to  which  this  report  relates  exhibits  many  details  of 
structure  that  probably  are  of  sufficient  interest  to  merit  special  notice 
here.  Among  the  phenomena  of  this  kind  to  be  mentioned  are  fault- 
ing, jointing,  folding,  and  Assuring.  Most  of  the  features  are  in  the 
rim  of  the  basin,  and  on  the  east  slope  of  the  Sierra  de  los  Caballos 
are  exemplifications  of  many  interesting  structural  details. 
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Rf'ii-Mtn  fiiultin<j.--'T\i<'YV.  im  iibuiKlant  cvldi'nro  that  while  the  pres- 
ent itiutintHin  uplifts  aii>  the  piodiirt-*  of  nonrml  fmiltii)};,  this  region 
has  been  sHhjeeted  to  some  tangCDtinl  piessiii-e,  caiimng  overthnist 
Taults.  These  occurred  long  after  C!arb<»niferoiiM  time,  Iwcause  they 
involve  r<H-ks  of  that  age.  Possibly  some  of  tiie  main  lines  of  uplift 
of  the  present  mountain  ranges  were  initiated  by  the  lines  of  woHkness 
marked  by  the  thnist  planes. 

In  the  y^iorra  de  los  Caliallos  the  phenomena  of  reversed  faulting 
are  exceptitmalh'  well  displayed.  The  east  slojie  of  the  range  presents 
snitie  excellent  examples  on  a  small  scale.  One  in  wbieh  the  throw  Xa 
only  ho  feet  is  represented  in  fig.  ft. 


On  the  other  hand,  the  immense  thrust  plane  under  the  Caballo.-s  cone 
may  represi-nt  a  movement  of  one  or  more  miles.  It  is  clearly  exposed, 
with  relations  shown  in  tig.  t!. 


The  tremendous  effects  of  the  tangential  piessure  of  this  period  are 
further  indicated  in  t.a.s  Palomas  ('anyon,  where  the  strata  are  greatly 
corrugated  and  folded. 

X'irnial  faultl.mj,.—The  normal  faults  are  of  two  series,  of  which 
the  major  produced  the  present  monoclinal  blocks  forming  the  east 
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and  west  sides  of  the  great  basin.     These  have  a  throw  of  about  4,<HM) 
feet,  and  give  the  Basin  Range  structure  to  the  region. 

A  minor  series  of  normal  faults  trends  at  right  angles  to  the  axes  of 
the  moiuitain  i-anges.  They  were  produced  probably  in  the  warping 
of  the  great  limestone  masses  which  form  the  main  portions  of  the 
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Fig.  7.— Normal  faulting  at  Napoleon  mine. 

mountiiins.  That  some  of  these  transverse  faults,  even  those  of  com- 
paratively small  throw,  affect  great  thicknesses  of  rock  is  shown  by 
the  fact  that  some  of  them  are  associated  with  true  fissure  veins  of 
lead  and  copper  ores.  A  cross  section  at  the  Napoleon  mine  is  given 
in  fig.  7. 


JOOfeet 
Fig.  8.— Normal  fHiiItinf?  at  Kl  CupiUin  mine. 

Another  good  illustration  is  at  El  (^apibm  mine,  which  is  opened 
near  the  base  of  the  unaltered  sedimentary  sequence,  one  side  of  the 
tunnel  ])eing  the  limestone  and  the  other  the  crystalline  complex 
(see  fig.  8). 
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Anotlier  feature  of  faulting  is  a^^soi-iated  with  the  Uisic  dikes  which 
extend  for  niilps  across  the  country  eaatof  the  Caballos  Kaiifre  and  near 
the  volcanic  conea  alrejidy  mentioned.  In  some  <«ses  the  dikes  do  not 
appear  to  have  disturbed  the  sandstones  in  which  they  ow^ur,  but 
simply  spi'ead  apart  the  two  walls.  A  good  example  is  shown  in 
Mescal  Canyon,  below  the  spring  of  the  same  name.  This  is  repre- 
sented in  tig.  U. 


There  are  often  springs  issuing  from  the  Inise  of  the  canyon  walls 
in  the  immediate  vicinity  of  dikes  of  this  description.  It  may  be  that 
the  dikes  act  as  dams  for  the  underground  waters  and  serve  to  pond 
tliem.  On  the  other  hand,  some  of  these  dikes  greatly  disturb  the 
stind-stones  for  a  distance  of  several  hundred  feet.  This  is  best  illus- 
trated by  fig.  lU. 


Still  more  prominent  are  sonic  of  the  dikes  on  the  northern  boi-dcr 
of  the  Jornada,  east  of  the  Ojo  Chupadera.  The  relationships  of  the 
rocks  are  shown  in  fig.  11, 

A  similar  dike  is  shown  in  PI.  IV'.  .1,  page  It!.  Itcntw  and  upturns 
the  Cartkiniferous  limestones;  but  between  the  time  of  its  intrusion 
and  that  of  the  deposition  of  the  Cretaceous  sandstones  the  whole 
region  was  elevated  and  beveled  off. 
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In  these  cases  the  direct  influence  of  the  dikes  in  the  local  water 
storage  underground  is  traceable.  At  various  points  springs  issue 
from  near  the  line  of  contact  of  the  dike  rock  and  sandstones.     This 


300  feet 


Fio.  11. — Acidic  dike  In  Carboniferous  limestones. 


is  especiail}'  noticeable  wherever  the  rocks  are  slightly  tilted.  Refer- 
ence will  again  be  made  to  these  various  features  in  their  bearings 
upon  the  local  water  supply. 
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GENERAL   CONSIDEKATIOXS. 

It  will  l>e  seen  from  the  foregoing  description  of  the  geologic  rela- 
tions that  the  Jornada  del  Muerto  is  underlain  by  extensive  deposits 
of  permeable  materials.  As  the  greater  part  of  the  rainfall  sinks  into 
these  deposits,  it  is  certain  that  they  contain  waters  which  are  avail- 
able for  wells  of  greater  or  less  depth.  The  appearance  of  a  waterless 
waste  which  this  plain  presents  loses  luueh  of  its  discouraging  aspect 
to  the  settler  when  the  real  conditions  are  presented. 

The  peculiarities  in  geologic  structure,  composition  and  arrange- 
ment of  materials,  and  climatic  conditions  of  the  Jornada  are  similar  to 
those  of  the  other  bolson  plains  of  the  region,  including  western  Texas. 
The  observations  of  Hill^'  on  the  Texan  area  are  so  directly  applicable 
to  the  area  under  consideration  that  several  paragraphs  are  here 
quoted.     He  says: 

The  influence  of  stnicture  and  imbibition  is  phown  in  the  basin  plains.  Althou};li 
unconsolidated,  the  rocks  of  the  basin  plains  are  alternations  of  porous  and  iniptT- 
vious  beds,  and  hence  are  valuable  artesian  areas;  by  experimentation  in  l)orin5  in 
properly  selected  sites  considerable  water  may  be  obtained.     Nonflowing  wells  havi' 


a  Hill,  R.  T.,  Final  Rept.  Artesian  and  Underflow  Investigation,  U.  S.  Dept.  Agric.,  pt.  3,  1892,  p.  M. 
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been  necurecf  in  many  of  the  mo^t  unpromising  plains,  even  in  Death  Valley;  as 
furnishing  water  for  stock,  these  wells  are  very  important. 

The  geologic  age  of  strata  is  of  secondary  importance  in  determining  the  occur- 
rence of  underground  water.  Approximately  the  same  amount  of  rain  falls  upon  a 
great  diversity  of  country,  some  of  which  contains  great  stores  of  water,  while  other 
parts  are  entirely  lacking  in  this  essential.  For  instance,  the  mountains  of  the  trans- 
Pecos  region  are  mostly  compos*»d  of  hard,  imi)ervious  rocks — compact  limestones, 
quartzites,  and  eruptive  rocks.  Less  than  1  per  cent  of  the  rain  falling  upon  these 
rocks  is  absorbed,  except  such  as  tind.^  its  way  into  the  structure  by  cracks  and  fis- 
sures or  along  lines  of  contact.  As  a  result  of  this  condition  the  water  after  every 
shower  quickly  flows  down  the  sIojhjs  to  the  extensive  flats  which  occupy  the  valleys 
between  the  mountain  ranges.  These  flats,  as  well  as  the  entire  surface  of  the  Llano 
Estacailo,  have  a  structure  entirely  different  from  the  adjacent  mountains,  and  are 
for  the  most  jiart  com|K)8ed  of  loose,  jjorous  sands  and  gravels,  so  that  every  drop  of 
rain  that  touches  their  surface  is  immediately  al>sorbed  and  does  not  flow  off  in 
streams.  This  explains  the  utter  absence  of  running  water  on  the  surface  of  these 
flats  and  its  abundance  stored  in  the  structure  beneath.  Not  only  does  this  basin 
and  plain  formation  imbibe  all  the  rain  which  falls  upon  its  surface,  but  the  great 
torrents  which  pour  down  the  mountain  sides  and  canyons  disappear  immediately 
upon  reaching  the  plain,  being  imbibed  by  its  porous  structure.  The  constant 
streams  also  which  flow  from  the  snow-clad  peaks  or  mountain  springs,  such  as  the 
Seven  Rivers,  the  Tularosa,  and  the  numerous  lost  rivers  of  New  Mexico  and  Texas, 
quickly  disappear  upon  reaching  the  plain. 

After  the  rain  ceased  an  observer  would  be  impressed  by  the  fact  that  the  repre- 
sentative rocks  of  the  different  areas  exhibited  capacities  different  not  only  for  imbib- 
ing water,  but  also  for  transmitting  it  through  their  structure  by  percolation,  and 
those  rocks  which  iml>ibe  the  least  water,  like  the  limestones,  porphyries,  and  quartz- 
ites of  the  Organ,  the  Guadalupe,  and  other  trans-Pecos  mountains,  most  slowly 
transmitted  it,  so  that  for  days,  perhaps  months,  springs  and  seeps  flow  from  the 
crevices  and  contact  plains  of  the  high  mountain  slopes,  keeping  alive  delicate  ferns 
and  rare  plants.  On  the  surface  of  the  Llano,  except  where  slight  quantities  of  clay 
are  mixed  with  sandy  loam,  in  an  hour  or  two  there  remains  little  evidence  in  the 
'dry  surfaite  that  a  shower  has  fallen,  the  water  having  quickly  penetrated  to  the 
depths  beneath. 

AREAL  DISTRIBUTION   OF  THE    WATER-BEARING   BEDS. 

By  reference  to  the  geologic  map  (PI.  I)  the  areal  distribution  of 
the  several  geologic  formations  will  be  seen.  The  greater  part  of 
the  area  is  underlain  by  Cretaceous  sand.stone,  which  occupies  the 
middle  portion  of  the  Jornada,  probably  four-fifths  of  the  plains,  and 
is  more  than  25  mUes  wide  in  places.  On  either  side  is  a  bolt  a  mile 
or  two  broad  of  ''Red  Beds,""  chiefly  impervious  clays.  Then  come  the 
Carboniferous  limestones,  forming  the  rim  of  the  basin  in  a  belt  about 
6  miles  wide.  Except  in  the  Sierra  Oscura  and  the  Organ  Mountains, 
the  crystalline  rocks  are  exposed  on  the  bolson  side  of  the  area. 

These  various  belts  of  fonnations  extend  in  nearly  parallel  strips 
along  nearly  the  entire  length  of  the  Jornada  del  Muerto  district. 
Their  proper  recognition  is  necessar}^  for  an  understanding  of  the 
hydrologic  conditions  to  be  expected  in  any  particular  part  of  the  basin. 
This  is  especially  true  of  the  marginal  portions  of  the  area. 
IRE  123—05 3 
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AREA    OF   WATER   SUPPLY. 

The  most  important  feature  to  be  taken  into  consideration  in  connec- 
tion with  the  area  of  possible  water  supply  is  the  fact  that  the  col- 
lecting ground  is  not  confined  to  the  marginal  mountains,  as  in 
many  other  regions,  but  the  bolson  imbibes  all  the  water  falling  upon 
the  surface.  The  underground  reservoirs  may  be  at  different  goo- 
logic  horizons  and  at  different  depths  from  the  surface,  but,  with  the 
exception  of  a  comparatively  small  amount  of  water  which  finds  its 
way  into  the  Kio  Grande,  all  the  I'ain  finds  lodgment  in  souie  jmrt  of 
the  several  porous  formations. 

As  most  of  the  mountain  rock  is  hard  and  impervious,  much  of  the 
rains  run  off  the  mountain  slopes  in  torrents,  which,  as  they  spread  out 
over  the  plain,  are  soon  imbibed  by  the  unconsolidated  surface  depos- 
its. The  arroyos  of  the  Caballos  Mountains  carry  streams  10  feet  deep 
in  time  of  heavy  rainfall,  flowing  with  terrific  force  and  carrying  awa}'^ 
nearly  all  of  the  water,  which  is  shed  completely  by  the  hard  rocks  on 
the  mountain  slopes.  In  the  San  Andreas  Range  these  torrential  waters 
are  being  stored  for  irrigation  purposes  in  the  adjacent  plain  below. 

CLIMATIC   CONDITIONS  AFFECTING   WATER   SUPPLY. 

As  the  Jornada  is  within  the  semiarid  belt  it  presents  characteristics 
not  found  in  more  humid  regions.  The  total  annual  rainfall  is  about 
12  inches,  though  in  the  mountainous  rim,  which  rises  3,000  feet  above 
the  plain,  the  precipitation  probabl}'^  exceeds  15  inches  a  year. 

The  precipitation  is  mainly  rain,  but  occasionally  is  in  the  form  of 
snow,  which  covers  the  ground  to  a  depth  of  2  to  3  inches,  but  disap- 
pears in  a  few  hours.  Most  of  the  rain  falls  during  the  months  of 
July  and  August.  Evaporation  amounts  to  about  90  inches  annually, 
and  is  facilitated  b}'^  the  dry  air,  high  winds,  and  scant  vegetation. 

PERMEABLE   STRATA. 

One  of  the  geologic  peculiarities  in  the  Jornada  del  Muerto  is  that 
it  is  in  greater  part  overlain  by  unconsolidated  porous  deposits.  These 
are  the  loose  bolson  gravels  and  sands  which  cover  the  underlying  for- 
mations to  considerable  depth.  Under  fully  two- thirds  of  the  entire 
area  of  the  plain  the  Cretaceous  sandstones  lie  immediately  beneath 
these  bolson  surface  deposits.  The  next  porous  stratum  is  in  the  basal 
portion  of  the  beds,  where  immediately  above  the  Carboniferous  lime- 
stones there  often  are  beds  of  coarse  sandstone. 

There  are,  then,  three  distinct  formations  which  permit  the  under- 
ground circulation  of  water.  As  these  permeable  formations  extend 
throughout  the  whole  Jornada,  except  a  narrow  belt  around  the  moun- 
tainous rim,  it  is  easy  to  understand  the  reason  for  the  phenomenon  of 


KEYE8.3  UNDERGROUND    WATERS.  35 

a  basin  containing  nearly  10,0()()  square  miles,  with  an  annual  rainfall 
of  10  to  12  inches,  yet  having  a  total  absence  of  running  streams. 
Aside  from  the  portion  of  rainfall  which  is  evaporated,  the  whole  of 
the  annual  precipitation  is  imbibed  by  the  spongy  surface  formation, 
and  percolates  downward  until  it  encounters  some  clayey  layer  or  other 
impervious  stratum. 

WATER  HORIZONS. 

The  water  horizons  in  the  three  formations  above  described  are  as 
follows:  (1)  At  the  base  of  the  bolson  gravels,  (2)  at  the  base  of  the 
Cretaceous  sandstones,  and,  locally,  (3)  at  the  base  of  the  "Red  Beds." 
These  are  the  horizons  from  which  artesian  flows  are  most  likely  to  be 
obtained.  There  are,  however,  other  minor  horizons  in  the  bolson 
gravels  and  sands  and  Cretaceous  sandstones,  to  which  wells  may  be 
sunk  to  secure  ample  water  supplies. 

The  depth  to  which  it  is  necessary  to  bore  in  order  to  reach  the  base 
of  the  lK)lson  gi'avels  and  sands,  which  form  the  first  of  the  principal 
artesian  horizons,  varies  greatly.  The  thickness  of  these  gravels  has 
manifestl}'  been  greatly  overestimated,  as  all  recent  data  indicate  that 
they  probabl}'  nowhere  exceed  a  thickness  of  about  150  feet. 

Shumard,"  one  of  the  pioneer  scientists,  who  traversed  the  Jornada 
in  1856,  makes  the  following  statement: 

Wherever  examined,  the  surface  formation  wa.s  found  to  consist  of  detritus  of  rock 
d^brisy  in  all  respects  the  same  as  those  com  poising  the  neighboring  mountains  iumi 
which  it  was  doubtless  mainly  derived.  The  precise  thickness  of  this  deposit  could 
not  be  very  accurately  determined,  as  only  a  few  natural  sections  were  ol)8erved  and 
these  only  near  the  base  of  the  mountains.  In  two  localities  its  observed  thickness 
was  nearly  500  feet. 

Geologically  speaking,  the  Jornada  del  Muerto  may  be  considered  as  nothing  more 
than  a  single  trough  composed  mostly  of  limestones,  sandstones,  and  shales,  and 
covered  to  the  depth  of  500  or  600  feet  with  loose  detritus. 

There  is  no  place  along  the  Jornada  in  which  there  is  a  section  of 
lx>lson  gravels  showing  any  very  great  thickness.  As  these  gravels 
slope  down  from  the  marginal  mountains,  the  first  inference  would 
naturally  be  that  the  incline  was  produced  by  filling  up  by  the  gravels 
on  a  level  plain.  This  is  not  the  case,  for  the  gravels  lie  on  a  sloping 
surface  and  their  thickness  is  not  great  along  the  slopes,  as  might  at 
first  glance  be  expected. 

Waters  from  wells  sunk  in  the  Cretaceous  sandstones  are  especially 
satisfactorv.  Most  of  the  waters  of  the  Jornada  del  Muerto  now  in 
use  are  ''"hard,"  as  they  often  contain  relativeh^  large  amounts  of  lime 
in  the  form  of  the  carbonate  and  the  sulphate,  but  the  actual  amounts 
of  these  compounds  is  surprisingly  small  when  the  source  of  the  water 
is  considered. 


a  Shiim&Td,  G.  G.,  Structure  of  the  Jornada  del  Muerto:  Tran8.  St.  Louis  Acad.  Sci..  vol.  1, 1858,  p.  341. 
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Some  analyses  of  waters  from  an  adjoining  bolson,  the  Estancia 
plain,  which  presents  almost  identical  geologic  conditions,  illustrate 
the  point.  These  results  of  analyses  are  introduced  for  the  reason 
that  they  represent  even  more  extreme  conditions  than  those  in  the 
Jornada.  The  analyses  were  made  by  Prof.  F.  C.  Lincoln,  of  the 
New  Mexico  School  of  Mines. 

Chemical  analysis  of  well  water  at  Stanley j  N.  Mex, 

[In  grains  per  United  States  gallon.] 
Probable  compounds: 

Organic  and  volatile  matter 3.  644 

Silica , 6.892 

Alumina  and  ferric  oxide 4.  5o5 

Calcium  carbonate 4. 16,'i 

Calcium  sulphate 1.  938 

Calcium  chloride 000 

Magnesium  carbonate 3. 052 

Magnesium  sulphate 000 

Magnesium  chloride 000 

Potassium  carbonate 000 

Potassium  sulphate 2. 973 

Potassium  chloride 000 

Sodium  carbonate 000 

Sodium  sulphate -2.  708 

Sodium  chloride 4. 194 

Total  solids 34.119 

Chemical  analysis  of  water  of  spring-fed  lake  at  Estancia^  N.  Mex. 

[In  grains  per  United  States  gallon.] 

Probable  comiKiunds: 

Organic  and  volatile  matter 2. 125 

Silica 1.682 

Alumina  ( with  ferric  oxide) 666 

Calcium  carbonate 6. 120 

Calcium  sulphate 8.  3.32 

Calcium  chloride 000 

Magnesium  carbonate 000 

Magnesium  sulphate 000 

Magnesium  chloride 4. 463 

Potassium  c>arl)onate , 000 

Potassium  sulpliate 6. 556 

Pota.ssium  chloride 000 

Sodium  carbonate 000 

Smlium  suli)hate 0(X) 

Sodium  chloride 2. 371 

Total  solids 32.315 
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ITKLLS  OF    THE  JORNADA    DEL   MUERTO. 

The  wells  of  the  region  are  of  three  classes,  viz,  shallow  dug  wells, 
deep  drilled  wells,  and  flowing  wells. 

The  first  important  well  in  the  Jornada  del  Mueiix)  was  sunk  ))y 
John  Martin  in  1871.  He  dug  a  hole  160  feet  deep  in  the  middle  of 
the  plain  and  found  a  plentiful  supply  of  good  water.  From  that 
time  onward  Martinis  ranch  became  the  stopping  pla<;e  of  every  party 
crossing  the  then  dreaded  basin. 

During  the  more  than  thirty  years  which  have  passed  since  the  first 
well  was  dug  a  large  number  of  wells  have  been  sunk  in  nearly  every 
part  of  the  region.  They  rarely  go  down  more  than  50  to  75  feet,  and 
the  water  is  raised  chiefly  by  windmills. 

When  the  location  is  selected  with  consideration  of  topographic 
and  geologic  conditions,  it  is  quite  likely  that  there  are  but  few  spots 
in  the  Jornada  which  would  not  furnish  adequate  supplies  of  water  for 
all  purposes  to  which  the  surrounding  countr}'  is  adapted.  Most  of 
the  wells  ai-e  now  dug  in  the  mesa  gravels,  but  where  they  are  in  the 
Cretaceous  sandstones  there  is  apparently  a  larger  flow,  due  probably 
to  the  more  homogeneous  texture  and  more  uniform  porosity  of  the 
formation. 

It  is  probably  unnecessary  to  mention  in  detail  the  various  dug  wells, 
ai!(  the}'  are  so  numerous  and  the  phenomena  presented  are  so  much 
alike  everywhere  within  the  area.  Practically  nothing  has  been  done 
to  develop  water  supplies  by  means  of  deep  wells,  though  the  condi- 
tions appear  favorable  for  abundant  water  from  this  source.  The  only 
serious  attempt  to  sink  a  deep  well  within  the  limits  of  the  Jornada 
appears  to  have  been  at  a  point  a  short  distance  northwest  of  Engle,  a 
station  on  the  main  line  of  the  Atchison,  Topeka  and  Santa  Fe  Rail- 
road, on  the  high  plain  about  halfway  between  San  Marcial  and  Rin- 
con.  Engle  is  300  feet  above  the  first-named  station  and  700  feet  above 
the  second. 

This  well  was  drilled  by  the  railroad  company  to  a  depth,  as  reported, 
of  1,200  feet.  A  good  artesian  flow  was  obtained,  but  the  water  was 
unfit  for  locomotives.  The  casing  was  withdrawn  and  the  hole  plugged 
at  a  depth  of  about  ISO-feet,  where  softer  water  is  obtained.  This  water 
does  not  rise  to  the  surface,  but  has  to  be  pumped  about  50  feet.  The 
discharge  goes  into  a  large  reservoir  and  is  then  piped  to  the  station, 
about  2  miles  distant.  The  present  water  supply  appeara  to  be  ob- 
tained from  the  base  of  the  mesa  gravels.  At  a  depth  of  1,200  feet 
this  boring  pi'obably  failed  to  reach  the  base  of  the  Cretaceous  sand- 
stones, the  horizon  in  which  artesian  flows  of  good  water  may  he 
expected. 

A  number  of  shallow  wells  are  practically  flowing  wells.  They  have 
been  dug  near  springs  in  some  cases,  and  when  properly  curbed  the 
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overflow  is  conducted  through  iron  pipes  farther  down  the  valley. 
Such,  for  example,  are  some  of  the  wells  near  the  foot  of  the  Caballos 
Range, 

QUALITY   OF  THE  UNDERGROUND   WATERS. 

In  the  arid  regions  the  waters  are  so  generally  spoken  of  as  ^^ alkali 
wuters"  that  man}'^  persons  suppose  that  this  character  is  the  prevail- 
ing one.  In  most  cases,  however,  the  underground  waters  of  such 
bolsons  as  the  Jornada  are  often  sufBcientl}^  good  for  domestic  use. 
The  so-called  ''alkali,-'  which  often  appears  as  a  thin  white  coating 
in  places  where  the  water  has  evaporated,  in  most  ca^^es  consists  chiefly 
of  common  salt.  Of  the  large  number  of  well  waters  examined  from 
the  Jornada  comparatively  few  were  found  to  be  unpalatable  and, 
with  a  few  exceptions,  all  were  excellent  for  stock  and  for  domestic 
purposes. 

r6sUM^:   of   UNDERGROUND  WATER  PROSPECTS. 

The  geologic  conditions  of  the  Jornada  indicate  that  the  most 
important  water-bearing  stratum  lies  at  the  base  of  the  Cretaceous 
sandstone.  How  extensive  this  stratum  is  can  only  be  determined  by 
a  few  proi>erly  located  drill  wells;  but  all  available  data  lately  collected 
go  to  show  that  this  water  supply  should  be  very  considerable. 

Since  the  trough  of  the  basin  pitches  southward  about  12  feet  to 
the  mile,  it  is  questionable  whether  the  artesian  conditions  extend 
beyond  the  southern  half  of  the  region.  The  deep  well  and  a  number 
of  shallow  wells  in  the  sandstone  near  £ngle  indicate  that  artesian 
conditions  exist  at  least  that  far  north. 

The  dips  in  the  synclinal  trough  of  the  Jornada  are  such  that  the 
main  water-bearing  stratum  lies  from  1,000  to  2,000  feet  beneath  the 
surface  in  the  center  of  the  valley,  but  rises  rapidly  on  each  side 
until  at  a  distance  of  from  10  to  12  miles  on  either  side  the  water 
horizon  reaches  the  surface  under  the  gi'avels.  The  probable  distance 
that  it  is  necessary  to  drill  in  order  to  penetrate  the  principal  water 
stratum  may  be  thus  estimated  approximately.  Moreover,  there  is 
another  important  and  easily  recognizable  horizon  which  serves  as  a 
guide  plane  l>eyond  which  no  one  should  go  in  his  search  for  flowing 
water.  The  impervious ''Red  Beds"  underlie  the  j'el low  sandstones 
of  Cretaceous  age  and  efl^ectuall}'  prevent  water  from  sinking  lower. 
This  important  fact  should  always  be  borne  in  mind  in  sinking  deep 
wells,  and  it  is  also  believed  to  be  useless  to  seek  for  water  in  the 
"Red  Beds.''  When  the  drill  penetrates  these  beds  sufliciently  to 
establish  their  identity  the  boring  should  be  abandoned. 

There  are  also  local  condition.^  that  interfere  with  the  artesian  flow. 
Some  of  these  obstructions  have  already  been  considered  at  length,  but 
they  should  be  regarded  as  of  but  limited  extent  and  when  met  with  a 
locality  should  not  be  condenmed  on  account  of  a  single  failure. 


KEYKs.]  UNDERGROUND    WATERS.  39 

The  water-bearing  stratum  at  the  base  of  the  mesa  gravels  is  less 
clearly  defined  than  that  at  the  ba*ie  of  the  Cretaceous  sandstone. 
It  is  not  likely  to  furnish  flowing  wells  except  in  a  few  favored  lo<*al- 
ities.  Its  main  value  is  in  furnishing  the  water  supply  for  shallow, 
dug  wells.  Another  point  to  be  taken  into  considei^ation  in  connec- 
tion with  the  water  horizon  of  the  mesa  gravels  is  that  in  many  places 
impervious  clays  separate  the  gravel  beds.  This  brings  important 
water-bearing  levels  much  nearer  the  surface  than  would  be  ordinarily 
expected. 

It  is  now  a  well-known  fact  that  in  the  Mesilla  Valley,  where  the 
Rio  Grande  traverses  the  Jornada  plain,  there  is  a  vast  underflow, 
from  which  water  may  be  pumped  in  great  volume  for  irrigation. 
As  the  Cretaceous  sandstones  rise  near  the  surface  in  the  Mesilla 
Valley,  it  is  possible  that  a  part  of  this  underflow  ma}'  lye  derived 
from  the  artesian  stratum  at  the  Imse  of  the  Cretaceous  sandstone,  but 
it  is  here  mainl}'  in  the  Quaternary  gravels  filling  the  valley. 

IRRIGATION. 

Regarding  the  possibilities  of  the  Jornada  as  a  district  for  irriga- 
tion by  well  waters  much  might  be  written.  It  is  possible  that  by 
svstematic  development  manv  thousands  of  acres  mav  be  reclaimed 
for  agricultural  purposes.  From  artesian  wells  or  even  deep-drilled 
wells  where  pumping  would  have  to  be  done,  the  outlook  appears 
favorable  for  the  irrigation  possibilities.  It  is  estimated  that  eventu- 
ally at  least  one-tenth  of  the  region  should  be  brought  under  cultiva- 
tion. The  waters  of  the  Rio  Grande  can  be  made  available  for  the 
irrigation  of  large  areas  and  the  Elephant  Butte  reservoir  at  the  end 
of  the  Sierra  Fra  Cristobal,  now^  in  contemplation,  will  bring  an 
extensive  portion  of  the  flood  plain  under  irrigation. 

By  the  construction  of  reservoirs  in  the  mountain  arroyos  along  the 
elevated  margin  of  the  plain,  many  local  areas  may  be  brought  under 
cultivation.  Some  of  these  reservoirs  have  already  been  planned  or 
are  under  construction.  Their  success  will  certainly  encourage  many 
others  to  be  built,  and  eventually  a  large  strip  of  country  bordering 
the  mountain  ranges,  which  at  present  is  mostly  used  as  grazing  land, 
will  thus  be  irrigated. 
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LETTER  OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D.  C,  March  16,  1905, 
Sir:  I  transmit  herewith  the  manuscript  of  Part  I  of  a  series  of 
twelve  papers  which  compose  the  Report  of  Progress  of  Stream  Meas- 
urements for  the  Calendar  Year  1904.  Parte  I  to  VI  of  this  report 
contain  the  resulte  of  the  data  collected  in  the  territory  east  of  Missis- 
sippi River.  Parte  VII  to  XII  are  devoted  to  the  data  collected  in  the 
territory  west  of  Mississippi  River. 

The  larger  part  of  the  original  data  for  this  report  was  collected 
under  the  direction  of  district  hydrographer  H.  K.  Ban-ows,  who  was 
assisted  by  S.  K.  Clapp,  F.  E.  Pressey,  and  T.  W.  Norcross.  The 
assembling  of  the  data  and  its  preparation  for  publication  were  done 
under  the  direction  of  John  C.  Ho,vt,  who  has  been  assisted  by  R.  H. 
Bolster,  Robert  Follansbee,  Willis  E.  Hall,  A.  H.  Horton,  and  H.  D* 
Padgett. 

I  request  that  this  manuscript  be  published  as  one  of  the  series  of 
Water-Supply  and  Irrigation  Papers. 

Very  respectfully, 

F.  H.  Newell,  Chief  Engineer. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PROGRESS    REPORT  OF  STREAM  MEASUREMENTS 

FOR  THE  CALENDAR  YEAR  1904. 

F^RT    I. 


By  H.  K.  Barrows  and  John  C.  Hoyt. 


rNTROI>UCTION. 

The  hydrographic  work  of  the  United  States  Geological  Survey 
includes  the  collection  of  facts  concerning  and  the  study  of  conditions 
affecting  the  behavior  of  water  from  the  time  it  reaches  the  earth  as 
rain  or  snow  until  it  joins  the  oceans  or  great  navigable  rivera.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in 
the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo, 
N.  Mex.  Since  that  date  the  work  has  Ijeen  continually  and  gradually 
extended  as  larger  funds  became  available.  The  first  distinctive 
appropriation  for  gaging  streams  was  made  by  the  act  of  August  18, 
1894,  which  contained  an  item  of  $12,500,  "for  gaging  the  streams 
and  determining  the  water  supply  of  the  United  States,  including  the 
investigation  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections."    (Digest  of  Appropriations  for  1895,  p.  270.) 

Since  that  time  a  similar  act  has  been  passed  each  year  and  the 
appropriations  have  gradually  increased,  as  shown  in  the  following 
table: 

Annual  apprapnutianjt  far  hydrographic  nm^H, 

Year  ending  Jime  30,  1895 $12,500 

Year  ending  June  30,  1 896 20, 000 

Year  ending  June  30,  1897 50,000 

Year  ending  June  30,  1898 50,000 

Year  ending  June  30,  1899 50, 000 

Year  ending  June  30,  1900 50,000 

Year  ending  June  30,  1901 100,000 

Year  ending  June  30,  1902 100,000 

Year  ending  June  30,  1903 200,000 

Year  ending  June  30,  1904 200,000 

Year  ending  June  30,  1905 200, 000 

Year  ending  June  30,  1906 200, 000 

The  chief  feature  of  the  work  of  the  h3'drographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  waters  and  the  conditions 
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affecting  the  same.  In  this  connection  other  information  that  may  be 
of  use  to  the  engineer  or  others  in  hydrographic  studies,  such  as  river 
profiles,  duration  and  extent  of  damage  by  floods,  water-power  data, 
etc.,  is  collected.  Furthermore,  the  work  has  been  so  directed  that 
the  information  collected  will  be  of  direct  value  in  the  commercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  June  30,  1902,  the 
work  has  been  largely  extended  and  thoroughly  systemized.  The  vari- 
ous States  have  been  grouped  into  districts,  each  of  which  is  under 
the  supervision  of  a  district  hydrographer  who,  with  a  corps  of  assist- 
ants, devotes  his  whole  time  to  the  study  of  the  hydrographic  resources 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  prepa- 
ration for  publication  are  given  in  detail  in  Water-Supply  Paper  No. 
94.     (Hj^drographic  manual,  U.  S.  Geol.  Surv"e3^) 

The  general  plan  of  stream  gaging  which  has  been  developed  is  to 
obtain  eventually  data  in  regard  to  the  flow  of  all  the  important  streams 
in  the  United  States.  With  this  in  view  gaging  stations  are  estab- 
lished at  points  where  the  data  will  be  of  greatest  commercial  value. 
At  these  stations  discharge  measurements  are  taken  from  time  to  time 
at  typical  river  stages,  and  the  daily  surface  fluctuation  is  obtained  by 
means  of  gage  readings.  From  these  two  factors  it  is  possible  to 
estimate  both  the  total  flow  and  its  distribution  through  the  period  of 
observations. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largeh'  upon  the  needs  of  each  local- 
ity. If  the  stream  is  to  be  used  for  water  power,  special  efforts  are 
made  to  obtain  information  concerning  the  low-water  flow.  If  water 
is  to  be  stored,  the  high  waters  are  given  special  attention.  In  all  sec- 
tions certain  permanent  stations  are  maintained  for  general  statistical 
purposes  to  show  the  conditions  which  exist  throug^h  long  periods. 
They  also  act  as  primary  stations,  and  are  used  in  connection  with 
short  series  of  measurements  to  determine  the  flow  in  particular  por- 
tions of  the  drainage  basin. 

Gaging  stations  are  divided  into  two  general  classes:  First,  current- 
meter  stations;  and  second,  weir  stations.  The  former  class  is  sub- 
divided as  to  location  into  bridge,  cable,  boat,  and  wading  stations. 
Fig.  1  shows  a  cable  station  with  car,  tag-line,  inclined  gage,  etc.  In 
addition  to  the  bridge,  cable,  or  boat,  the  equipment  of  a  current-meter 
gaging  station  consists  in  a  gage  for  determining  the  daily  fluctuations 
of  the  water  surface,  bench  marks  to  which  the  zero  of  the  gage  is 
referred,  and  permanent  marks  on  the  bridge  or  a  tagged  line  indicat- 
ing the  points  of  measurement.  Where  the  current  is  swift  some  appli- 
ance— generally  a  secondary  cable — is  necessary  to  hold  the  meter  in 
position  below  the  surface. 
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Ga^inff  stations  are  g^enerally  located  at  hi-idfreu,  if  the  channel  con- 
ditions are  satiufactory ,  at*  from  them  the  meter  can  he  easily  manipu- 
lat«d,  and  the  cost  of  the  equipment  is  comparatively  umall.  The 
Htations  are  located  as  far  a9  possible  at  pointH  where  the  channel  is 
^t^aight,  hoth  above  and  below  the  gating  section,  and  where  there  are 
no  cross  currents,  backwater,  or  boils.  The  bed  of  the  stream  should 
be  as  clear  as  possible  from  large  projections  and  of  a  permanent 
character.  The  banks  should  be  high,  and  should  overflow  at  high 
stages  only.  Great  care  is  taken  in  the  selection  and  e<]uipment  of 
gaging  stations,  in  order  that  the  data  may  have  the  required  degree 
of  accuracy. 

On  many  of  the  larger  rivers  where  water  powor  is  developed  by 
dams  estimates  of  flow  are  obtained  by  obHcn'ing  the  head  on  the  crest 
and  using  a  weir  formula.  On  the  smaller  streams  sharp-crested 
weirs  are  in  some  cases  erected. 

The  principal  instrument  used  in  stream-measurement  work  is  the 
current  meter,  by  which  the  velocity  of  the  flow  of  water  is  determined. 


Fia.  I.— Cable  slatlon,  Kbowtng  iwcllnn  nl  river,  ct,t,  KBge,  etc. 

After  years  of  experience  the  Survey  has  adopted  the  Price  t-urrent 
meter  for  general  work.  This  meter,  as  in  shown  on  PI,  II.  i.s  made 
in  two  sizes,  known  as  the  large  and  small  Price.  The  small  Price  has 
been  largely  developed  by  the  officers  of  the  Survey,  using  the  Price 
acoustic  met«r  an  a  basis. 

A  discbarge  measurement  is  the  determination  of  the  quantity  of 
waterflowing  pastacertainpointat&given  time.  This  quantity  is  the 
product  of  two  factors:  (1)  The  mean  velotrity,  which  is  the  function 
of  the  cross  section,  surface  slope,  wetted  perimeter,  and  roughness  of 
bed;  (2)  the  area,  which  depends  upon  the  permanency'  of  the  l)ed  and 
the  fluctuations  of  the  surface,  which  govern  the  depth. 

In  making  the  measurement  an  arbitrary  number  of  points  are  laid 
off  perpendicular  to  the  thread  of  the  stream  (see  tig.  1).  These  points 
are  usually  at  regular  intervals,  varying  from  2  to  20  feet,  depending 
upon  the  size  and  conditions  of  the  .stream.  They  arc  known  as  meas- 
uring points,  and  at  them  the  observed  data,  the  velocities  and  sound- 
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ings,  are  taken.  The  perpendiculars  dropped  from  the  measuring 
points  divide  the  gaging  section  into  strips,  and  for  each  strip  or  pair 
of  strips  the  mean  velocity,  area,  and  discharge  are  deterniined  inde- 
pendently; thus  conditions  existing  in  one  part  of  the  stream  are  not 
distributed  to  parts  where  the}"  do  not  apply. 

The  methods  of  obtaining  velocity  with  the  current  meters  which 
are  in  general  use  may  be  grouped  into  three  classes:  Single  p>oint, 
multiple  point,  and  integration. 

The  single-point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity,  or  at  an  arbitrary  depth,  for 
which  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. Extensive  experiments  b}^  vertical  velocity -curves  show  that 
the  thi*ead  of  mean  velocity  lies  at  from  0.5  to  0.7  of  the  total  depth. 
In  general  practice  the  thread  of  mean  velocity  is  considered  to  be  at 
0.6  depth,  and  it  is  at  this  depth  that  the  meter  is  held  in  the  majority 
of  the  measurements,  this  being  known  as  the  six-tenth  depth  method. 
It  is  found  by  a  large  number  of  vertical  velocity -curve  measurements., 
taken  on  various  streams  and  under  various  conditions,  that  the  coef- 
licient  for  reducing  the  velocity  obtained  at  six-tenths  depth  to  mean 
velocity  is  practically  unity,  ranging,  in  a  series  of  910  measurements 
made  at  39  gaging  stations,  between  0.94:  and  1.04,  with  a  mean  for 
the  910  observations  of  1.00.  In  the  other  principal  single-point 
method  the  meter  is  held  near  the  surface,  usually  1  foot  below,  or 
low  enough  to  be  out  of  the  action  of  the  wind  or  other  disturbing 
influences.  This  is  known  as  the  subsurface  method.  The  coefficient 
for  reducing  the  velocities  taken  at  the  subsurface  has  been  found  by 
repeated  experiments  with  vertical  velocity -curves  to  be  from  0.85  to 
0.95,  depending  upon  the  depth  of  the  stream  and  velocity  and  channel 
conditions.  This  method  is  specially  adapted  for  flood  measurements, 
or  when  the  velocity  is  so  great  that  the  meter  can  not  be  kept  at  0.6 
depth. 

The  three  principal  multiple-point  methods  in  general  use  are:  The 
vertical  velocity -curve;  top  and  bottom;  and  top,  bottom,  and  raid 
depth.  In  the  vertical  velocity-curve  method  a  series  of  velocity 
determinations  are  taken  in  the  vertical  at  regular  intervals,  usually 
from  0.5  to  1  foot  apart.  By  plotting  these  velocities  as  abscissas  and 
their  depths  as  ordinates,  and  drawing  a  smooth  curve  through  these 
points,  the  vertical  velocity-curve  is  produced,  which  shows  the 
change  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The 
mean  velocity  in  the  vertical  is  then  obtained  by  dividing  the  depth 
into  the  area  bounded  by  this  mean  velocit3'^-i^urve  and  the  initial  line. 
Owing  to  the  length  of  time  it  takes  to  make  these  measurements,  they 
are  seldom  used  except  for  determining  coefficients  for  purposes  of 
comparison,  and  for  measurements  under  ice. 
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In  the  second  multiple-point  method  the  meter  is  held  from  0.5  to  1 
foot  below  the  surface  and  about  0.5  foot  alcove  the  bottom,  and  the 
mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  This  method  is  not  well  adapted  for  jrenei-al  work, 
as  the  roughness  of  the  bottom  disturbs  the  velocity  at  that  point. 
For  shallow  streams  with  comparatively  smooth  lieds  good  results  are 
obtained  by  this  method.  In  the  third  nmltiple-point  method  the 
meter  is  held  at  mid  depth,  at  0.5  foot  below  the  surface  and  at  0.5  foot 
above  the  bottom,  and  the  mean  velocity  is  determined  by  dividing  the 
sum  of  the  top  velocity  twice  the  mid-depth  velocity,  and  the  bottom 
velocity  by  4. 

The  vertical  integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  surface.  The  number  of  revolutions  and  the  time  taken  in  the 
operation  is  noted,  and  the  mean  velocity  is  found  by  dividing  the 
number  of  revolutions  by  the  number  of  seconds  taken  in  the  run. 
This  method  has  the  advantage  in  that  the  velocitv  at  each  point  of 
the  vertical  is  measured  twice.  It  is  well  adapted  for  measurements 
under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  for  determining  the  discharge  of 
the  stream,  depends  upon  the  stage  of  the  river,  which  is  taken  on  a 
gage,  and  the  general  contour  of  the  bed  of  the  stream,  which  is  found 
by  sounding.  The  soundings  are  usually  taken  at  each  measuring 
point  at  the  time  of  the  discharge  measurement,  either  by  using  the 
meter  and  cable  or  by  a  special  sounding  line  or  rod.  For  stations 
with  permanent  beds  standard  cross  sections  are  usually  taken  during 
low  water.  These  sections  serve  to  check  the  soundings  which  are  taken 
at  the  time  of  the  measurements,  and  from  them  any  change  which  may 
have  taken  place  in  the  bed  of  the  stream  can  be  detected.  They  are 
also  used  for  obtaining  the  area  for  use  in  computations  of  high-water 
measui-ements,  as  accurate  soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  veloci- 
ties and  depths  at  the  various  ix)ints  of  measurements  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  tig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for 
either  a  single  or  double  strip.  The  total  discharge  and  area  are  the 
sums  of  those  for  the  various  strips,  and  the  mean  velocity  is  obtained 
by  dividing  the  total  discharge  by  the  total  area. 

The  volume  of  water  flowing  in  a  stream  is  known  as  run-off.  In 
expressing  it  various  units  are  used,  depending  upon  the  kind  of  work 
for  which  the  data  are  needed.  Those  used  in  this  report  are  "  second- 
feet,"  "acre-feet,"  ''run-off  per  square  mile,"  and  "run-off  in  depth 
in  inches,"  and  may  be  defined  as  follows: 

"  Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  is 
the  body  of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a 
rate  of  1  foot  per  second. 
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The  ^' acre- foot"  is  the  unit  of  capacity  used  in  connection  with  stor- 
age for  irrigation  work,  and  is  equivalent  to  43,560  cubic  feet.  It  is 
the  quantity  required  to  cover  an  acre  to  a  depth  of  1  foot.  There  is  a 
convenient  relation  between  the  second-foot  and  the  acre-foot;  1 
second-foot  flowing  for  twenty-four  hours  will  deliver  86,400  cubic 
feet,  which  equals  1.9835  acre-feet,  or,  approximately,  2  acre-feet. 

The  expression  "second- feet  per  square  mile"  means  the  average 
number  of  cubic  feet  of  water  flowing  each  second  from  every  square 
mile  of  drainage  area,  on  the  assumption  that  the  run-off  is  uniformly 
distributed. 

"Depth  in  inches"  means  the  depth  of  water  in  inches  that  would 
have  covered  the  drainage  area,  uniformly  distributed,  if  all  the  water 
could  have  accumulated  on  the  surface.  This  quantity  is  used  for 
comparing  run-oflf  with  rainfall,  which  quantity  is  usually  given  in 
depth  in  inches. 

It  should  be  noticed  that  "acre-feet"  and  "depth  in  inches"  repre- 
sent the  actual  quantities  of  water  which  are  produced  during  the 
periods  in  question,  while  "second-feet,"  on  the  contrary,  is  merely 
a  rate  of  flow  per  second. 

The  base  data  for  computing  the  daily  discharge  of  a  stream  are  the 
daily  gage  heights  and  the  various  discharge  measurements,  of  which 
there  should  be  sufficient  number  to  cover  the  range  of  stage.  The 
fundamental  laws  upon  which  these  computations  are  based  are  the 
following: 

(1)  The  discharge  will  remain  constant  so  long  as  the  conditions  at 
or  near  the  gaging  station  remain  constant; 

(2)  Neglecting  the  change  of  slope  due  to  the  rise  and  fall  of  the 
stream,  the  discharge  will  be  the  same  whenever  the  stream  is  at  a 
given  stage;  and 

(3)  The  discharge  is  both  a  function  of,  and  increases  gradually 
with,  the  gage  heights  (2  and  3  depend  on  1). 

As  the  beds  of  many  streams  are  changeable,  the  problem  divides 
itself  into  two  classes:  (1)  Those  of  streams  with  permanent  or  practi- 
cally permanent  beds,  and  (2)  those  of  streams  with  changeable  beds. 
The  l)ase  data  and  methods  of  obtaining  them  are  the  same  for  either 
class,  and  it  is  only  in  the  computation  of  the  mean  daily  flow  that 
different  methods  are  necessary. 

In  determining  the  daily  discharge  of  streams  with  permanent  beds, 
the  results  of  the  discharge  measurements  are  plotted  on  cross-section 
paper,  with  gage  heights  as  ordinates  and  discharges  as  abscissas. 
Through  these  points  a  smooth  curve  is  drawn,  which  shows  the  dis- 
charge for  any  gage  height,  and  from  which  a  rating  table  is  prepared. 
The  mean  velocity  and  area  determined  for  each  discharge  measure- 
ment are  also  plotted.     Through  these  points  the  curves  of  mean 
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velocity  and  of  area  are  drawn,  and  the  mtin^  curve  is  largely  deter- 
mined by  taking  the  product  of  the  mean  veloi'ity  and  the  area  at  vari- 
ous stages  as  determined  by  these  curves.  These  curves  of  mean 
velocity  and  area  are  of  special  value  in  determining  the  location  of 
the  rating  curve  for  stages  at  which  actual  discharge  measurements  are 
not  available  and  for  extending  the  discharge  curve  outside  the  limits 
of  the  measurements.  In  the  preparation  of  the  rating  table  the  dis- 
charge for  each  tenth  or  half-tenth  on  the  gage  is  found  from  the 
curve.  The  first  and  second  differences  of  these  discharges  are  then 
taken  and  adjusted  according  to  the  law  that  they  shall  either  be  con- 
stant or  increasing,  never  decreasing.  The  discharges  in  the  table  are 
then  changed  in  accordance  with  these  adjusted  differences.  In  mak- 
ing up  the  station  rating  curve,  the  individual  discharge  measurements 
and  the  conditions  under  which  they  were  taken  are  carefully  studied, 
in  order  that  proper  weight  shall  be  given  to  each  measurement. 
Rating  curves  in  general  take  the  form  of  a  parabola,  and  as  a  rule  the 
high-water  portion  of  the  curve  approaches  a  straight  line.  For  sta- 
tions of  permanent  character,  the  results  of  the  measurements  from 
year  to  year  should  be  within  6  per  cent  of  the  curve,  with  the  excep- 
tion of  those  taken  during  high  water,  when  the  probable  error  may 
be  as  high  as  10  per  cent. 

The  determination  of  the  daily  discharge  of  streams  with  chang^eable 
beds  is  difficult,  and  unless  frequent  discharge  meaijurements  are  made, 
the  results  obtained  are  only  roughly  approximate.  For  streams  with 
continually  shifting  beds,  such  as  Colorado  River  and  the  Rio  Grande, 
discharge  measurements  are  made  every  two  or  three  days,  and  the 
discharges  for  the  intervening  days  are  obtained  by  interpolation, 
modified  by  the  gage  heights  for  these  days.  For  stations  with  beds 
which  shift  slowlj%  or  are  only  materially  changed  during  floods,  sta- 
tion rating  curves  and  tables  can  be  prepared  for  the  periods  between 
changes,  and  satisfactory  results  can  be  obtained  with  two  or  three 
measurements  a  month,  providing  measurements  are  taken  soon  after 
the  changes  occur. 

In  determining  the  flow  for  periods  when  the  streams  are  frozen, 
special  rating  curves  and  tables  have  to  be  prepared  from  measure- 
ments taken  under  these  conditions.  The  methods  of  constructing 
these  curves  and  tables  are  the  same  as  for  open  sections.  The  dis- 
charge measurements,  however,  are  taken  either  by  integration  in  ver- 
ticals or  by  the  vertical  velocity-curve  method,  as  sufficient  experi- 
ments have  not  been  made  on  ice-covered  streams  to  determine  the  laws 
which  govern  the  position  of  the  thread  of  mean  velocity. 

The  Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  19(H,  of  which  this  is  Part  I,  is  published  in  a  series  of  twelve 
Water-Supply  Papers,  Nos.  124-135,  inclusive,  under  the  subtitles 
following. 
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Part  1.  Atlantic  coast  of  New  England  drainage. 

Part  2.  Hudson,  Passaic,  Raritan,  and  Delaware  River  drainages. 

Part  3.  Susquehanna,  Patapsco,  Potomac,  James,  Roanoke,  Cape  Fear,  and  Yarlkin 
River  drainages. 

Part  4.  Santee,  Savannah,  Ogeechee,  Altamaha  rivers,  and  Eastern  Gulf  of  Mexico 
drainage. 

Part  5.  Eastern  Mississippi  River  drainage. 

Part  6.  Great  Lakes  and  St.  Lawrence  River  drainage. 

Part  7.  Hudson  Bay,  Minnesota,  Wapsipinicon,  Iowa,  Des  Moines,  and  Missouri 
River  drainages. 

Part  8.  Platte,  Kansas,  Meramec,  Arkansas,  and  Red  River  drainages. 

Part  9.  Western  Gulf  of  Mexico  drainage. 

Part  10.  Colorado  River  and  Great  Basin  drainage. 

Part  11.  The  Great  Basin  and  Pacific  Ocean  drainage  in  California. 

Part  12.  Columbia  River  and  Puget  Sound  drainage. 

The  territory  covered  by  each  paper  is  given  in  the  subtitle,  and 
the  larger  drainages  are,  for  convenience  in  arrangement,  subdivided 
into  smaller  ones,  under  which  the  data  are  arranged,  as  far  as  prac- 
ticable, geographically. 

These  papers  contain  the  data  that  have  been  collected  at  the  regular 
gaging  stations,  the  results  of  the  computations  based  upon  the  obser- 
vations and  such  other  information  that  has  been  collected  that  has  a 
direct  bearing  on  these  data,  including,  as  far  as  practicable,  descrip- 
tions of  the  drainage  areas  and  the  streams  draining  them. 

For  each  regular  station  are  given,  as  far  as  available,  the  following 
data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  estimated  monthly  and  yearly  discharges  and  run-off. 
The  descriptions  of  stations  give,  as  far  as  possible,  such  general 

facts  about  the  locality  and  equipment  as  would  enable  the  reader  to 
find  the  station  and  use  the  same.  They  also  give,  as  far  as  possible, 
a  complete  history  of  all  the  changes  that  have  occurred  since  the 
establishment  of  the  station  that  would  be  factors  in  using  the  data 
collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year.  This  includes  the  date,  the 
hydrographer's  name,  the  gage  height,  and  the  discharge  in  second- 
feet. 

The  table  of  daily  gage  heights  gives  for  each  day  the  mean  height 
of  the  surface  of  the  river  as  found  from  the  mean  of  the  gage  read- 
ings taken  on  that  day.  At  most  of  the  stations  the  gage  is  read  in 
the  morning  and  in  the  evening. 

The  rating  table  *gives  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights. . 
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In  the  table  of  estimated  run-off  the  coluiuii  headed'*  Maximum  "gives 
the  mean  flow  for  the  day  when  the  mean  gage  height  was  the  highest, 
and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean  gage  height. 
As  the  gage  height  is  the  mean  for  the  day,  there  might  have  l)een  short 
periods  when  the  water  was  higher  and  the  corresponding  discharge 
larger  than  given  in  this  column.  Likewise  in  the  column  of  ''Mini- 
mum'' the  quantity  given  is  the  mean  flow  for  the  day  when  the  mean 
gage  height  was  lowest.  The  column  headed  '^Mean''  gives  the  aver- 
age flow  for  each  second  during  the  month.  Upon  this  mean  the 
computations  for  the  three  remaining  columns  which  are  defined  on 
pHge  14  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  gen- 
eral and  special  rules  have  been  used: 

FiuidamenUil  rtUesfor  cinnpuUition, 

1 .  The  highest  deierree  of  precision  consistent  with  the  rational  use  of  time  and  money 
\»  imperative. 

2.  All  items  of  computation  should  in  general  be  expressed  by  at  least  two  and  by 
not  more  than  four  significant  figures. 

3.  Any  meaBurement  in  a  vertical  velot^ity,  mean  velocity,  or  dischaiige  curve  whose 
per  cent  of  error  is  5  times  the  average  per  cent  error  of  all  the  other  measurements 
should  be  rejected. 

4.  In  reducing  the  number  of  significant  figun^s,  or  the  number  of  decimal  places, 
by  dropping  the  last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without  chang- 
ing the  prei-eding  figure.     Example:  1,827.4  becomes  1,827. 

( b)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  5,  drop  it  and  increase 
the  preceding  figure  by  1.     Example:  1,827.6  becomes  1,828. 

(c)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  prtn-eded  by  an  even 
figure,  drop  the  5.     Example:  1,828.5  IxTomes  1,828. 

(d)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  odd  fig- 
ure, drop  the5  and  increase  the  preceding  figure  by  1 .    Example:  1,827.5  becomes  1,828. 

5.  In  constructing  and  applying  rating  tables  a  maximum  limit  of  one-half  per 
cent  error  should  seldom  be  exceeded. 

Special  rules  for  computation. 

1 .  Rating  tables  are  to  be  constructed  as  close  as  the  data  upon  w^hich  they  are  based 
will  warrant.     No  decimals  are  to  V>e  used  when  the  clischarge  is  over  50  second-feet. 

2.  Daily  diachai^ges  shall  be  applied  dire(!tly  to  the  gage  heights  as  they  are  tabulated. 

3.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  w  hen  tbe  quantities 
are  below  100  second-feet.  Between  100  and  10,000  second-feet,  the  last  figure  in  the 
monthly  mean  shall  be  a  significant  figure.    This  also  applies  to  the  yearly  mean. 

4.  Second-feet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall 
be  carried  out  at  least  to  three  significant  figures,  except  in  the  case  of  decimals,  where 
the  first  significant  figure  is  preceded  by  one  or  more  naughts  (0),  when  the  cjuantity 
shall  be  carried  out  to  two  significant  figures.  Example:  1.25;  .125;  .012;  .0012.  The 
yearly  means  for  these  quantities  are  always  to  be  expressed  in  three  significant 
figures  and  at  least  two  decimal  places. 

The  results  of  the  stream  measurements  made  during  previous  years 
by  the  United  States  Geological  Survey  can  be  found  in  the  following 
IRB  124—05 2 
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Survey  publications.     A  detailed  index  of  these  reports  is  given  in 
Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report.,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Report,  Part  II. 
1895.. Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Water-Supply  Papers  Nob.  15  and  16;  Nineteenth  Annual  Report,  Part  IV. 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-Supply  Papers  Nos.  35  to  39,   inclusive;  Twenty-first   Annual 

Report,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty -second  Annual 

Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  76. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  66  and  75. 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  84  and  85. 

1903.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  97  and  98. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  99  and  100. 

1904.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  124  to  129,  inclusive. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  130  to  136,  inclusive. 

A  limited  number  of  these  are  for  free  distribution,  and  as  long  a^ 
the  supply  lasts  they  may  be  obtained  by  application  to  the  Director 
United  States  Geological  Survey  or  to  members  of  Congress.  Other 
copies  are  filed  with  the  Superintendent  of  Public  Documents,  Wash- 
ington, D.  C,  from  whom  they  may  be  had  at  prices  slightly  above 
cost.  Copies  of  Government  publications  are,  as  a  rule,  furnished  to 
the  public  libraries  in  our  large  cities,  where  they  may  be  consulted 
by  those  interested. 

COOPERATION  ANT>  ACKNOWLEDGMENTS. 

Most  of  the  measurements  presented  in  this  paper  have  been  obtained 
through  local  hydrographers.  Acknowledgment  is  extended  to  other 
persons  and  corporations  who  have  assisted  local  hydrographers  or 
have  cooperated  in  any  way,  either  by  furnishing  records  of  the  height 
of  water  or  by  assisting  in  transportation. 

The  following  list,  arranged  alphabetically  by  States,  gives  the 
names  of  the  resident  hydrogi'aphers  and  others  who  have  assisted  in 
furnishing  and  preparing  the  data  contained  in  this  report: 

Conneciicul. — Resident  hydrographer,  N.  C.  Grover,  until  July  1,  after  that  time 
H.  K.  Barrows, «  assisted  by  S.  K.  Clapp  and  T.  W.  Norcroas.  Acknowledgment 
should  be  made  to  Edwin  D.  Graves,  chief  engineer  of  the  Connecticut  River  bridge 
and  highway  district,  for  gage  heights  of  Connecticut  River  near  Hartford. 


(>The  office  of  the  reddeDt  hydrographer  for  New  England,  6  Beacon  street,  Boston,  Mao. 
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.Vaine.— Resident  hydrographer,  N.  C.  Gmver,  until  July  1,  after  that  time  H.  K. 
Barrows;  aamsted  by  F.  K.  Preesey.  Acknowledgements  should  be  made  to  the 
Bangor  and  Aroostook  Railroad  and  the  Somerset  Railroad  for  annual  passes  issuetl 
to  N.  C,  Grover  (later  to  H.  K.  Barrows)  and  F.  E.  Pressey;  to  the  Maine  Central 
Railroad  for  annual  pass,  good  between  Portland  and  Vanceboro,  issued  to  N.  C. 
Grover  (later  to  F.  E.  Preasey),  and  to  the  Portland  and  Rum  ford  Falls  liailroaii  for 
trip  passes  issuetl  when  desired.  Thanks  are  due  to  the  following  individuals  and 
corporations  for  data  furnished  and  assistance  rendered:  H.  S.  Ferguson,  engineer 
for  the  Great  Northern  Paper  Company,  for  fumitthing  data  on  flow  of  Penobscot 
River  at  Millinocket;  Dr.  L.  8.  Chilcott,  of  Bangor,  for  gage  readings  of  Phillips 
Lake;  Hollingsworth  &  Whitney  Company,  of  Winslow,  through  James  L.  Dean, 
their  engineer,  for  records  of  flow  of  the  Kennebec  at  Waterville;  C.  S.  Humphreys, 
C.  £.,  of  Madison,  for  assistance  in  installing  gage  at  Madison  electric  plant  on  Bandy 
River,  and  the  use  of  the  plant  for  the  purpose  of  procuring  data  on  flow;  the  Chase 
Manuiacturing  Company,  at  Waterville,  for  the  use  of  their  dam  on  Messalonskee 
River  for  measurement  purposes;  Alex.  H.  Twombley,  engineer  for  the  Forest  Paper 
Company,  of  Yarmouth ville,  for  reconls  of  flow  of  the  CobboHsecontee;  C.  A.  Mixer, 
engineer  for  the  Rumford  Falls  Power  Company,  for  records  of  flow  of  Androscoggin 
River  at  Rumford  Falls;  8.  D.  Warren  &  Co.,  of  Westbrook,  for  records  of  flow  of 
the  Presumscot. 

MassaehuaeUs.-r-Kesideni  hydrographer,  N.  C.  Grover,  until  July  1;  after  that  time, 
H.  K.  Barrows,  assisted  by  8.  K.  Clapp  and  T.  W.  Norcross.  Acknowledgments 
should  be  made  to  the  Boston  and  Albany  Railroad  for  pass,  good  between  Boston 
and  Pittsfleld,  issued  to  H.  K.  Barrows;  R.  A.  Hale,  principal  assistant  engineer  of 
the  Essex  Company,  Lawrence,  for  records  of  flow  of  Merrimac  River  at  that 
point;  Frederic  P.  Steams,  chief  engineer  of  the  Metropolitan  Water  and  Sewerage 
Board,  for  records  of  flow  of  Sudbury  and  Nashua  rivers  and  Lake  Cochituate;  X.  H. 
(joodnough,  chief  engineer  State  Boanl  of  Health,  for  information  regarding  various 
streams  in  Maasacliusetts;  the  George  H.  Gilbert  Manufacturing  Company,  of  Ware, 
for  assistance  in  procuring  records  of  flow  of  Ware  River  at  (Tilbertville;  the 
George  H.  Gilbert  Manufacturing  Company  and  the  Otis  Company,  of  Ware,  for  assist- 
ance in  maintaining  gaging  station  at  Ware;  John  T.  F.  MacDonnell,  of  Holyoke, 
for  the  use  of  the  dam  at  West  Warren  for  measurement  purj)oses;  the  W^est  Warren 
Paper  Company,  through  Dwight  Holland,  manager,  for  assisting  in  procuring  data 
regarding  flow  of  Swift  River  at  West  Ware. 

New  Hampshirf. — Resident  hydrographer,  N.  C.  (rrover,  until  July  1;  after  that 
time,  H.  K.  Barrows,  assisted  by  S.  K.  Clapp,  F.  E.  Pressey,  and  T.  W.  Norcrose. 
Acknowledgments  should  be  made  to  the  Maine  Central  and  Boston  and  Maine 
Railroad  for  paases  in  New  Hampshire,  issued  to  N.  C.  Grover  (later  to  H.  K.  Bar- 
rows) and  8.  K.  Clapp;  Walter  H.  Sawyer,  agent  of  the  Union  Water  Power  Com- 
pany, Lewiston,  for  assisting  in  procuring  reconls  of  flow  of  Androscoggin  River 
at  Errol  dam,  and  for  other  data  concerning  Androscoggin  River;  Hollis  French, 
of  French  &  Hubbard,  Boston,  for  data  regarding  flow  of  the  Merrimac  at  Garvins 
FaUs  and  the  use  of  this  plant  for  measurement  purposes;  also  to  G.  G.  Shedd,  reni- 
dent  engineer  at  this  point,  for  assistance  rendered.  Measurements  of  Connecti- 
cut River  at  Orford  were  made  in  part  by  Prof.  C.  A.  Holden,  of  Dartmouth  College. 

Rhode  Island. — Resident  hydrographer,  N.  C.  Grover,  until  July  1;  after  that  time, 
H.  K.  Barrows,  assisted  by  8.  K.  Clapp  and  T.  W.  Norcross. 

Vermont, — Resident  hydrographer,  N.  C.  Grover,  until  July  1;  after  that  time, 
H.  K.  Barrows,  assisted  by  8.  K.  Clapp  and  T.  W.  Norcross.  Acknowledgments 
should  be  made  to  Profs.  A.  D.  Butterfield  and  G.  M.  Brett,  of  the  University  of  V'er- 
mont,  for  assistance  rendered;  to  the  Boston  and  Maine  Railroad  for  pasnes  issued 
to  N.  C.  Grover  (later  to  H.  K.  Barrows)  and  S.  K.  Clapp;  to  the  Rutland  Railroad 
for  pass  issued  to  H.  K.  Barrows,  and  to  the  St  Johnsbury  and  Lake  Champlain 
Railroad  for  pass  issued  to  H.  K.  Barrows. 
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ST.   JOHK  RIVKR  DllAINAGE  BA81K. 

St.  John  River  drains  the  largest  basin  between  St.  Lawrence  River 
on  tiie  north  and  Susquehanna  River  on  the  south.  Its  total  drainage 
area  is  stated  by  Wells'*  to  be  26,000  square  miles,  of  which  approxi- 
mately 7,500  square  miles  lie  in  Maine,  its  basin  occupying  the  whole 
northern  portion  of  the  State.  The  extreme  headwaters  lie  in  the 
mountainous  region  between  Maine  and  Canada,  at  elevations  of  1,500 
and  2,000  feet;  thence  its  waters  flow  at  first  generall}'^  northeasterly 
through  Maine.  From  the  point  of  junction  of  the  northwest  and 
southwest  branches,  where  the  river  first  takes  its  name,  to  its  junc- 
tion with  St.  Francis  River,  a  distance  of  90  miles,  it«  course  lies 
wholly  in  Maine,  although  a  portion  of  the  tributary  area  lie^  in 
Canada.  In  this  distance  Alleguash  River  is  the  only  tributary  of 
importance.  Wells  estimates  the  average  slope  in  the  90  miles  to  be 
l.()  feet  per  mile.  From  its  junction  with  St.  Francis  River  the 
St.  John  forms  the  northern  boundar}^  of  Maine  for  70  miles.  Within 
this  distance  the  slope  is  slightly  greater  than  above,  having  been 
estimated  to  be  2.7  feet  per  mile,  while  the  volume  is  considerably 
augmented  by  two  important  txMbutaries — Fish  River  from  the  south 
and  Madawaska  River  from  the  north.  At  the  point  where  it  leaves 
the  State  line  the  river  has  an  elevation  of  about  420  feet  above  sea 
level  and  drains  an  area  of  8,765  square  miles,  of  which  4,670  square 
miles  are  in  Maine  and  4,095  square  miles  in  Canada.  Beyond  this 
point  it  receives  the  waters  of  Aroostook  and  Meduxnekeag  rivers, 
the  basins  of  which  are  almost  entirely  in  Maine,  besides  several 
smaller  tributaries  having  their  sources,  and  in  some  cases  a  large 
portion  of  their  drainage  basins,  in  the  same  State. 

The  underlying  rock  is  generally  deep  and  either  calcareous  or  cla}' 
slate.  The  basin  is  well  forested;  large  areas  have  never  been  touched 
by  the  ax,  while  other  portions  have  been  lumbered  for  pine  only. 
Probably  85  to  90  per  cent  of  the  whole  basin  tributary  to  the  river  at 
the  eastern  boundary  of  Maine  is  in  forest. 

According  to  Wells,  the  ponds  and  lakes  in  this  basin  in  Maine 
aggregate  a  total  surface  area  of  314  square  miles.  Of  this  water  sur- 
face 120  square  miles,  or  88  per  cent,  are  tributary  to  Alleguash  River 
(36  square  miles  of  which  have  been  diverted  to  Penobscot  River);  60 
square  miles,  or  19  per  cent,  are  tributary  to  Aroostook  River;  and 
80  square  miles,  or  25  per  cent,  are  tributary  to  Fish  River.  At 
the  outlets  of  seveml  of  these  lakes  dams  have  been  built  which  store 
water  to  be  used  in  transporting  logs. 

Prior  to  1845,  a  canal  was  cut  from  Telos  Lake  in  the  Alleguash 
basin  to  Welister  Lake  in  the  Penobscot  basin,  and  a  dam  was  con- 
structed between  Chamberlain  and  Eagle  lakes.     Thus,  by  means  of 


a  Wells,  Walter,  The  water  power  of  Maine,  1869. 
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these  artificial  structures,  Chamberlain  Lake,  with  its  drainage  basin 
of  270  square  miles,  was  made  tributary  to  the  Penobscot.  This 
diversion  of  St.  John  water  is  still  continued.  During  the  log-driving 
season,  which  varies  considerabl}'  in  its  duration,  nearl}'  all  of  the 
run-off  from  this  area  is  thrown  to  the  Penobscot,  while  during  the 
remainder  of  the  year  the  gates  in  the  dam  at  (yhamberlain  Lake  are 
opened  and  water  is  allowed  to  flow  l)oth  ways.  On  account  of  the 
fact  that  the  gates  in  the  dam  at  the  outlet  of  Chaml)erlain  Lake  are 
about  2  feet  lower  than  those  in  the  dam  at  Telos  Lake,  the  flow  from 
this  basin  to  the  St.  John  is  greater  than  that  to  the  Penobscot  when 
the  gates  in  both  are  open.  As  the  surface  of  the  lake  is  lowered  the 
proportion  flowing  to  the  St.  John  increases  until  at  extreme  low 
water  none  flows  to  the  Penobscot. 

Both  the  upper  St.  John  and  Alleguash  rivers  are  generally  inac- 
cessible. The  middle  portion,  forming  the  northern  l)oundary  of  the 
State,  may  be  reached  on  the  Canadian  side  at  an}'  point  b\'  the  Tem- 
iscouata  Railroad,  or  in  Maine  at  Fort  Kent  and  Van  Buren  by  the 
Bangor  and  Aroostook  Railroad,  while  the  basins  of  Fish  and  Aroos- 
took rivers  are  rendered  easily  accessible  bv  means  of  the  latter  road. 
The  drainage  areas  of  the  stream  and  its  principal  tributaries  are  as 
follows: 

Drainage  areas  of  St.  John  River  and  principal  tributaries. 


River. 


Locality. 


Area. 


St.  John Below  AUegaeh 

Do Eastern  boundary  of  Maine 

St.  Francis Month 

Madawaska do 

Tobique do 

Allegiiash do 

Fish do 

Do WallagrasH 

Aroostook 

Do 

Me<laxnekeag 


Square  milf». 
4, 320 
8,765 

580 
1,085 
1,705 
1,500 

910 

890 
2, 350 
2,230 

520 


No  measurements  of  flow  of  St.  John  River  have  been  published. 
The  United  States  Geological  Survey  maintains  gaging  stations  in 
this  basin  on  Fish  River  at  Wallagrass,  Me.,  and  on  Aroostook  Riv^er 
at  Fort  Fairfield,  Me. 


FISH    RIVER  AT  WALLAGRASS,  ME. 


Fish  River  enters  the  St.  John  from  the  south  at  Fort  Kent.  It  has 
a  total  drainage  area  of  910  square  miles,  all  of  which  lies  in  Maine, 
and  of  which  80  square  miles  are  water  surface.     The  basin  is  very 
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generally  wooded,  probably  75  or  80  per  cent  of  its  area  being  still  in 
forest.  Of  the  seveml  available  power  aites  one  only  is  partially 
developed  and  used  for  the  manufacture  of  lumber.  The  underlying 
rock  is  shale  or  slate,  and  in  genei*al  is  well  covered  by  soil. 

The  gaging  station  at  Wallagrass  was  established  by  N.  C.  Grover 
on  July  29,  1903.  It  is  located  just  below  the  outlet  of  Wallagrass 
Brook.  The  area  of  the  drainage  basin  at  thi»  point  is  890  square 
miles.  A  standard  chain  gage  is  attached  to  trees  on  the  bank; 
length  of  chain,  39.75  feet.  It  is  referred  to  bench  marks  as  follows: 
(1)  Copper  l)olt  in  ledge  600  feet  downstream  from  gage;  elevation, 
11.73.  (2)  Nail  driven  in  blazed  birch  tree  5  feet  upstream  from  gage; 
elevation,  11.91  feet.  Elevations  refer  to  datum  of  gage.  The  meas- 
urements of  flow  are  made  from  a  cable  located  about  1,500  feet  down- 
stream from  the  gage,  or  by  wading  at  low  stages  of  the  river.  The 
channel  is  straight  500  feet  above  and  300  feet  below  the  cable,  and  is 
about  100  feet  wide.  The  bed  is  permanent  and  of  gravel.  The  depth 
increases  gi*adually  from  either  bank  to  a  maximum  at  low  water  of 
3.6  feet  near  the  center.  The  current  at  the  cable  is  generally  strong. 
At  extreme  low  water  the  observed  mean  velocity  was  0.63  of  a  foot 
per  second.  The  banks  are  high  and  are  not  liable  to  ovei*flow.  The 
gage  is  read  once  a  day  by  Vital  E.  Michaud,  of  Wallagrass. 

The  'Observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

DincJiarge  measurements  of  Fish  River  at  Wallagrass^  Me.^  in  190S  and  1904< 


Date. 


Hydrographer. 


1903. 
September  18 . . 
September  18  . . 

Octol)er20 

October  20 

October  29 

October  29 do 

November  12  ..: do 


F.  E.  Pressev 

....do 

....do 


do 
do 


1904. 

May  5 1  F.  E.  Pressey 

May  5 do 


June  2 

do 

June  2 

do 

June  16 

do 

June  16 

do 

August  9 

Octo))er27 

do 

do 

Area  of 
sectioii. 


Square/eet. 
269 
269 

53 
208 
205 

33 
241 

1,680 
1,680 
990 
1,000 
740 
730 
305 
615 


Mean 
velocity. 


Ft.  per  tec. 
0.97 

.97 
2.80 

.69 

.63 
3.30 

.83 

4.57 
4.49 
3.53 
3.50 
2.48 
2.40 
1.16 
2.24 


Gage 
height 

FeeL 
2.80 
2.80 

2.40 
2.40 
2.13 
2.06 
2.50 

12.98 
12.97 
8.95 
9.00 
6.35 
6.29 
3.19 
5.39 


Discharge. 

Second-fett. 
260 
281 
148 
144 
129 
109 
20O 

7,690 
7,540 
3,490 
8,500 
1,840 
1,760 
355 
1,380 
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Mean  daily  gage  height^  '*M/''<'^  of  Fis^h  Rbyr  at  WallagraaSy  3f(e.,  for  1904. 


Day. 

.  Feb. 

Mar. 

4.3 
4.3 
4.8 
4.3 
4.3 
4.3 
4.3 
4.3 
4.4 
4.5 
4.7 
4.7 
4.7 
4.7 
4.7 
4.6 
4.6 
4.6 
4.6 
4.6 
4.7 
4.8 
4.8 
4.8 
4..S 
4.7 
4.5 
4.3 
4.2 
4.0 
S.8 

^er. 

Apr. 

3. 5 
3.3 
3.1 
3.1 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.6 
3.S 
4.0 
4.2 
4.3 
4.4 
4.5 
4.6 
4.8 
5.0 
5.2 
6.4 
5.6 
5.9 
6.5 
7.2 
7.6 
8.0 
9.1 
10.3 

May. 

10.6 
11.2 
12.3 
12.8 
13.2 
13.4 
13.6 
13.4 
13.2 
13.3 
13.4 
13.6 
13.6 
13.4 
12.7 
12.4 
12.0 
11. M 
11.6 
11.4 
11.1 
10.9 
10.  G 
10.4 
10.1 
10.0 
9.9 
9.6 
10.1 
9.8 
9.2 

;el.6fc 

.luuc. 

9.3 
8.0 
8.8 
8.2 
8.1 
■S.l 
8.0 
7.8 
8.0 
7.7 
7.0 
6.8 
6.7 
6.6 
6.4 
6.4 
6.1 
6.1 
6.0 
5.7 
6.8 
6.0 
5.2 
5.3 
5.1 
4.9 
h.Q 
5.3 
5.3 
5.1 

>ot  thic 

July. 

5.0 

4.8 
4.7 
.      4.8 
4.7 
4.6 
4.6 
4.4 
4.3 
4.2 
4.1 
4.2 
4.5 
4.4 
4.4 
4.3 
4.2 
4.2 
4.1 
4.0 
3.9 
3.9 
3.9 
3.8 
3.8 
3.7 
3.7 
3.8 
3.7 
3.7 

k. 

AUK. 

3.6 
3.4 
8.4 
3.4 
3.3 
3.3 
3.2 
3.2 
3.2 
3.3 
3.4 
3.3 
3.2 
3.3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.4 
3.4 
3.3 
3.3 
3.3 
3.2 
3.2 

8«pt.  '   Ot. 

3.2       n.o 

3.2  '      6.0 

8.3  1      6.1 

Nov. 

Dec. 

1 

5. 0          3. 6 

2 

■ 

5.0  '     a3.7 

3 

4.9 
4.8 
4.7 
4.6 
4.6 
4.6 
4.4 
4.3 
4.4 
4.6 
4.6 
4.3 

8.8 

4 

ft 

4.0 
4.2 
4.3 

6.2 
6.4 
6.4 

8.8 

5 

3.7 

6 

3.7 

7 

4.3  6.3 

4. 4  6. 1 

8.6 

1 
8 

3.8 

9 

10 

11 

12 

13 

4.4 
4.4 
4.4 

4.4 
4.5 

6.1 
6.1 
6.1 
6.1 
6.1 

3.3 
8.8 

4.2 
4.2 
4.2 
4.3 
4.3 
4.3 
4.3 
4.4 
4.5 
4.5 
4.3 
4.3 
4.3 
4.3 
4.S 
4.3 

4.6         6.0 

4.6  5.9 

4.7  5.9 
4.7         5. 9 
4. 7         5. 9 

15 

4.3        e5.2 

4.2    

17 

18 

4.2    

4.0   

19 

20 

4.8 
5.0 
5.0 
5.0 

5.9 
5.8 
5.8 

5.8 

3.9    

8.8    

21 

8.8 
8.7 
3.7 

(14.4 

23 

5. 0         5.  fi 

24 

25 

5.1 
5.2 
6.2 
5.2 
5.2 
5.2 
5.4 

5.6 
5.5 
5.5 
5.4 
5.3 
5.3 
'5.3 
5.0 

8.7    

3.7    

3.7 
3.7 
8.6 
3.6 
3.6 

27 

28 

29 

«4.2 

31 

o  River  f  i 
c  Joe  1.2  foot  thick 

■ozen  o^ 

« 

» 0.5  foot  thick 
••Ice  1.9 

foot  thi 

ck. 

NOTK. — Qsge  readings  through  ice  taken  to  nurface  of  water  in  a  hole  cut  in  the  ice. 


AROOSTOOK   RIVKR   AT   FORT  FAIRFIELD,  ME. 

Aroostook  River  enters  the  St.  John  from  the  west  near  Aroostook 
JanctioD  in  the  province  of  New  Brunswick.  It  has  a  total  drainage 
area  of  2,350  square  miles,  of  which  2,320  square  miles  lie  in  Maine. 
Probably  80  per  cent  of  the  whole  basin  is  in  forest.  The  underlying 
rock  is  usually  slate.  Ijake  storage  is  used  for  driving  logs  only. 
Water  power  is  used  in  Presque  Isle.  The  principal  falls  on  the  river, 
known  as  Aroostook  Falls,  lie  in  Canada. 

This  gaging  station  was  established  by  N.  C.  Grover  on  July  31, 
1903.  It  is  located  at  the  steel  highway  bridge  in  the  village  of  Fort 
Fairfield.  The  drainage  area  at  this  point  is  2,230  square  miles.  A 
standard  chain  gage  is  attached  to  the  steel  webbing  of  the  upstream 
truss;  length  of  chain  27.01  foot.  It  is  referred  to  bench  marks  as 
follows:  (1)  Northwest  corner  of  south  abutment,  elevation  22.43  feet. 
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(2)  Marked  point  on  connection  plate  near  gage,  elevation  23.60  feet. 
Elevations  refer  to  datum  of  gage.  The  initial  point  for  soundings  is 
on  the  right  bank  at  the  lower  end  of  the  inclined  end  post  of  the 
downstream  truss.  The  channel  is  straight  for  at  least  1,000  feet 
above  and  1,000  feet  below  the  station,  and  is  about  350  feet  wide, 
broken  by  three  piers.  The  bed  is  of  gravel  and  permanent.  The 
banks  are  high  and  not  liable  to  overflow.  The  current  is  medium 
at  low  water  and  swift  at  high  water;  the  least  observed  mean  velocity 
was  0.74  of  a  foot  per  second,  at  gage  height  3.31  feet.  The  depths 
are  small  at  low  water,  averaging  about  2  feet.  The  gage  is  read  twice 
daily  by  C.  C.  Harvey. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  of  Aroostook  River  at  Fort  Fairfield ^  Me.^  in  1903  and  1904. 


Date. 


Hydrographer. 


1903. 

July  13 N.  C.  Grover 

September  10 do 

October  27 F.  E.  Pressey 

1904. 

May  3 |  F.  E.  Pressey 

Mav  10 do 

May  25 do 

May  25 1 do 


June  4 

June  14 

August  11. 
October  25. 


do 
do 
do 
do 


Area  of 
section. 


Square/eet. 
547 
363 
406 

4,690 
3,050 
2,180 
2,100 
1,220 
1,030 
428 
950 


Mean 
velocity. 


ft.  j)er  sec. 

1.44 

.74 

.80 

5.94 
5.24 
4.62 
4.58 
3.48 
3.21 
.97 
2.66 


Gafe 
height. 


fhrt. 
3.70 
3.31 
3.36 

13.33 
10.02 
8.21 
8.05 
5.75 
5.34 
3.44 
4.96 


Discharge. 


Seeond-feel. 
7»> 
270 
326 

27,900 

16,000 

10,100 

9,620 

4,250 

3,310 

415 

2,530 


Afean  daily  gage  height^  infeet^  of  Aroostook  River  at  Fort  Fairfield,  Me. ,  for  1904' 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

2 

3 

4 

5 

nS.OO 

6 

ft  4. 10 

7 

8 

9 

5.10 

10 

11 

12 

^5.20 

10.50 

May. 


12.80 
13.60 
13.25 
12.55 
12.35 
12.75 
12. 55 
11.90 
11.30 
10.70 
10.10 
9.90 


6.90 
6.50 
6.15 
5.80 
6.15 
6.30 
6.65 
6.  HO 
6.70 
6. 25 
5.90 
5.80 


5.50 
6.20 
5.35 
5.65 
5.70 
5.60  . 
5.10  ' 
4.80  I 
4.60  I 
4.35 
4.25 
4.05 


Aug. 

Sept 

Oct 

Nov. 

Dec. 

3.95 

3.50 

6.35 

4.90 

8.90 

3.85 

3.55 

6.95 

4.80 

4.20 

3.80 

3.60 

6.85 

4.70 

4.30 

8.70 

3.96 

6.45 

4.60 

4.90 

S.70 

6.55 

6.10 

4.55 

4.20 

3.70 

6.05 

5.85 

4.50 

4.10 

3.60 

5.75 

5.65 

4.60 

4.30 

3.60 

5.30 

5.50 

4.36 

4.35 

3.60 

6.10 

5. 35 

4.80 

4.30 

3.60 

4.85 

5.30 

4.25 

4.30 

3.60 

4.65 

5.30 

4.20 

4.45 

3.55 

4.40 

5.40 

4.05 

4.» 

a  Ice  2.2  feet  thiclt.       b  Jce  2.1  feet  tliiclc;  gage  height  to  lop  of  ice=5.1  feet       ^lee  1.7  feet  thick. 
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Mean  daily  gage  height ^  in/ret^  of  ArooBtwtk  Rirer  at  Fort  Fhirjieldy  Me.^  for  1904 — Con. 


Day. 

1  Jan. 

1   Feb. 

a  4. 10 

! 

Mar. 

Apr. 

13.. 

14.. 

1 

15 

16.. 

-.     6.20 

10. 10  ' 

May. 

9.fiO 
8.95 

8.95 
8.K5 


June.    July. 


5.70 
5.40 
6.15  ' 
4.95 


17 

'     8.fi0 

4.80 

18 

1 

4.65 

19 

1              t 

<'6.00  \    7.80  ' 

4.45 

20 

d4.10 

4.45 

21 

4.30 

22 

m 

1 

1 

4.15 

23 

'4.90 

1 

4.00 

24 

1   "" 

1 

1 

3.95 

25 

' 

4.10 

26 

I 

4.30 

27 

'•5.00 

t 

1 

5.95 

28 

1 

6.25 

29 

1 

1 

5.75 

30 

a4.60 

1 

13.36   

5.35 

SI 

1 

4.05 
4.35 
4.90 
4.96 
4.65 
4.50 
4.25 
4.20 
4.00 
4.00 
3.90 
3.76 
3.70 
8.70 
3.75 
3.75 
3.75 
3.85 
3.90 


Aug.     Sept.  1  Oft.   .  Nov.     Dec. 


3.60 

8.65 

3.70 

3.80 

3.85 

3.80 

3.80 

3.85  , 

3.80  I 

8.90 

3.95 

8.90 

3.85 

3.80 

3.65 

3.55 

3.50 

8.50 

3.50 


4.% 
4.20 
4.20 
5.35 
6.10 
6.95 
5.85 
5.80 
5.80 
5.65 
5.45 
5.25 
5.20 
5.55 
5.80 
5.75 
6.55 
5.50 


5.35 
5. 15 
4.95 
5. 10 
5.06 
4.95 
4.90 
4.85 
4.80 
4.80 
4.80 
4.95 
5.05 
5.00 
5.00 
5.10 
5.15 
5.a5 
5.00 


4. 
4. 
4. 
4. 
3. 
4. 
8. 
3. 
3. 
4, 
4. 
3. 
3. 
3. 
3. 
3. 
4. 
3. 


00 
10 
30 
00 
95 
10 
75 
76 
96 
05 
10 
90 
90 
86 
90 
90 
20 
95 


4.36 
4.20 
4.20 
4.10 
f'4.10 


/4.10 


9  4.10 


♦•Ice  1.5  feet  thick. 
/Ice  .8  foot  thick, 
vice  1.1  feet  thick. 


a  Ice  2  feet  thick;  gage  height  to  top  of  ice  =5  feet. 

6  Ice  .2  foot  thick. 

ff  Ice  2.1  feet  thick. 

dice  2.2  feet  thick;  gage  height  to  top  of  ice=5  feet. 

XoTK. — During  frozen  season  gage  readingH  are  to  surface  of  water  in  hole  cut  in  ice.    Ice  floats 

normally  on  water  except  as  noted. 

Rating  table  for  Aroostook  Rirer  at  Fort  Fairfield,  i/ir.,  from  August  i,  190S,  to 

December  .f /,  1904. 


Gage 
height 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

blflcharge. 
Second-feet. 

Gage 
height. 

Feet. 

I)i.H<!hHrge. 

Fleet. 

Second-feet. 

Feet. 

Seetmd/eet. 

Fert. 

Seamd-fed. 

3.00 

48 

3. 95 

1,022 

5.70 

1 

4,005 

8.00 

9,500 

3.05 

79 

4.00 

1,087 

5. 80 

4,215 

8.20 

10,100 

3.10 

112 

4.10 

1,220 

5.90 

4,425 

8.40 

1 

10,  710 

3.15 

147 

4.20 

1,360 

6.00 

4,635 

8.60 

11,330 

3.20 

185 

4.30 

1,500 

6.10 

4,845    ' 

,     8.80 

11,960 

3.25 

226 

4.40 

1,645 

'    6.20 

5,060    i 

9.00 

12,600 

3.30 

270 

4.50 

1,795 

6.30 

5, 275 

9.20 

13,  240 

3.35 

317 

4.60 

1,950 

6.40 

5, 495 

9.40 

13,900 

3.40 

368 

4.70 

2,110 

6.50 

5,  715 

9.60 

14, 560 

3.45 

422 

4.80 

2,275 

6.60 

5,940 

9.80 

15,  230 

3.50 

478 

4.90 

2,445 

6.70 

6,165 

10.00 

15,910 

3.55 

535 

5.00 

2,620 

6.80 

6,395 

10.50 

17,650 

3.60 

593 

5.10 

•     2,805 

6.90 

6,630 

11.00 

19,400 

3.65 

652 

5.20 

2,995 

7.00 

6,865 

11.50 

21,200 

3.70 

712 

5.30 

3,190 

7.20 

7, 345 

12.00 

23,000 

3.75 

772 

5.40 

3,390 

7.40 

7,840 

12.50 

24,850 

3.80 

833 

5.50 

3,595 

7.60 

8,360 

13.00 

26,700 

3,85 

895 

5.60 

3,800 

7.80 

8,910 

13.50 

28,600 

3.90 

958 

1 
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The  foregoing  table  is  applicable  only  for  open-channel  conditions.  It  in  Ijased 
upon  II  discharge  measureinente  made  during  1903  and  1904.  It  is  well  defined 
between  gage  heights  3.30  feet  and  13.30  feet.  The  table  has  been  extended  beyond 
these  limits.     Below  gage  height  3.3  feet  the  curve  is  very  uncertain. 

Estimated  monthly  discharge  of  Aroostook  River  at  Fort  Fairfield,  Me.,  for  190S  and  J  904. 

[Drainage  area,  2,230  square  miles.] 


Month. 


1903. 

August 

September 

October 

November 

December  1-14. . . 

1904. 

May  1-17 

June 

July 

August 

September 

October 

November 

December  1-17. . . 


Discharge  in  Heeoiid-feet. 

Maximum. 

Minimum. 

Mean. 

1,290 

368 

641 

1,087 

226 

473 

422 

79 

217 

2,110 

270 

910 

1,645 

317 

1,100 

28,980 

11,330 

19,920 

6,630 

1,022 

3,648 

4,005 

712 

1,825 

1,022 

478 

734 

4,845 

478 

2,985 

6,748 

2,275 

3.352 

2,445 

772 

1,348 

1,872 

958 

1,429 

Run  off. 


Second-feet 

persauare 

nUie. 


0.287 
.212 
.097 
.408 
.326 

8.93 
1.64 
.818 
.329 
1.34 
1.50 
.604 
.641 


Depth  in 
inches. 


0.331 
.236 
.112 
.455 
.170 

5.65 
1.83 
.943 
.379 
1.49 
1.73 
.674 
.405 


ST.  CROIX  RIVKR  DRAINAGE  BASIN. 

St.  Croix  River  is  formed  by  two  branches;  one,  known  as  the 
upper  St.  Croix  or  Chiputneticook  River,  is  the  outlet  of  Schoodic 
Lakes;  the  other,  Kennebasis  River,  is  the  outlet  of  the  western  lakes 
of  the  area,  known  as  Kennebasis  Lakes.  The  upper  St.  Croix,  with 
its  tributary  lakes,  forms  nearly  half  of  the  eastern  boundary  of  Maine, 
separating  that  State  from  New  Brunswick.  The  total  drainage  area 
of  the  main  stream  is  about  1,630  square  miles,  of  which  920  square 
miles  are  tributary  to  the  great  reservoir  systems  controlled  by  dams 
at  Vanceboro  and  Princeton.  The  length  of  the  stream  from  the 
headwaters  to  the  mouth  is  100  miles.  The  basin  is,  in  general,  lower 
than  that  of  any  of  the  larger  streams  of  the  State  flowing  into  the 
Atlantic,  its  headwaters  having  an  elevation  of  about  540  feet.  The 
fall  from  Chiputneticook  (the  lower  of  the  Schoodic  Lakes)  to  tide 
water,  a  distance  of  54  miles,  is,  however,  382  feet,  or  7  feet  to  the 
mile.  At  a  number  of  places  where  falls  and  rapids  occur  water  power 
has  been  or  can  easily  be  develo|)ed. 
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The  lake  surface  of  the  tipper  St.  Ooix  is  approximately  50  square 
milen,  and  that  of  the  West  Branch  7<)  square  miles  in  area,  taking 
into  ac<*ount  only  the  principal  lakes  and  ponds.  Indeed,  above 
Vanceboro  and  Princeton,  each  branch  of  the  river  is  simply  a  succes- 
sion of  lakes  to  almost  the  extreme  headwaters.  Wells  estimated  the 
total  lake  surface  of  the  St.  Croix  as  not  less  than  150  square  miles, 
or  nearly  one-tenth  of  the  total  basin.  The  drainage  area  at  various 
points  on  the  river  is  given  in  the  following  table: 

Drainage  area  of  Si.  Croir  Rh^er. 
Main  river:  Sq.  miles. 

Vanceboro  dam,  foot  of  the  St^hootlic  Lakes 420 

Little  Fallfl 500 

Immediately  above  mouth  of  West  Branch 690 

Immediately  below  mouth  of  West  Branch 1, 360 

Spragnes  Falls 1, 390 

Calais,  lower  dam 1,530 

Mouth  of  river,  eastern  border  of  town  of  Calais 1, 630 

West  Branch : 

Princeton  dam 500 

Confluence  with  main  river 670 

A  large  proportion  of  the  drainage  basin  is  still  covered  with  tim- 
ber, and  above  Vanceboro  and  Princeton  the  region  is  for  the  most 
part  wild  and  inaccessible.  The  greater  part  of  the  timber  land  in  this 
region  is  controlled  by  sawmill  owners  at  Calais  and  St.  Stephen. 
In  1898  the  amount  of  lumber  sawed  annually  had  decreased  from 
about  100  million  feet  to  25  million  feet,  and  since  then  the  number 
of  sawmills  has  been  greatly  reduced.  In  1901  the  lumber  sawed 
amounted  to  28  million  feet,  showing  that  the  rate  of  cutting  has 
remained  nearly  constant  during  the  last  few  years.  There  are  on 
this  stream  favorable  locations  for  paper  and  pulp  mills,  but  armnge- 
ments  would  have  to  be  made  with  the  sawmill  owners  in  order  to 
obtain  a  supply  of  timber. 

The  river  is  navigable  as  far  as  Calais,  except  during  two  months 
of  the  year,  when  it  is  frozen.  Calais  has  railroad  connection  with 
Bangor  directly  over  the  Washington  Count}'  Railroad,  and,  by  wa}" 
of  Vanceboro,  over  the  Canadian  Pacific  and  the  Maine  Central  rail- 
roads. There  is  also  a  short  road  connecting  Princeton  with  Calais. 
Above  Princeton  the  transportation  facilities  are  pSoor. 

ST.    CROIX   RTVEB  AT.  SPRAGUES   FALLS,    NEAR  BARING,    ME. 

This  station  was  established  December  4,  1902,  by  F.  E.  Pressey. 
The  drainage  area  at  this  point  is  1,390  square  miles.  A  standard 
chain  gage  is  attached  to  the  lower  guard  timber  of  the  Washington 
County  Railroad  bridge;  length  of  chain,  24.84  feet.  It  is  referred  to 
bench  marks  as  follows:  (1)  The  downstream  corner  of  bridge  seat  on 
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right  abutment;  elevation,  17.60  feet.  (2)  Copper  bolt  in  bowlder  on 
right  bank  about  200  feet  downstream  from  the  bridge;  elevation, 
16.98  feet.     Elevations  refer  to  the  datum  of  the  gage. 

The  measurements  of  flow  are  made  from  a  car  suspended  on  a  steel 
cable  stretched  over  the  river  about  one-half  mile  above  the  bridge. 
The  initial  point  for  soundings  is  60  feet  from  small  pine  tree  near 
anchorage  on  right  bank.  The  channel  is  straight  for  100  feet  above 
and  l,OrK)  feet  below  the  cable,  and  has  an  unbroken  width  of  alx>ut  2rH) 
feet  at  ordinar}'  stages.  The  banks  are  high  and  rocky,  and  the  bed 
is  rocky  and  permanent.  The  observed  mean  velocity  at  the  cable  has 
varied  between  5.49  feet  per  second  at  gage  height  9.70  feet  and  1.29 
feet  per  second  at  gage  height  6.53  feet.  The  measurement  at  gage 
height  6.11  feet  was  made  from  the  bridge  to  which  the  gage  is 
attached;  mean  velocity,  1.4:1  feet  per  second.  The  gage  is  read  twice 
daily  by  Simeon  Phinney,  section  foreman  on  the  Washington  County 
Kailroad,  who  resides  in  Baring,  Me. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  vieamirements  of  St.  Croijc  River  at  Sprag^ies  Falls^  near  Baring ^  A/<?.,  in  190S 

and  1904. 


Dattv 


Hyjlrog^rapher. 


1903. 

I 

March  21 R.  M.  Connor 

April  20 1 do 

April  28 ' do 

April  29 do 

Mavl8 i do 

m 

May  19 ' do 

Septemljer  9  . . .    F.  E.  Pressey . 

Septenil)er  9^' do 

OctolxT  1 N.  C.  G rover  . 


1904. 

April  27 F.  E.  Presfley. 

Augiiflt  28  « do 


Area  of 
section. 


Mean  Gage        niM.hAnrP 

velocity.        height,   l  AMscnarge. 


S(]uarf/cet.  \    Fl.  jx^r  sec. 


1,070 
984 
751 
778 
628 
658 
609 
609 
418 

990 
570 


5.50 

5. 15  . 

3.59 

3.84 

2.30 

2.34 

1.29 

1.31 

1.41 

4.89 
2.39 


F^et. 
9.70 
9.30 
8.30 
8.40 
7.20 
7.30 
6. 53 
6.55 
6.11 

9.27 
7.10 


I 


Secttmi-f^. 

5,880 

5,060 

2,700 

2,990 

1,450 

1,540 

787 

796 

589 

4,aio 

1,360 


n  Made  at  bridge. 
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yfean  daily  gage  height,  in  Jeeiy  of  St.  fVau:  JiiiYr  at  Spragues  FatU,  near  Baring,  Me., 

for  1904. 


a  Ice  0.85  foot  thick. 

b  River  clear  of  ice. 

c  Ice  1  foot  thiclc. 

<*  Ice  1.1  feet  thick. 

e  Ice  1.25  feet  thick. 

/Thaw;  water  running  on  top  of  ice. 

V  Water  and  ice  same  height;  ice  0.4  foot  thick;  river  froze  about  Jan.  19. 

Note. — ^During  frozen  season  gage  Feadings  are  to  Hurface  of  water  in  holf^'  cut  in  ice. 


Day. 

Jan. 

Feb. 

Mar. 

1 

1  Apr. 

May. 

1 

June. 

1 
1 

8  4 

July. 

'  Aug. 

Sept 
6  9 

Oct. 
7  4 

Nov. 
7  3 

I)e*'. 

1 

8.0 

a  8.0 

8.2 

^8.0 

8  1 

8  0 

6.8 

•> 

8.0 

8.0 

8.2 

8.0 

11.0 

8.4 

8.1 

7.9 

6.9 

7.2 

6.8 

3 

8.1 
8.3 

8.0 
8.0 

8.2 
8.2 

8.1 

10.9 
10.0 

8.3 
8.3 

8.0 

7.7 
7.6 

6.9 

7.3 
7.2 

7.0 

7.0 

6.8 

4 

5 

8.3 

8.0 

8.2 

8.1 

10.0 

8.0 

7.5 

7.0 

7  1 

6.9 

6.9 

6. 

8.3 

8.0 

'       8.3 

9.8 

8.4 

7.9 

7.5 

7.0 

7.0 

7.2 

7 

8.3 

8.3 

7.8 
7.8 
7.7 

8.2 

<-8.5 

8.5 

8.5 

1      8.6 
8.8 
9.4 

9.7 

8.5 
8.6 

8.1 
8.4 

1      8.4 
8.4 

7.8 
8.3 
8.3 

t 

7.3 
7.2 
7.2 

7.0 
6.9 
6.8 
6.8 

6.9 
6.9 

6.7 

6.9 
6.9 
6.9 
6.9 

7.3 

« 

7.4 

9 

7.4 

10 

7.4 

11 

7.7 

d7.7 

7.7 

7.8 

7.8 

8.6 
8.5 

8.6 
8.6 
8.6 
8,6 
8.6 

12.4 
12.4 
12.0 
11.4 
10.9 
10.5 

9.4 

8.7 
10.1 
11.7 
11.9 

11.2 
10.5 
10.5 

8.4 

I      8.1 
8.1 

■      7., 
7.9 
7.9 

'      7.9 

8.5 
8.6 
8.H 
8.8 
8.9 
8.9 

8.6 

7.2 
7.2 
7.2 

7.2 
7.1 

7.1 
7.1 

6.7 
6.7 
6.7 
7.0 

7.1 
7.1 

6.7 
6.7 
6.7 
7.0 
7.1 

7.0 
7.0 

6.8 
6.8 

6.8 
6.8 
6.8 
6.7 
6.6 

12 

8.0 
8.0 
8.0 
8.0 
8.0 
7.9 
7.8 

7.9 

13 

7.9 

14 

7.9 

15 

7  7 

16 

7.5 

7.5 

18 

19 ' 

7.7 
7.7 

7.8  , 
7.8 

8.6 

9.4 
9.6 

10.4 
10.2 

7.8  j 

8.6 
8.6 

7.1 
7.1 

7.0 
6.9 

7.0 
7.0 

6.6 

7.2 

20 

7.0 

21 

7.8 
7.9 

1 
/8.0 

8.5 
8.5 

9.4 
9.4 

10. 1 

7.8, 
8.2 

8.6 

8.6 

7.2 

6.8 
6.8 

6.9 
6.9 

6.7 

6.8 

6.7 

22 

•  • 
7.0 

23 

7.9 

8.0 

8.4 

9.4 

9.9 

8.2 

8.6 

7.2 

6.8 

6.8 

7.0 

24 

8.0 

8.4 

9.8 

8.2 

7,1 

6.8 

7.8 

6.9 

7.0 

25 

8.0 

8.1 

8.4 

9.3 

9.8 

8.2  ' 

8.6 

7.1 

7.7 

7.0 

•26 

8.0  , 

8.1 

8.4 

9.3 

9.6 

8.6 

7.1 

7.1 

7.5 

7.1 

6.9 

27 

ffS.0 

8.1 

8.4 

9.3 

9.6 

8.1  1 

8.7 

7.1 

7.1 

7.4 

6.9 

28 

8.0 

8.4 

9.3 

9.5 

8.1 

8.7 

7.0 

7.4 

7.0 

6.9 

29 

8.0 

8.1  ' 

1 

8.0 

9.3 

8.1 

8.7 

7.0 

7.0, 

7.4 

6.9 

6.8 

30 

8.0 

1 

8.0 

9.4 

8.9 

8.1 

8.7 

6.9 

7.0 

6.8 

6.8 

31 

r 

8.0 

8.7 

. 

6.9 

I 

7.3. 

6.8 

1 
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KaHng  table  /or  JSt.  Croijc  Rirer  at  Spragues  Falls,  near  Baring ,  Me.,  from  December  4, 

190^,  to  December  SI,  1904^ 


Gage 
height. 

Discharge. 

1 

Gage 
height. 

1 
Diflcharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

FfKL 

DlBChaige.  ' 

Feet, 

Secondrfeet. 

Feet. 

Seeond'/eet. 

Feet. 

Secand-feet. 

Seeond-feH, 

5.9 

525 

7.1 

1,330 

8.3 

2,775 

9.5 

5,4o0 

6.0 

655 

7.2 

1,440 

8.4 

2,920 

9.6 

5,750 

6.1 

585 

7.3 

1,550 

8.5 

3,075     ' 

9.7 

6,055 

6.2 

620 

7.4 

1,660 

8.6 

3, 245 

9.8 

6,360 

6.3 

660 

7.5 

1,775 

8.7 

3,430 

10.0 

6,970    j 

6.4 

710    1 

7.6 

1,890 

8.8 

3,635 

10.2 

7,580 

6.5 

770 

7.7 

2,010 

8.9 

3,855 

10.4 

8,190    ' 

6.6 

840 

7.8 

2,130 

;      9.0 

4,090 

10.6 

8,800    . 

6.7 

925 

7.9 

2,255 

9.1 

4,340 

10.8 

9,410    1 

6.8 

1,020 

8.0 

2,380 

9.2 

4,605 

11.0 

10,020 

6.9 

1,120 

8.1 

2, 510 

9.3 

4,880 

11.5 

11,545 

7.0 

1, 225 

8.2 

1 
1 

2,640 

9.4 

5,160 

' 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
11  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  6.10  feet  and  9.50  feet.  The  table  has  been  extended  beyond  these 
limits.  Above  gage  height  9.60  the  rating  curve  is  a  tangent,  the  difference  being 
305  per  tenth. 

Estimated  monthly  discharge  of  iSt.  Croix  Rirer  at  Spragues  FcUls,  near  Baring,  Me.,  for 

1904.<^ 

[Drainage  area,  1,390  square  miles.] 


Month. 


April 

May 

June 

July 

August . . . 
September 
October  .. 
November 
I>ecember 


Discharge  in  second-feet. 


Run-off. 


Maximum. 


14,290 
12,  760 
2,920 
3,855 
2,380 
1,330 
2,130 
1,550 
2,  255 


I  Socond-feet 

Minimum.  |    Mean.    .    persriuare 

mile. 


2,380 

3,075 

2,130 

2,130 

1,120 

925 

925 

840 

925 


6,027 
7,026 
2,605 
3,089 
1,495 
1,140 
1,368 
1,102 
1,418 


4.34 
5.05 
1.87 
2.22 
1.08 
.820 
.984 
.793 
1.02 


Depth  In 
inches. 


4.84 
5.82 
2.09 
2.56 
1.24 

.915 
1.13 

.885 
1.18 


aSunday  discharges  interpolated. 
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MAC1IIA8  RIVlfiR  DRAINAGE  BASIN. 

The  Macbias  may  be  taken  as  fairly  representative  of  several  of  the 
smaller  streams  of  Maine  which  empty  their  waters  directly  into  the 
ocean,  and  which  are  commonly  referred  to  as  '' coastal  rivers."  Its 
total  drainage  basin  is  495  square  miles,  nearly  all  of  which  lies  in 
Washington  County,  Me.  Its  extreme  headwaters  lie  at  an  elevation 
of  nearly  500  feet,  and  are  not  more  than  50  miles  from  tide  water. 
Wells  listed  20  lakes  in  this  basin,  aggregating  29.5  square  miles  in 
area  of  water  surface.  Without  important  exception  these  lie,  how- 
ever, in  the  extreme  headwaters.  Dams  are  maintained  at  several  of 
the  outlets  of  the  lakes,  and  the  stored  water  is  used  for  log  driving. 

The  underlying  rock  is  usually  granite.  Probably  70  to  80  per  cent 
of  the  basin  is  still  in  forest. 

MAGHIAS   RIVER  NEAR   WHITNEYVILLE,  ME. 

This  gaging  station  was  established  October  17,  1903,  by  F.  E. 
Pressey,  at  the  bridge  of  the  Washington  County  Railroad,  near 
Whitneyville.  The  drainage  area  at  this  |x>int  is  465  square  miles. 
A  standard  chain  gage  is  attached  to  the  guard  timber  on  the  down- 
sti-eam  side  of  the  bridge;  length  of  chain,  25.34  feet.  It  is  referred 
to  the  following-described  bench  marks:  (1)  Copper  bolt  in  outc^rop- 
ping  ledge  on  upstream  side  of  railroad  track  and  170  feet  from  the 
face  of  left  abutment;  elevation,  20.12  feet.  (2)  Downstream  outer 
corner  of  bridge  seat  of  right  abutment;  elevation,  18.05  feet.  (3) 
Marked  point  on  floor  beam  of  bridge  at  zero  end  of  gage;  elevation, 
23.  H9  feet.  Elevations  refer  to  datum  of  the  gage.  The  initial  point 
for  soundings  is  on  the  left  bank  at  the  lower  end  of  the  inclined  end 
post  of  the  downstream  truss.  The  velocity  is  small  at  low  water. 
Meter  measurements  may  be  made  by  wading  at  a  point  200  feet  above 
the  bridge  at  low  stages  of  the  river.  The  water  is  confined  to  one 
channel  at  the  bridge  at  all  stages;  the  width  is  about  130  feet. 

A  short  distance  alK)ve  the  station  is  a  dam  which  stores  water  for 
use  by  the  mills  in  Machias.  The  gates  in  this  dam  are  opened  and 
closed  each  day  during  low  stages  of  the  river.  As  a  result  the  river 
fluctuates  as  much  as  0.5  of  a  foot  on  the  gage.  The  bed  is  sand} ,  but 
permanent.  The  gage  is  read  twice  daily  by  George  McKenzie,  a 
farmer  of  Whitneyville. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 
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DifK'harfff  measure meiiUi  of  MachioH  River  near  WhitHei/vilUt  Me.,  in  1903  and  1904- 


Date. 


1903. 
October  17 


1904. 
April  26.... 
April  28 ... . 

Mav  17 

May  20 

Mav  20 

May  21 

August  22... 

August  24 

November  7 


Hydrographer. 


Area  of 
section. 


Mean  Ga^e        Dlachai»p 

velocity.       height.   '  ^»«»a^e. 


F.  E.  Preesey 

F.  E.  Preesey 

do 

do 

do 

do 

do 

do 

do 

do 


Square  feet. 

Ft.  per  tec. 

647 

0.34 

1,030 

1.92 

1,230 

2.42 

1,250 

2.94 

1,360 

3.16 

1,360 

3.07 

1,320 

2.88 

•  860 

1.28 

730 

.74 

580 

.56 

Fetl. 
6.63 


9.67 

11.19 

11.64 

12.41 

12.38 

12.07 

8.54 

7.51 

6.40 


Seoond/ed. 

221 


1,970 
2, 970 
3,670 
4,300 
4,170 
3,800 
1,100 
540 
325 


Mean  daily  gage  height^  infeety  of  Ma^hia^  River  near  Whitneyiille,  Me.,  for  1904. 


Day. 

Jan.u 

Feb.« 

1 

1 

7.3 
7.2 
7.2 
7.1 
7.2 
rf7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.3 
7.3 
7.6 
7.7 
7.7 
7.7 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.5 
7.5 
7.5 
7.6 
7.5 
7.7 
7.7 
7.8 

7.9 
7.8 

fc7.7 
7.7 
7.6 
7.6 
7.7 
7.6 
8.0 
7.6 

«7.7 
7.8 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

7.7 

14 

7.7 
7.6 
7.6 
7.5 
A  7. 4 

15 

16 

17 

18 

19 

7.3 

20 

7.2 

21 

7.2 

22 

7.4 
8.0 

8.4 
'8.6 
8.6 
8.4 
8.2 
7.9 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Mar.  a 

Apr. 

May. 

7.8 

9.3 

12.4 

7.8 

9.4 

11.9 

^-s.o 

9.9 

11.2 

8.8 

9.6 

10.1 

9.4 

9.4 

9.2 

9.6 

9.6 

8.8 

9.3 

10.0 

8.3 

10.4 

10.4 

8.2 

12.2 

11.4 

7.9 

11.8 

12.8 

9.2 

11.0 

14.0 

10.9 

10.5 

13.3 

13.9 

10.4 

12.8 

16.6 

9.6 

12.4 

14.0 

9.2 

11.6 

11.4 

9.0 

10.6 

10.6 

8.7 

10.1 

11.9 

8.2 

9.8 

12.9 

8.0 

9.7 

13.0 

8.0 

9.8 

12.4 

8.2 

9.5 

12.0 

8.1 

/9.2 

11.7 

8.3 

9.2 

11.4 

8.8 

9.3 

10.6 

9.2 

9.3 

9.6 

9.7 

9.6 

9.4 

11.0 

10.6 

9.2 

11.0 

11.2 

9.5 

10.4 

11.4 

9.8 

9.7 

12.4 

9.9 

9.3 

••■••*• 

9.9 

Tune. 

July. 

Aug. 

Sept. 

Oct. 
7.9 

.Nov. 
6.2 

Dec." 

1 
1 

10.0 

7.5 

6.0 

6.0 

64 

10.0 

7.6 

5.7 

5.8 

8.1 

6.2 

64 

10.0 

7.8 

5.4 

6.0 

7.6 

6.0 

6.2 

10.0 

7.8 

6.2 

5.8 

7.2 

6.4 

6.2 

10.0 

7.2 

6.4 

6.2 

7.0 

6.6 

6.8 

9.4 

7.0 

6.4 

6.8 

6.8 

6.4 

5.6 

9.7 

6.9 

5.6 

6.6 

6.8 

6.5 

6.5 

10.3 

6.9 

6.0 

6.7 

6.8 

6.4 

5.4 

9.6 

6.8 

6.9 

6.5 

6.9 

6.0 

&.< 

8.8 

7.6 

6.2 

6.3 

6.8 

6.2 

62 

8.2 

7.3 

5.4 

5.0 

6.6 

6.4 

68 

8.1 

6.8 

6.7 

6.0 

6.1 

6.2 

62 

7.9 

7.0 

5.8 

6.6 

6.8 

6.6 

62 

7.6 

7.2 

6.9 

6.2 

7.6 

7.0 

/62 

7.6 

7.2 

6.1 

7.9 

7.0 

7.4 

6.1 

7.5 

7.0 

6.0 

10.8 

7.1 

7.4 

6.2 

7.4 

7.4 

6.8 

9.4 

7.0 

6.6 

»6i 

7.2 

7.2 

6.2 

8.2 

6.6 

7.0 

6.2 

7.4 

6.3 

6.2 

7.5 

6.4 

6.4 

6.1 

7.2 

6.3 

5.7 

6.9 

6.1 

6.4 

i6.1 

7.2 

6.3 

8.1 

6.7 

6.4 

6.4 

6.1 

7.2 

6.0 

8.6 

6.6 

8.0 

6.4 

k6.S 

7.2 

6.9 

8.0 

6.6 

9.3 

6.7 

6.2 

7.2 

6.6 

7.5 

6.4 

8.5 

6.8 

61 

7.2 

6.6 

7.0 

7.2 

7.6 

7.3 

61 

7.3 

6.2 

6.2 

8.0 

7.2 

7.4 

6.0 

7.2 

6.2 

5.2 

7.8 

7.2 

7.0 

6.0 

7.0 

6.0 

5.8 

7.0 

7.0 

6.6 

62 

6.8 

5.8 

5.8 

7.0 

6.8 

6.2 

64 

6.8 

5.7 

6.2 

7.1 

6.8 

6.3 

62 

6.0 

6.2 

6.5 



•163 

n  Ice  January  1  to  March  21  and  December  9-31. 
No  estimate. 

6  Ice  1.36  feet  thick. 

^Ice  1.25  feel  thick. 

<*  Ice  0.65  foot  thick. 

<Ice  1  5  feet  thick. 

/Gage  reading  tosurface  of  ice=»6.3:  Ice  0.7  foot 
thick. 

ffGage  reading  in  toRurface  of  ice;  ice  0.8  foot 
thick. 

Note.— Unless  otherwise  noted,  gage  heigh tfl  duriiig  frozen  seus«on  are  to  surface  of  water  in  hole 
cut  in  ice. 


h  Ice  1.65  feet  thick. 

i  Ice  0.8  foot  thick. 

J  River  clear  of  ice. 

icGBige  reading  is  to  surface  of  ice;  ioe  1.0  foot 
thick. 

Uce  1.4  feet  thick. 

mGage  reading  is  to  surface  of  ioe:  ice  1.1  feet 
thick. 


BA  BROW 
AND   HOYT 


8     1 
T.J 


MACHIAB    KIVER    DRAINAGE    BASIN. 
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Rating  table  fur  Machias  River  near  WhitneyvUley  Me.,  from  October  77,  190Sy  to  Ikcem- 

fter  SI,  1904. 


height. 

Discharge.  • 
Second-feel, 

he^t 
Feet. 

Discharge. 

Gage 
1    height. 

1 

Discharge. 

Gage 
hei^L 

Discharge. 

Feet. 

Second-feet, 

Feet, 

,  Second-feet,  , 

/M 

■ 
Second-feet. 

6.6 

258 

7.4 

500 

1       8.4 

1,000 

10.0 

2,130 

6.7 

283 

7.5 

542 

8.6 

1,120 

,     10.5 

2,545 

6.8 

309 

7.6 

687 

'       8.8 

'       1,250 

11.0 

2,980 

6.9 

336 

7.7 

634 

9.0 

1,380 

1         ' 

11.5 

3,430 

7.0 

365     ' 

7.8 

682 

9.2 

1,520 

12.0 

3,900 

7.1 

395 

7.9 

730 

9.4 

1,660 

1                                         1 

12.5 

4,375 

,       7.2 

427 

8.0 

780 

9.6 

1       1,810 

1     13.0 

4,860 

7.3 

462 

8.2 

890 

9.8 

> 

1,970 

1 

The  above  table  is  applicable  odIv  for  open-channel  I'onclitions.  It  Ih  baaed  upon 
11  discharge  meaaurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  7.5  feet  and  12.5  feet.  The  table  has  been  extended  beyond  these 
limits,  and  is  very  uncertain  below  7  feet. 

EgtimaUd  monthJy  discharge  of  Mnchias  River  near  WhitneyviUe,  Me.,  for  J  90S  and  1904' 

[Drainage  area,  466  square  miles.] 


Discharge  in  second-feet. 


Riin-ofT. 


Month. 


1903. 

October  18-31 

November 

December 

1904. 

March  22-31 

April 

May 

June 

July 

August 

September 

October 

November 

December  1-8 


Maximum. 


Minimum,  i     Mean. 


Second-feet 

per  square 

mile. 


1,060 

258 

1,185 

336 

1,217 

445 

2,980 

5,860 

7,570 

2,375 

682 

1,120 

2,800 

1,590 

500 

213 


8;^ 

1,520 

730 

309 

104 

54 

41 

159 

144 

71 


562 
652 
703 

1,834 

2,681 

2,979 

989 

334 

216 

438 

'448 

265 

142 


Depth  in 
inches. 


1.21 
1.40 
1.51 

3.94 
5.77 
6.41 
2.13 
.718 
.465 
.942 
.963 
.570 
.305 


.630 
1.56 
1.74 

1.47 
6.44 
7.39 
2.38 
.828 
.536 
1.05 
1.11 
.636 
.OJU 
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PENOBSCOT  KIVBR  DRAINAGE  BASIN. 

This  basin,  whicli  has  a  total  area  of  about  8,500  square  miles,  lies 
wholly  in  Maine.  It  extends  from  the  Atlantic  Ocean  on  the  south  to 
the  basin  of  the  8t.  John  on  the  north,  a  distance  of  160  miles;  and 
from  the  New  Brunswick  boundary  on  the  east  to  the  Quebec  boundarj- 
on  the  west,  a  distance  of  115  miles.  .The  general  elevation  of  the 
basin  is  lower  than  that  of  the  drainage  basins  to  the  west.  The  head- 
waters of  the  main  river  lie  in  the  mountainous  region  on  the  boundary 
of  Quebec  at  an  elevation  of  nearly  2,000  feet.  The  slope^j  of  the 
upper  tributaries  are  generally  steep.  Chesuncook  Lake  lies  near  the 
center  of  the  basin  at  an  elevation,  of  930  feet.  From  this  point  to 
tidewater,  the  distance  along  the  river  is  about  121  miles,  indicating 
an  average  slope  of  7.7  feet  to  the  mile.  This  is  concentrated  at  inter- 
vals by  ledges  where  water  power  has  been  or  may  be  developed.  The 
water  from  some  8(X)  square  miles  of  the  basin  is  discharged  into  the 
main  river  below  its  lowest  available  water  power  at  Bangor. 

Taken  as  a  whole,  the  basin  is  rather  uniform  in  its  topographic 
features.  Hills  and  low  mountains  stretch  from  near  the  sea  to  above 
Bangor;  farther  north  is  an  undulating  plain,  while  to  the  west  the 
surface  becomes  more  broken  and  is  greatly  diversified  by  hills, 
detached  peaks,  lakes,  ponds,  and  swamps.  At  the  south  the  basin 
merges  into  that  of  the  Kennebec,  and  at  the  north  into  that  of  the 
Alleguash,  terminating  on  the  northwest,  at  the  boundaries  of  the 
State,  in  a  region  of  highland  intermingled  with  swamps  and  lagoons. 
The  whole  northern  basi;i  of  the  main  river  and  its  tributaries  is  in 
forest.  Original  growth  covers  a  large  portion  of  this  area,  and  in 
general,  wherever  cuttings  have  been  made,  a  dense  second  growth 
has  sprung  up.  Extensive  areas  in  the  southern  basin  have  been 
cleared  and  converted  into  farms.  Probably  70  to  80  per  cent  of  the 
whole  basin  above  Bangor  is  in  forest.  Throughout  the  upper  portion 
of  the  basin  slate  is  the  principal  outcropping  rock,  being  succeeded 
to  the  east  and  south  by  schists,  gneiss,  and  gmnite.  The  soil  is  mainly 
clay,  gravel,  and  loam. 

The.drainage  area  of  the  river  and  its  chief  tributaries  are  given  in 
the  following  table. 
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Drainage  areas  of  Penobscot  River  and  principal  tributaries.  <* 


RiTer. 


Penobscot 


Do 
Do 
Do 
Do 


Do 


Do 


Do 

Do 

Do 

Do 

Caaquomogomoc 

East  Branch  of  Penobscot 

Do 

Mattawamkeag 

Do 

Piscataqois 

Do 

Do 

Paasatiumkeag 

Cold  Stream 

Do 

Phillips  Lake  outlets: 

Northern    outlet  at 
junction  with. 

Northern  outlet 

Phillips  Lake  area 


Locality. 


Opposite  northwest  extremity  of  Moosehead 
Lake,  township  of  Seboomook,  immedi- 
ately below  mouth  of  Nulhedus  Creek. 

Entrance  into  Chesuncook  Lake 

Outlet  of  Chesuncook  Lake 

Millinocket,  outlet  of  Twin  Lakes 


Immediately  below  mouth  of  East  Branch  of 
Penobscot. « 

Immediately    below  muuth  of    Mattawam- 
keag. << 

West  Enfield,  immediately  lielow  mouth  of 
Piscataquis.  <> 

Sunk  Haze  Rips'' 

Old  Town,  above  mouth  of  Pushaw  River  «  .. 

Bangor,  above  mouth  of  Kenduskeag  Rivera. 

Mouth  « 

Entrance  into  Chesuncook  Lake 

Grindstone  « 

Mouth  « 

Immediately  below  outlet  of  Baskahegan  Lake. 

Mouth 

Low's  bridge 

Dover 

Mouth , 

do 

do 

Enfield  post-oflice 

Phillii>s  Lake 

East  Iloldeu 


Drainage 
arsa. 


Square  milet. 
510 


850 
1,450 
1,880 
3,260 

4,940 

6,030 

7,260 
7,340 
7,720 
8,550 

230 
1,130 
1,160 

190 
1,510 

280 

330 
1,500 

400 
37 
26 

11.5 

.   12.3 
1.4 


a  Includes  Chamberlain  Lake  ba^dn  (270 square  miles).    See  deacriptiou  of  St  John  River  drainage 
basin. 


36  STREAM   MEASUREMENTS   IN    1904,   PART   I.  [no.  124. 

The  United  States  Geological  Survey  now  maintains  gaging  stations 
at  the  following  places  in  the  Penobscot  basin:  On  the  Penobscot  at 
West  Enfield;  East  Branch  of  the  l^enobscot  at  Grindstone;  Matta- 
wamkeag  at  Mattawamkeag;  Piscataquis  near  Foxcroft;  Cold  Stream 
at  Enfield;  Phillips  Lake  and  its  outlets  in  Holden  and  Dedham. 

The  discharge  of  the  Penobscot  is  also  obtained  at  Millinocket  from 
data  furnished  by  private  parties. 

PENOBSCOT   RIVER   AT   MILLINOCKET,  ME. 

« 

The  discharge  of  Penobscot  River  at  Millinocket  hp«  been  com- 
puted and  the  data  furnished  by  H.  S.  Ferguson,  engineer  for  the 
Great  Northern  Paper  Company.  These  results  were  obtained  by 
considering  the  flow  through  the  wheels,  the  flow  over  the  dam,  and 
such  quantities  of  water  as  are  used  from  time  to  time  by  the  \o^ 
sluicej  filters,  etc.  The  wheels  were  rated  at  Holyoke,  Mass.,  before 
being  placed  in  position.  As  the  head  under  which  they  work,  aver- 
aging about  110  feet,  is  nmch  greater  than  the  head  under  which  they 
were  tested,  numerous  tube  float  measurements  of  flow  in  the  canal 
leading  to  the  mill  have  been  made  by  Mr.  Ferguson,  in  order  to 
determine  just  how  much  water  the  mill  used  under  different  condi- 
tions of  gate  openings.  In  addition  to  this,  during  1904:  a  series  of 
current-meter  measurements  were  made  by  the  United  States  Geologi- 
cal Survey  to  check  results  as  obtained  b}'^  the  floats,  and  to  enable  a 
suitable  coefficient  to  be  obtained  for  use  with  the  float  measurements. 
It  is  believed  by  means  of  these  various  checks  upon  the  measurements 
that  a  very  good  estimate  has  been  made  for  the  flow  through  the 
wheels.  The  dam,  known  as  Quakish  Lake  dam,  is  of  concrete,  rest- 
ing on  rock,  and  does  not  leak.  The  flow  over  it  was  computed  by 
use  of  the  formula,  Q=6'  J  H|,  in  which  c  is  a  variable  coefficient 
obtained  (1)  from  the  results  of  weir  measurements  made  by  Mr.  Fer- 
guson on  10-foot  portion  of  the  dam,  and  (2)  from  a  study  of  the 
results  of  experiments  made  by  George  W.  Rafter  at  the  Cornell 
testing  flume. 

When  the  flow  of  the  river  is  less  than  2,500  second-feet  all  of  the 
water  is  generally  used  through  the  mill;  at  higher  stages  the  exc'css  is 
wasted  over  tlie  dam.  The  flow  over  the  flash  boards,  which  are  used 
whenever  possil)le,  is  computed  by  use  of  the  formula  Q=3.33  h  H|. 
The  area  of  the  drainage  basin  at  Millinockett  is  1,880  square  miles. 
Several  dams,  which  have  been  constructed  at  points  in  the  basin  above 
this  point,  store  water  on  a  surface  of  practically  80  square  miles. 
This  water  is  used  for  log  driving  and  for  manufacturing  purposes. 
Quakish  Lake  dam  is  at  elevation  450.3  feet  above  mean  sea  level,  as 
determined  by  the  Penobscot  River  survey  of  1904. 
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3/(rtm  (laUy  dixc/iarge^  in  »ecoml-feet^  of  Peuofnicat  Hither  at  MUlinochet^  Me. ,  fur  1904. 


Day. 


1. 
2. 
3. 
4. 
5. 
6. 

#« 

i . 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
W. 
29. 
3U. 
31. 


Jan. 

Feb. 
418 

Mar. 
403 

Apr. 
315 

May. 
(«) 

June. 
4,705 

July. 
4,088 

Auk. 

237 

2,866 

141 

360 

407 

284 

2,266 

4,566 

4,894 

4,977 

IM 

410 

416 

560 

2,2»1 

4,247 

4,490 

4,988 

417 

401 

389 

338 

2,150 

4,151 

4,520 

4,982 

405 

409 

414 

221 

2,297 

4,844 

4.247 

4,958 

.   421 

408 

100 

582 

2,332 

4,746 

4,309 

2,424 

436 

200 

368 

1,013 

2,326 

5,345 

4,830 

2,077 

392 

436 

404 

681 

2,116 

4,900 

2,448 

2,308 

396 

415 

392 

702 

(«) 

4,358 

4,535 

4,913 

385 

448 

897 

436 

2.235 

4,353 

2,081 

4,936 

1   430 

423 

391 

639 

2.30(i 

4,209 

3,386 

4,936 

;   893 

438 

492 

1,019 

2,332 

4,197 

3,076 

4,939 

'   345 

430 

467 

995 

2,315 

4,730 

3.068 

4,924 

244 

198 

737 

1,087 

2,884 

3,818 

2.219 

4,659 

862 

411 

?24 

973 

5,100 

3,198 

2,010 

4,789 

438 

4:^3 

828 

859 

5,010 

2,433 

2,007 

4,987 

1   216 

434 

799 

1,095 

10,255 

2,415 

3,093  1  4,969 

.   376 

431 

4:1 

i,av> 

11,314 

2,417 

2,081 

4,921 

332 

433 

793 

1.094 

11.682 

2,277 

2,392 

2,847 

205 

403 

4X8 

1, 112  ^ 

11,678 

2,418 

2,906 

2,014 

428 

188 

788 

1,108 

10,671 

2,434 

4.097 

2,027 

414 

200 

814 

1,473 

7,W3 

2.4M 

2,420 

2,178 

297 

200 

462 

1.457 

7.324 

2.433 

2,037 

2,008 

149 

275 

470 

1,072 

9,276 

2,424 

3,658 

2,378 

4o0 

4* 

453 

1.473 

S,645 

3,125 

2,006 

2,017 

416 

416 

81. S 

1,463 

5,266 

5,028 

2,019 

2,002 

431 

404 

615 

1.469 

4,737 

4, 757 

3,663 

2,000 

214 

189 

823 

1,807 

3,710 

4, 171 

(") 

2,312 

238 

368 

408 

1,802 

3,831 

3,106 

(«) 

2,022 

249 

444 

l,8tf> 

5.142 

2,488 

3,703 

2,035 

150 

420 

5.448 

2,005 

2,119 

Sept. 


Oet. 


2,027  '  3,005 


2,389 
2,020 
2.653 
2,420 
2,014 
2,018 
2,026 
1,996 
2,024 
2,890 
2,331 
2,041 
2,400 
2,019 
2,023 

(«) 
2, 162 
2,339 
2,025 
2, 018 
2,327 

(«) 

(«) 
2, 212 
2,005 
2,002 
2,023 
2,003 
2,010 


(«) 
2,186 

(«) 
2,298 

2.026 
2,313 
2,863 
2,350 
2,437 
2,077 
2,062 
2,341 
2,048 
2,005 
2,311 
2,015 
2,026 
2,4-23 
2,042 
2,059 
2,019 
2,015 
2,310 
2,403 
2,  {i^^ 
2,067 
2. 077 
2,027 

(«) 


Nov. 

2,256 

!  2,261 

2,251 

2,326 

2,336 

2,298 

2,271 

2,347 

2,367 

2,331 

2,818 

2.355 

2,394 

2,310 

(«) 

(«) 

(") 

(") 

(") 

(«) 

2,293 

2,291 

2,289 

2,255 

(«) 

(") 
2, 555 
2,302 
2,008 
2,010 


Dec. 

(") 
2,261 
2.292 
2,201 
2,285 
2,250 
2,002 
2,359 
2,366 

(«) 

(«) 

^,«) 

(«) 

(°) 
2,200 
2,000 
2,250 
2.005 
2.010 

(«) 
{») 
{») 
I") 
2,003 
2,000 
2,549 
2,008 
2,012 

(«) 
2,287 
2,002 


a  Owing  to  incompletenesK  of  records  discharge  can  not  be  computed. 
PENOBSCOT   RIVER  AT   WEST  ENFIELD,  ME. 

This  station  was  established  by  N.  C.  Grover  on  November  5,  1901, 
and  in  previous  reports  has  been  designated  as  being  at  Montague,  Me. 
In  1904  the  name  of  this  village  was  changed  to  West  Enfield.  It  is 
located  at  the  steel  highway  bridge,  about  1,000  feet  below  the  mouth 
of  Piscataquis  River.  The  drainage  area  at  this  point  is  6,630  square 
miles,  including  the  area  of  the  drainage  basin  of  Chamberlain  Lake 
(270  square  miles),  which  flows  into  the  Penobscot  part  of  the  year 
only."  The  measurements  are  made  from  the  bridge.  A  standard 
chain  gage  is  fastened  to  the  steel  webbing  on  the  upstream  side  of  the 
bridge;  length  of  chain,  84.49  feet.  It  is  referred  to  bench  marks  as 
follows:  (1)  The  top  of  the  northwest  corner  of  first  course  below 
bridge  seat,  easterly  abutment;  elevation,  25.78  feet.  (2)  Copper  bolt 
in  outcropping  ledge  under  bridge,  near  east  abutment;  elevation, 
6.71  feet.     (3)  Marked  point  on  bottom  chord  of  bridge,  under  gage; 


o  See  description  of  St.  John  River  drainage  basin. 
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elevation,  29.52  feet.  All  elevations  are  al)ove  gage  datum  and  gage 
datum  is  at  an  elevation  of  125. 3H  feet  above  mean  Hea  level,  as  deter- 
mined  by  the  Penobscot  River  survey  of  1904.  The  initial  point  for 
soundings  is  on  the  easterly  abutment,  at  the  extreme  end  of  the  inclined 
end  post  on  downstream  side  of  bridge.  The  channel  is  straight  for 
1,000  feet  above  and  3,000  feet  below  the  station,  is  about  870  feet 
wide,  and  is  broken  by  four  piers.  The  banks  are  high  and  rocky, 
and  the  bed  permanent  and  rocky,  with  some  gmvel.  The  observed 
mean  velocity  has  varied  from  5.05  feet  per  second  at  gage  height 
12.90  to  1.08  feet  per  second  at  gage  height  1.54..  Water  power  is  used 
on  both  the  Penobscot  and  Piscataquis  rivers  within  a  mile  above  the 
station.  Fluctuations  at  the  gage  of  0.2  or  0.3  of  a  foot  during*  low 
water  are  caused  by  changes  in  gate  openings  at  the  mills  above.  The 
gage  is  read  twice  daily  by  A.  H.  Hanson,  a  merchant  in  West  Enfield. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  vieagurements  of  Penobscot  River  at  West  Enfield^  Me.j  in  1901-1904. 


Date 


1901. 
November  5  . 

1902. 
March  28 

Aprils 

July  15 

August  28 

September  15 

October  11... 


Hydrographer. 


F.  E.  Presaey 

F.  E.  Preesev 

do 

N.  C.  Grover 
F.  E.  Pressey 
do 


1903. 

May  14 

May  25.... 

June  11 

August  7  . 
October  15. 
October  23. 


1904. 
April  26  . . . 
May  18.... 
May  27.... 

June  14 

October  17. 


October  20. 
October  25. 
October  31 . 


R.  M.  Connor. 

F.  Collins 

E.  C.  Murphy 
N.  C.  Grover  . 

F.  E.  Pressey . 
N.  C.  Grover  . 
F.  E.  Pressey . 


N.  C.  Grover 

F.  E.  Pressey 

do 

N.  C.  Grover 

University     of     Maine 
students. « 

do 

do 

do , 


Area  of 
section. 


Squarc/eet. 
2,200 

11,380 
9,520 
4,650 
3,590 
3, 680 
3,640 

6,140 
3,960 
3,140 
3,  210 
1,920 
1,970 

8,770 
10,900 
7,210 
5,380 
4,000 

3,800 
5,000 
4, 450 


Mean 
velocity. 


Ft.  per  Bee. 
1.38 

5.05 
4.62 
J2.42 


Feel. 

2.00 

12.80 

10.90 

5.10 


2.11 

3.80 

2.11 

3.90 

2.a5 

3.75 

2.86 

6.65 

2.12 

4.10 

1.88 

3.21 

1.91 

3.22 

1.08 

1.54 

1.20 

1.58 

3.67 

9.70 

4.51 

12.06 

3.07 

8.01 

2.49 

5.82 

2.02 

4.23 

1.89 

3.90 

2.16 

5.25 

2.16 

4.73 

Discharge. 

Srcond-fett. 
3,030 

57,400 

43,900 

11,300 

7,580 

7,770 

7,450 

17,600 
8,410 
5,910 
6.140 
2,070 
2,370 

32,200 
49, 200 
22, 1(X) 
13,4a) 
8,100 

7,200 

10,800 

9,600 


a  Under  direction  of  Prof.  H.  S.  Boardman. 
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Mean  daily  gaffe  height,  in  feH^  of  Petwbwot  River  at  Wesi  KnfieUl,  Me,,  }w  1904. 


Day. 

Jan. 

Feb. 

Mar. 

1 

Apr. 

1 

a2.80 

2 

3 

4 

b8.50 

6.15  ' 

5 

6.25  1 

• 

6 , 

6.60  { 

7 

02.70 

6.75  ' 

8 

<i2.eo 

7.60 

9 : 

e8.70 

* "I • 

10 

9.65  ' 

11 

/8.80 

10.75 

12 

11.20 

13 

11.00 

10.40 

9.85 

9.05 

14 

*4.90 

15..  . 

<2.40 

16 

17 

8.80  1 

18 

a8.40 

7.90 

19 

7.80 

20 

7.90  ■ 

21 

fc4.70 

7.80 

*►> 

<2.60 

7.75 

23 

7.90 

8.20 

8.60 

9.85 

10.15 

10.25 

10.35 

11.10 

24 

25 

a3.20 

26 

27 

28 

a6.00 

29 

n2.40 

30 

31 

i 

12.80 

12.00 

11.60 

11.20 

11.15 

10.65 

10.10 

9.10 

8.45 

8.45 

10.10 

11.60 

11.80 

10.90 

10.25 

10.70 

11.85 

11.90 

11.55 

11.80 

12.00 

11.20 

10.60 

10.45 

9.90 

8.80 

8.05 

7.95 

7.60 

7.80 

7.35 


7.20 
6.80 
7.76 
7.15 
6.60 
6.90 
7.20 
7.65 
6.95 
6.60 
6.50 
6.40 
6.20 
6.90 
6.50 
6.05 


4.90 

5.20 

5.85 

5.50 

6.15 

5.00 

4.95 

4.75 

4.55 

4.65 

4.90 

4.75 

4.15 

3.75 

July. 

4.26 
5.16 
6.90 
6.20 
5.75 
6.45 
6.10 
4.70 
4.45 
4.35 
5.00 
4.35 
4.26 
4.60 
4.75 
4.25 
3.85 
4.60 
3.80 
8.90 
4.06 
4.20 
3.50 
3.40 
3.65 
3.35 
3.80 
4.15 
3.45 
3.25 
3.30 


Aug. 


4.06 
8.70 
4.30 
4.70 
4.66 
4.40 
4.16 
4.06 
4.15 
4.10 
4.20 
4.80 
4.20 
4.10 
4.00 
4.10 
?.96 
8.75 
3.60 
3.15 
3.45 
3.85 
3..V> 
3.40 
8.30 
8.15 
2.95 
2.70 
2.80 
2.  HO 
2.75 


Sept. 
2.80 

Oct. 

7.06 

2.70 

6.90 

2.80 

6.30 

2.80 

5.65 

3.66 

6.30 

8.70 

6.06 

3.66 

4.75 

3.85 

4.65 

3.20 

4.55 

8.20 

4.85 

3.10 

4.20 

8.00 

4.15 

3.06 

4.10 

2.75 

4.20 

3.06 

4.20 

4.36 

4.15 

4.80 

4.16 

4.50 

4.10 

4.16 

4.05 

4.25 

4.00 

4.10 

3.90 

4.20 

4.55 

4.10 

5.80 

4.15 

6.G5 

4.75 

5.25 

5.30 

6.05 

5.10 

5.45 

4.65 

5.65 

4.85 

5.46 

5.45 

5.10 

4.70 

Nov.  i  Dec. 


4.66 
4.46 
4.46 
4.80 
4.20 
4.10 
4.16 
4.50 
4.40 
4.80 
4.20 
4.10 
4.06 
4.05 
3.96 
8.70 
8.60 
8.60 
3.60 
3.55 
3.55 
3.90 
3.85 
3.85 
3.80 
8.70 
3.65 
8.40 
3.30 
8.20* 


8.20 
8.16 
8.40 
8.46 
8.60 
3.60 
8.46 
8.70 
8.86 
4.26 
4.25 
4.16 
(9) 


J4.90 


"•4.30 


Note.— During  frozen  season  readings  are  to  mirface  of  water  In  hole  cut  in  ice. 


a  Ice  1.15  feet  thick. 
(»Icel  foot  thick. 
'-Ice  1.6  feet  thick, 
dice  1.26  feet  thick. 


c  Clear  of  ice. 
/Ice  1.1  feet  thick. 
9  Frozen  over. 
Alee  1.5  feet  thick. 


i  Ice  1.35  feet  thick. 
J  Ice  0.65  foot  thick, 
fc  Ice  1.4  feet  thick. 
<  Ice  1.5  feet  thick. 


M  Ice  0.75 
R  Ice  1.66 


foot  thick, 
feet  thick. 
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[NO.  13L 


Rating  table  for  Penobscot  Rwer  at  West  Enfield^  Me, ,  from  January  1  to  December  SIj  1904, 


Gage 
height. 

Dlacharge. 

Gage 
heiglit. 

Dlflcharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Disehargc. 

Feet. 

Second-feet. 

Feet, 

Second-fed. 

Feet. 

Secondrfeet. 

H^. 

Second-feet. 

2.7 

4,420 

4.1 

7,740 

6.0 

13,580     : 

8.8 

26,620 

2.8 

4,620 

4.2 

8,020 

6.2 

14,  270 

9.0 

27,860 

2.9 

4,830 

4.3 

8,310 

6.4 

14,980 

9.2 

29,100 

3.0 

5,050 

4.4 

8,600 

6.6 

15,720 

9.4 

30,360 

3.1 

5,270 

4.5 

8,900 

6.8 

16, 500 

9.6 

31,640 

3.2 

5,500 

4.6 

9,200 

7.0 

17,300 

9.8 

32,960 

3.3 

5,730 

4.7 

9,500 

7.2 

18,140 

10.0 

34,300 

3.4 

5,960 

4.8 

9,800 

7.4 

19, 020 

10.5 

37,760 

3.5 

6,200 

4.9 

10,100 

7.6 

19, 940 

11.0 

41,320 

3.6 

6,440 

5.0 

10,400 

7.8 

20,920 

11.5 

45,000 

3.7 

6,690 

5.2 

11,000 

8.0 

21,980 

12.0 

48,820 

3.8 

6,940 

5.4 

11,620 

8.2 

23,080 

12.5 

52,780 

3.9 

7,200 

5.6 

12,260 

8.4 

24,220 

13.0 

56,920 

4.0 

7,470 

1 

5.8 

12, 910 

8.6 

25,040 

« 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
8  discharge  measurements  made  during  1904.  It  is  well  defined  between  gage  heights 
3.90  feet  and  12.10  feet.  The  table  has  been  extended  beyond  these  limits,  and  is 
uncertain  below  gage  height  3.9  feet.  The  discharge  as  given  by  the  1904  carve  is 
several  per  cent  smaller  than  the  1903  curve,  owing  to  obstructions  in  the  river  below 
the  station. 

Estimated  monthly  discharge  of  Penobscot  River  at  West  Enfieldj  Me.y  for  1904^ 

[Drainage  area,  6,680  square  miles.] a 


Dischaige  In  second-feet. 


Month. 


Maximum. 


April  9-30 '      42,780 


May , 

June 

July 

August 

September 

October 

November 

Deceml)er  1-12. 


51, 180 

20,670 

14, 270 

9,500 

11,780 

17,510 

9, 350 

8, 165 


Minimum. 


Mean. 


Run-off. 


Second-feet 

per  square 

mile. 


20,  670 

30, 110 

18, 580 

36,880 

6,815 

13,200 

5, 615 

8,540 

4,520 

6,889 

4,420 

7,239 

7,200 

10,  240 

5,  500 

7,335 

5,385 

6,615 

4.54 
5.56 
1.99 
1.29 
1.04 
1.09 
1.54 
1.11 
.998 


Depth  in 
inches. 


3.71 
6.41 
2.22 
1.49 
1.20 
1.22 
1.78 
1.24 
.445 


« Includes  ChamlH>r1ain  Uike  drainage.    Set*  description  of  St.  John  River  drainage  btudn. 
PENOBSC^OT   RIVER  (EAST   BRANCH)  AT  GRINDSTONE,  ME. 

This  station  was  established  October  23,  1902,  by  F.  E.  Pressey. 
It  is  located  at  the  Bangor  and  Aroo.stock  Railroad  bridge,  one-half  mile 
south  of  the  railwa}^  station.     The  measurements  are  made  from  the 
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railway  bridge.  The  drainage  area  at  this  point  in  1,130  square  miles, 
including  the  Chamberlain  Lake  basin  (270  square  miles).  The  initial 
point  for  soundings  is  on  the  left  bank,  at  the  lower  end  of  the  inclined 
end  post.  The  gage  is  of  the  standard  chain  type;  length  of  chain, 
31.99  feet.  The  scale  board  is  nailed  to  the  guard  timber  on  the 
upstream  side  of  the  bridge.  It  is  referred  to  the  following-described 
benchmarks:  (1)  Southwest  corner  of  bridge  seat  on  east  abutment; 
elevation,  26.82  feet.  (2)  Copper  bolt  in  ledge  under  north  end  of 
bridge;  elevation,  8.78  feet.  (3)  Marked  point  on  center  stringer,  near 
gage;  elevation,  29.78  feet.  All  elevations  are  above  gage  datum. 
The  channel  both  above  and  below  this  station  is  straight.  The  flow 
is  moderately  rapid  at  medium  and  high  stages  of  the  river.  Observed 
mean  velocities  mnge  from  2.27  feet  per  second  at  gage  height  8.10 
feet,  to  0.18  foot  per  second  at  gage  height  4.32  feet.  Fluctuations  in 
stage  are  usually  slow,  as  no  water  power  is  used  on  the  river  above 
the  station.  Dams  are  maintained  at  the  outlets  of  several  of  the  lakes 
and  ponds  near  the  source  of  the  river,  and  the  impounded  water  is 
used  for  log  driving.  The  bed  is  rocky  and  permanent;  the  stream  is 
confined  to  the  channel  b}'  the  abutments  of  the  bridge  and  has  a  width 
of  about  275  feet,  broken  by  one  pier.  Practically  all  land  areas  in 
this  basin  are  in  forest.  The  gage  is  read  twice  daily  b}'^  Harry 
Stinson. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

IHncharge  meagurements  of  Penobscot  River  (East  Branch)  at  QrindsUme,  Me.\  190^-1904' 


Date. 


Hydrographer. 


Width. 


1902. 

October  23 

F.  E.  Preesey . . 

November  26  . . 

do 

1903. 

April  9 

N.  C.  (irover  . . 

April  14 

do 

April  22 

F.  E.  Pressey . . 

May  23 

C.  N.  McOulloch 

September  9  . . . 

N.  C.  (rrover... 

September  26 . . 

do 

October  28  «  . . . 

F.  E.  Preasev-. 

1904. 

April  29 

N.  C.  Grover. . . 

()ctol)er24 

F.  E.  Preseev.. 

Area  of  Mean 

section.     I    velocity. 


Feet.      '  Square /eH. 
226  1,410 

225  1,490 


Ga^e 
height 


iX.      i>i««harge. 


262 

266 

258 

245 

228  , 

236 

230 

270 
247 


2,170 
2,  270  : 
1,930  ' 
1,830 
1,270 
1,510 
648 

2,  450 
1,740 


Ft.  per  see. 
0.50  I 
.62 

2.15 
2.36 
1.67 
1.41 


.17 
.54 
.73 

3.34 
1.28 


Feet. 
5.15 
5.41 

7.85 
8.10 
7.20 
6.64 
4.32 
5.36 
4.58 

9.13 
6.  32 


Second-feet. 
706 
921 

4,670 

5,350 

3,230 

2, 580 

223 

824 

474 

8,180 
2, 230 


a  Measurement  inado  from  txuit. 
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(NO.  Vll. 


Mean  daily  gage  heigfU^  in  feei^  of  Penoliscot  River  (Kant  Br(inrh)  at  (JrituJuitmet  Me.^ 

for  1904. 


3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 


4.20 


'■S.SO 


Feb. 


Mar. 


Apr. 


ft4.80 


rfS.SO 


^•3.40 


I 


('3.30 


ft  3. 50 


6.50 


9  3.40 


A3. 60 


rf3.80 


b3.50 


i-3.'20 


A.-4.40 


6.50 
6.50 
6.50 
6.50 
6.70 
7.00 
7.20 
7.20 
7.75 
8.30 
9.00 
9.20 
9.20 
9.90 


May. 

10.30 
10.80 
10.25 
9.60 
9.60 
9.40 
8.40 
7.65 
7.80 
7.75 
8.30 
9.a5 
9.50 
8.65 
8.60 
7.30 
8.70 
8.15 
8.40 
8.75 
9.00 
7.65 
7. 95 
7.90 
7.45 
7.20 
7.90 
8.70 
8.90 
8.70 
8.70 


June. 

8.70 
8.60 
8.20 
7.25 
7.85 
8.20 
7.90 
7.90 
8.05 
8.20 
8.20 
8.20 
8.05 
8.05 
6.30 
6.40 
6.50 
6.60 
6. 15 
5.30 
5.50 
5.40 
5.10 
5.10 
5. 10 
5.20 
5.20 
5.20 
5.20 
5.90 


July, 


Auff. 


6.10 
6.30 
6.60 
6.80 
6.80 
6.40 
6.20 
6.20 
j6.20 
6.20 
6.20 
6.20 
6.20 
6.05 
5.65 
5.60 
6.10 
6.40 
6.55 
6.60 
6.80 
6.80 
6.95 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 


7.10 


I 


7.00 
6.80 
6.60 
6.60 
6.70 
6.80 
6.95 
7.00 
7.00 
7.00 
7.00 
6.80 
6.80 
5.40 
5.80 
5.80 
5.56 
5.45 
5. 25 
5.20 
6."50 
5.30 
5.30 
5.40 
5.20 
5.20 
5.20 
4.90 
4.85 
4.70 
4..60 


Sept.  '   Oct.   I  Nov.     Dec. 


4.60 

4.60 

4.70 

5.40 

5.60 

5.40 

5.05 

5.00 

5.00 

4.80 

4.70  j 

4.70  ' 

4.70  , 

4.70  I 

5.10 

6.20  ; 

5.25  ' 

5.60 

5.65 

5.70 

5.55 

5.85 

5.30 

5.30 

5.80 

6.05 

6.10 

6.10 

6.55 

6.90 


7.15 
7.80 
7.80 
6.90 
6.55 
6.30 
6.10 
6.05 
5.90 
5.80 
5.80 
5.85 
5.60 
5.60 
5.60 
5.60 
5.60 
5.50 
5.50 
5.40 
5.40 
6.90 
7. 15 
6.35 
6.30 
6.20 
6.10 
6.00 
6.00 
5.75 
5.60 


5.60 
5.60 
5.60 
5.80 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.20 
5.20 
5.30 
5  30 
5.  CO 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
J5.30 


a4.d0 


/4.10 


''S.OO 


•  8.00 


a5.30 


/3.M) 


o  Ice  0.85  feet  thick. 
b  Ice  1.35  feet  thick, 
c Ice  2.15  feet  thick, 
dice  1.7  feet  thick, 
elce  1.15  feet  thick. 
/Icel  foot  thick. 


9  Ice  2.1  feet  thick. 

h  Ice  2  feet  thick. 

i  Ice  1.4  feet  thick.    Go^e  height  to  top  of  ice— 6.6  feeU 

i  River  frozen  November  26. 

k  Ice  1.85  feet  thick. 

/  Ice  1.6  feet  thick.    Gage  height  to  top  of  ice=4.7  feet 


Note.— During  frozen  seaitou  gage  readings  are  to  surface  of  water  in  hole  cut  in  ice. 
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RaUing  Uihle  of  Pefkobgroi  Hif>fr  {Ecul  Branch)  at  OrindMonr^  Me. ^  from  January  1  to 

December  Sly  1904. 


Gace 
height. 

DiHohaige. 

Gaffe 

height. 

IMflchaiKe- 

Gage 
height. 

DiHChaige. 

1     Gage 
1   height. 

Fret. 

Discharge. 

fM. 

Second'/eft. 

f^. 

Seeondr/eet. 

Feet. 

Seeond'/ett. 

Second-feet. 

3.7 

190 

4.8 

480 

6.2 

1,755 

8.2 

5,580 

3.75 

196 

4.9 

534 

6.3 

1,895 

8.4 

6,090 

3.8 

202 

5.0 

593 

6.4 

2,040 

8.6 

6,630 

3.85 

209 

5.1 

660 

6.6 

2,190 

8.8 

7,190 

3.9 

216 

5.2 

735 

6.6 

2,350 

9.0 

7,770 

3.95 

224 

5.3 

815 

6.7 

2,510 

9.2 

8,350 

4.0 

233 

( 

5.4 

900 

6.8 

2, 675 

9.4 

8,940 

4.1 

252 

5.5 

990 

6.9 

2,845 

9.6 

9,540 

4.2 

273 

5.6 

1,085 

7.0 

3,020 

>      9.8 

10,140 

4.3 

296    1 

5.7 

1,185 

7.2 

3,390 

10.0 

10,750    1 

4.4 

323 

5.8 

1,285 

7.4 

3,790 

10.2 

11, 370 

4.5 

,          356    , 

5.9 

1,395 

7.6 

4,205 

10.4 

11,990 

4.6 

393 

6.0 

i,5a5 

7.8 

4,640 

10.6 

12,610 

4.7 

434 

1 

6.1 

1,625 

8.0 

5,100 

10.8 

13,230    ' 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
II  discharge  measurements  made  during  1902  to  1904,  inclusive.  It  is  well  defined 
bi'tween  gage  heights  4.5  feet  and  8  feet.  Above  gage  height  8  feet  the  curve  is 
srimewhat  uncertain.    The  table  has  l)een  extended  bevond  these  limits. 

E»timaled  monthly  discharge  of  Penobscot  Rirer  ( East  Branch )  at  Grindstone^  Me. ,  for  1904- 

[Drainage  area,  1.130  square  mllea.]  a 


Month. 


April  17-30.... 

May 

June 

July 

August 

September 

October 

November  1-25 


Discharge  In  second-feet. 


Run-off. 


Maximum.     Minimum. 


10,440 
13,230 
6,910 
3,390 
3,020 
2,845 
3,590 
1,085 


2,190 
3,  390 
660 
1,085 
393 
393 
900 
735 


Mean. 


4,738 
6,799 
3,074 
2,349 
1,629 

982 
1,739 

841 


Second-feet 

per  Bouare 

mile. 


4.19 
6.02 
2.72 
2.08 
1.44 

.869 
1.54 

.744 


Depth  in 
inchen. 


2.18 
6.94 
3.03 
2.40 
1.66 

.970 
1.78 

.692 


n  Drainage  area  Includes  Chamborlain  Uike  dminagc  biu<in  of  270  Minare  miloM.    See  di-Mcription  of 
St.  J6hn  River  dmiuoge  batdn. 
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MATTAWAMKEAO   RIVER  AT  MATTAWAMKEAG,    ME. 

This  station  was  established  August  26,  1902,  by  F.  E.  Pressey.  It 
is  located  at  the  Maine  Central  Railroad  bridge  in  the  village  of  Mat- 
tawamkeag.  The  area  of  the  drainage  basin  at  this  point  is  1,510 
square  miles.  The  initial  point  for  soundings  is  on  the  south  abutment 
at  the  lower  end  of  the  inclined  end  post  of  the  downstream  trufw. 
The  gage  is  of  the  standard  chain  type;  length  of  chain^  33.40  feet. 
The  scale  board  is  nailed  to  the  guard  timber  of  the  lower  side  of  the 
bridge.  It  is  referred  to  bench  marks,  as  follows:  (1)  Southwest  cor- 
ner of  bridge  seat  of  north  abutment;  elevation,  26.87  feet.  (2)  Cop- 
per bolt  in  bowlder  north  of  bridge  and  west  of  railroad;  elevation, 
19.01  feet.  (3)  Marked  point  on  stringer  near  gage;  eleyatioQ,  31.42 
feet.  AH  elevations  are  above  gage  datum,  and  gage  datum  is  at  eleva- 
tion 185.93  feet  above  mean  sea  level,  as  determined  by  the  Penobscot 
River  survey  of  1904.  The  channel  both  above  and  below  this  station 
is  straight,  and  has  a  width  of  about  400  feet  at  ordinary  stages,  broken 
by  two  piers.  The  bed  of  the  stream  is  rocky  and  permanent.  The 
water  is  confined  to*  the  channel  by  the  abutments  of  the  bridge.  The 
observed  mean  velocities  at  this  station  have  been  between  4.11  fe(»t 
per  second  at  gage  height  9.15  feet  and  0.90  of  a  foot  per  second  at 
gage  height  2.75  feet.  Low-water  measurements  are  made  by  wading 
at  a  point  about  1  mile  above  the  station,  where  the  velocities  are 
greater  than  at  the  bridge  and  the  bed  is  gravelly.  The  bridge  is* 
slightly  oblique  to  the  thread  of  the  stream. 

Dams  are  maintained  at  the  outlets  of  several  of  the  lakes  and  ponds 
in  this  basin,  and  the  stored  water  is  used  for  driving  logs.  Probal)ly 
90  per  cent  of  the  land  surface  is  in  forest.  The  gage  is  read  twic*e 
daily  by  W.  T.  Mincher. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 
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Diacharffe  measuremenis  of  MaUaivamkeag  River  id  MaMawamkeagy  Me.,  190£-1904, 


Date. 


Hydiocrnipher. 


1902. 
July  31 
August  27 

September  16.,: do 

November  8  .  .1 do 


1903.  \ 

April  4 F.  E.  Preeeey. 

April  25 ' do 

Mav  18 

Mav  25 


do 

C.N.M(«Culloch. 


June  11 '  F.E. 


August  8 

September  11 
October  14... 
October  23«.. 


do 

N.  C.  Grover . 
do 

F.  E.  Preesey. 


1904.  I 

April  15 F.E.Pre8eey. 

April  27 N.  C.  Grover 


Area  of 
section. 


October  20. 


F.  E.  Preesey. 


Square/eet. 

550 

685 

815 

1,160 

2,380 
1,560 
540 
530 
355 
310 
220 
135 
204 

2,690 
2, 510 

727 


Mean 
velocity. 


ft.  per  tec, 
2.13 
2.34 
2.06 
2,63 

4.11 
3.47 
2.33 
2.09 
2.09 
1.80 
1.55 
.90 
1.47 

4.68 
4.55 
2.42 


h?isft. :  ^^^^-' 


1 
Feet. 

4.40 

4.70 

5.00 

5.89 

9.15 

7.15 

4.58 

4.45 

4.02 

3.87 

3.39 

2.75 

3.32 

9.85 

9.50 

5.07 

Second'/eet. 
1,170 
1,600 
1,680 
3,060 

9,  780 

5, 410 

1,260 

1,110 

742 

558 

340 

121 

300 

12,600 

11,400 

1,760 


a  Measurement  made  by  wading. 
Mean  daily  gage  height,  in  feet,  of  Mattawamk^ag  River  at  MaUawamkeag,  Me.,  for  1904' 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

2 

3 

a4.60 

4 

5      

6 

f>b.00 

7      

b4.20 

H , 

r8.20 
7.60 
8.20 
9.00 
9.75 
9.95 

10.05 
9.90 
9.65 

9 

10 

di.iO 

11 

12 

13 

1 

b6.90 

14 

fc4.20 

l.S              

16 ; i 

May. 

June. 

10.70 

6.40 

11.00 

6.80 

11.10 

6.20 

11.00 

6.20 

10.75 

6.25 

10.40 

6.60 

10.10 

6.95 

9.95 

7.05 

9.45 

6.80 

9.40 

6.70 

9.15 

6.60 

9.65 

6.50 

10.85 

6.20 

11.40 

6.10 

11.70 

6.05 

11.65 

6.00 

July. 

4.50 

4.50 

4.76 

4.90 

4.90 

4.90 

4.90 

4.85 

4.70 

4.70 

4.80 

4.20 

4.30  I 

4.80  ' 

4.40 

4.50 


alee  1.2  feet  thick. 


bice  1.7  feet  thick. 


e  River  clear 


Aug. 

8.75 
3.50 
3.65 
3.70 
8.70 
3.70 
8.70 
3.55 
8.40 
3.55 
3.70 
3.80 
3.80 
3.80 
3.75 
3.55 
of  Ice. 


Sept.  I   Oct. 


Nov. 


Dec. 


3.50 

3.40 

3.45 

8.60 

3. 75  I 

4.10  . 

4.40 

4.30 

4.20 

4.05 

4.00 

3.90 

3.90 

3.80 

4.25 

4.55 


6.10 
6.45 
6.60 
6.45 
6.25 
6.05 
5.85 
5.65 
5. 45 
5.30 
5.30 
5.20 
5.10 
5.25 
5.40 
5.40 


d  Ice  1.6 


5.40 

5.30 

5.20 

4.95 

4.85 

5.15 

5.15 

5.10 

5.10 

5.05 

4.90 

4.80 

4.80 

4.75 

4.65 
.  4.40 
feet  thick. 


5.20 
5.10 
5.00 
5.10 
5.20 
5.30 
5.50 
5.80 
5.80 
5.70 
5.70 
.5.70 
5.70 
5.60 
5.50 
5.40 
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STREAM   MEASCTREMENTS    IN   1904,   PART   I. 


[NO.  124. 


Mean  daily  gage  height^  in  feet,  of  Mattawnmheag  River  ai  Matiatpomkeag,  Me.,  for  1904- 

Continued. 


Day. 


17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


Jan. 


Feb. 


a  4. 10 


a4.80 


'14.00 


«4.50 


a4.20 


I 


Mar.     Apr. 


May.  i  June.    July. 


Aug. 


a  6. 80 


^16.80 


9.50 
9.10 
8.90 
8.80 
8.70 
8.70 
8.70 
8.75 
9.05 
9.35 
9.55 
9.75 
9.95 
10.30 


I 


11.30 
10.75 
9.65 
9.85 
9.35 
8.75 
8.60 
8.55 
8.85 
7.80 
7.55 
7.50 
7.20 
6.75 
6.60 


6.00 
6.00 
6.00 
5.85 
5.45 
5.15 
4.95 
4.80 
4.65 
4.45 
4.&') 
4.45 
4.60 
4.60 


4.45 
4.35 
4.10 
4.20 
4.10 
4.06 
4.00 
3.90 
3.85 
3.60 
3.70 
3.80 
3.80 
8.90 
8.90 


8.60 
3.80 
3.90 
3.9(T 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.85 
8.70 
3.70 
8.65 
3.66 


4.90 
5.05 
5.00 
5.10 
5.20 
5.10 
5.20 
5.20 
5.35 
5.65 
5.80 
5.80 
5.70 
6.75 


Nov.  '  Dec 


5.80 
5.20 
5.20 
5.10 
5.00 
5.15 
5.46 
5.50 
5.60 
5.75 
5.90 
5.90 
6.00 
5.86 
5.65 


4.40 
4.56 
4.80 
5.10 
4.80 
4.70 
4.7S 
5.00 
4.95 
6.15 
5.80 
5.20 
5.20 
6.20 


I 


5.30 
5.20 
5.10 
5.00 
.*) 


<-4.30 


a  Ice  1.7  feet  thick.  c  ice  0.4  foot  thick. 

b  River  frozen  over.  d  Ice  1.4  feet  thick. 

Note.— During  frozen  seafion  gnge  readings  are  to  surface  of  water  in  hole  cut  in  Ice. 

Rating  table  of  MaUavximkeag  River  at  Mattawamkejig,  Me.,  from  January  1  to 

December  31,  1904. 


Gage 
■   height. 

1 

Discharge. 
Secoml-fret. 

Gage 
hei^t. 

Discharge. 
Second-fed.  ' 

Gage 
i    height. 

Discharge. 

1 

Gage 
height. 

Feet. 

Discharge. 
Second-fefi. 

Feet. 

1 

fyxt. 

Fset. 

Second'/ert. 

=      2.7 

110 

3.9 

630 

5.4 

2,350 

7.8 

6,800 

2.75 

121 

'      4.0 

710 

5.5 

2,500 

8.0 

7,260 

2.8 

133 

4.1 

790 

5.6 

2,650 

8.2 

7,740 

2.85 

146 

4.2 

880 

5.7 

2, 810     ; 

8.4 

8,235 

2.9 

160 

4.3 

975 

5.8 

2,970 

8.6 

8,740 

2.  95 

175 

4.4 

1,075 

5.9 

3, 135    i 

8.8 

9,260 

'       3.0 

191 

4.5 

1, 175 

6.0 

3,1^5    ' 

9.0 

9,780 

3.1 

226 

4.6 

1,285 

6.2 

3,645 

9.5 

11, 170 

3.2 

262 

4.7 

1,400 

6.4 

3,995     1 

10.0 

12, 570 

1       3. 3 

4300 

4.8 

1,520 

6.6 

4,355    ! 

10.5 

14, 070 

3.4 

340 

4.9 

1,650 

6.8 

4,725 

'     11.0 

15,600 

•       3.5 

;«2 

5.0 

1,790 

7.0 

5,110 

11.6 

17,200 

3.6 

432 

5.1 

1,9:^0 

7.2 

5,510 

' 

3.7 

490 

5.2 

2,070 

7.4 

5,930 

1 

3.8 

556 

5.3 

2,210 

7.6 

6,360 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  uiwn 
16  discharge  nieasurenients  made  during  1902  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  2.7  feet  and  10  feet.  The  table  has  been  -extended  above  gage 
height  10  feet.     Below  gage  height  7.2  feet  the  table  is  the  same  to  the  1903  table. 
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Entunitied  moiUhbj  dMiartje  of  MaUnwamkea/j  River  <U  Mattmmtinkeagj  Me.y  for  1904. 

[DmliiiiKearea.  1,510  nquare  mllea.] 


Dlflc'harKe  In  second-feet. 


Run-off. 


Month. 


April  i^30 13,470 

May 

June 

July 

Au^st 

September 

October 

November 

December  1-20 


zimum. 

Mlninuim. 

Mean. 

Second-feet 

per  ra  uare 

mile. 

Depth  in 
inches. 

13,  470 

fl,;i60 

10,360 

6.8<i 

■ 
5.87 

17,840 

4,  175 

11,590 

7.68 

8.85 

5,210 

1,025 

3, 088 

2.04 

2.28 

1,650 

432 

1,014 

.672 

.775 

710 

340 

534 

.354 

.408 

2,970 

340 

1,440 

.a54 

1.06 

4,355 

1,790 

2,  725 

1.80 

2.08 

2,:^60 

1,075 

1,743 

1.15 

1.28 

2,970 

1,790 

2,359 

1.56 

1.16 

PI8(MTAgUI8    RIVER    NEAR   FOXCROFT,  ME. 

This  station  waw  established  August  17,  1902,  by  F.  E.  Pressey.  It 
is  located  at  Low's  bridge,  about  halfway  between  Guilford  and  Fox- 
croft.  The  area  of  the  drainage  basin  at  this  point  is  280  square  miles. 
The  initial  point  for  soundings  is  on  the  left  bank  at  the  top  of  the 
face  of  the  left  abutment.  The  gage  is  a  painted  staff  spiked  to  the  left 
abutment.  It  is  referred  to  bench  marks  as  follows:  (1)  Top  of  second 
course  from  top  of  left  abutment;  elevation,  17.80  feet.  (2)  Copper 
bolt  in  ledge,  150  feet  north  of  highway'  and  75  feet  west  of  river; 
elevation,  20.97  feet.  (3)  Marked  point  on  bottom  chord  of  upstream 
truss  of  bridge,  30  feet  from  initial  point;  elevation,  21.80  feet.  All 
elevations  are  above  gage  datum.  The  channel  Iwth  above  and  below 
the  station  is  straight  and  has  a  width  of  about  90  feet  at  ordinary 
stages.  The  banks  are  high  and  rocky;  the  bed  is  rough  and  rocky, 
but  permanent. 

Observed  mean  velocities  at  the  station  have  been  between  8.63  feet 
per  second  at  gage  height  4.30  feet  and  0.54  of  a  foot  at  gage  height 
2  feet.  Low-water  measurements  are  made  by  wading,  either  above 
or  below  the  bridge,  at  points  where  the  bed  is  fine  gravel,  and  the 
velocity  is  greater  than  at  the  bridge.  Water  power  is  used  at  several 
manufacturing  plants  within  a  few  miles  above  the  station.  As  a 
result  of  the  interruptions,  due  to  the  irregular  use  of  water  at  the 
mills,  the  river  fluctuates,  at  low  stages,  through  nearly  a  foot  on  the 
gage  within  the  day.  The  small  amount  of  stored  water  in  this  basin 
is  generally  used  for  log  driving.  Slopes  are  steep.  The  river  rises 
and  falls  rapidly.  Probably  50  per  cent  of  the  basin  is  in  forest. 
The  gage  is  read  twice  daily  by  A.  F.  D.  Harlow. 
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STREAM   MEA8UBEMENT8    IN   1904,   PART   I. 


[NO.  121. 


The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  meojfuremeiUs  of  Piscataquis  River  near  Foxcroftf  Me.,  1902-1904* 


Date. 


1902. 
August  13. 
August  16. 


Hydrographer. 


F.  E.  Pressey 
do 


September  10 do 


October  18. 


1903. 

April  6 

May  14 

May  14 

June  12 

June  12 

June  12 

September  16 
October  3  «... 
October  31 «. . 
October  31 «.. 
October  31  a.. 


do 


November  24  « 

1904. 

April  22 

May  13 

May  13 

June  2 


F.  E.  Pressey . 

E.  G.  Hartfonl 
do 

F.  E.  Pressey  . 

do 

do 

N.  C.  Grover. . 

do 

F.  E.  Pressey . 

do 

do 


do 


F.  E.  Pressey 

do 

do 

N.  C.  Grover. 


Area  of 
section. 


Sq./eet. 
317 
199 
189 
112 

409 

210 

210 

156 

164 

156 

136 

11 

22 

118 

79 

139 

355 
610 
620 
208 


Mean 
velocity. 

Oage 
height.   , 

Ft.  per  tec. 

ffseL 

3.15 

3.70 

1.67 

2.80 

1.52 

2.75 

.54 

2.00 

3.63 

4.30 

1.76 

2.80 

1.76 

2.79 

1.03 

2.48 

1.27 

2.64 

1.08 

2.47 

.82 

2.19 

2.00 

1.52 

1.41 

1.78 

.67 

1.94 

.47 

1.78 

1.30 

2.50 

3.35 

4.00 

6.31 

5.92 

6.31 

5.98 

1.99 

2.90 

Seeond-feeL 
1,000 
332 

288 
61 

1,490 
370 

;^ 

160 

208 

169 

112 

22 

31 

79 

37 

181 

1,190 

3,HoO 

3,910 

415 


»  Measurements  by  wading. 
Mean  daily  gage  hrighij  in  feet y  of  Piscatwjuis  Rivir  near  Fbxcroflj  Me,  j  for  1904- 


Day. 

Jan. 

3.0 
3.0 
3.0 
8.1 
3.0 
3.2 
3.2 
3.0 
2.9 
2.5 
3.2 
3.2 

Feb. 

3.8 
3.4 
3.0 
2.9 

2.8 
2.8 
2.2 
2.8 
2.8 
2.8 
2.8 
2.6 

Mar. 

Apr. 

1.7 
4.6 
4.5 
4.3 
4.2 
6.0 
6.0 
5.5 
5.8 
7.0 
10.2 
8.6 

May. 

June. 

July. 

3.2 
3.4 
8.7 
3.7 
3.6 
3.2 
3.2 
3.0 
3.0 
2.9 
2.9 
2.9 

Aug. 

2.3 
2.4 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2,2 
2.2 
2.4 
2.4 

Sept. 

Oct. 

4.0 
4.0 
3.6 
3.5 
3.2 
8.2 
3.0 
3.0 
2.4 
2.2 
2.6 
2.6 

Nov. 

8.2 
3.2 
3.0 
3.0 
3.0 
2,8 
8.0 
3.0 
3.0 
3.0 
3.0 
8.0 

Dec. 

1 .'. 

3.0 
3.0 
3.0 
3.1 
3.3 
3.6 
3.6 
8.8 
4.4 
4.9 
6.2 
6.0 

7.0 
6.6 
5.2 
6.5 
4.9 
4.8 
4.6 
3.8 
4.0 
6.4 
6.9 
8.2 

2.4 
2.3 
2.3 
2.3 
2.7 
3.4 
4.2 
3.6 
3.3 
3.2 
2.6 
2.0 

2.0 
2.0 
2,0 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.2 
3.6 
8.3 

2.4 

2 

2.S 

3 

2,8 

4 

2.6 

h 

2.K 

6 

2.7 

/. 

2.6 

H 

2  6 

9 

2.6 

10 

2.6 

11 

2.7 

12 

2.6 
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Mean  daily  gage  height,  in  feet,  of  PuooUaguia  River  near  fhxcroft.  Me.,  for  1904 — Con. 


Day, 


13. 


14. 


1.' 


16 

17. 

IK. 

13. 

20. 

21. 
■» 

23. 
24. 

2r>. 

26. 

•»7 


29. 
30. 

•il. 


Jan. 

1 

Feb. 

3.2 

2.5 

3.4 

2.6 

3.4 

2.8 

3.5 

2.8 

3.5 

2.8 

8.7 

2.8 

8.9 

2.7 

3.4 

2.4 

3.2 

2.0 

3.2 

2.4 

8.3 

2.8  1 

3.2 

3.0 

1      *•' 

8.2 

!      3.2 

8.0 

1 

3.4 

3.0 

3.2 

8.0 

Z9 

2.9' 

3.0 

3.0 


4.6 
4.6 

4.5 
4.4 
4.2 
4.2 
8.9 
3.8 
3.8 
3.8 
3.6 
4.3 
4.4 
4.6 
5.1 
5.2 
5.0 
4.8 
4.6 


Apr. 

May. 

6.2 

6.2 

4.6 

6.4 

4.2 

4.4 

4.0 

5.8 

8.8 
3.6 
3.8 
4.0 
4.1 
4.0 
4.0 
4.8 
5.2 
5.4 
5.4 
5.4 
6.0 
6.7 


6.6 
5.6 
4.8 
5.0 
4.4 
4.2 
4.8 
4.0 
3.7 
3.0 
8.6 
3.5 
3.3 
3.4 
8.4 


June. 

July. 

Aug. 

2.0 

8.0 

2.4 

2.3 

3.2 

2.4 

2.3 

8.2 

2.7 

2.5 

8.0 

2.6 

2.7 

2.8 

2.6 

2.7 

2.8 

2.6 

2.7 

2.7 

2.6 

2.7 

2.7 

2.6 

2.7 

2.7 

2.9 

2.6 

2.6 

3.0 

2.6 

2.5 

2.9 

2.6 

2.4 

2.7 

2.6 

2,3 

2.6 

2.6 

2.3 

2.6 

3.1 

2.3 

2.8 

3.0 

2.4 

2.2 

2.7 

2.8 

2.4 

2.6 

2.3 

2.2 

2.8 

2.1 

Sept. 


2.2 
2.3 
2.8 
3.5 
8.0 
2.8 
8.0 
3.0 
2.8 
2  8 
2.8 
2.7 
2.6 
2.6 
2.7 
2.7 
2.8 
4.0 


Oct, 

Nov. 

Dec. 

2.6 

2.6 

2.7 

2.6 

8.0 

2.5 

2,7 

3.1 

2.4 

2.6 

8.6 

2.4 

2.6 

3.2 

2.4 

2.6 

3.0 

2.1 

2.6 

2.8 

2.8 

2.6 

2.6 

8.0 

8.0 

2.8 

2.8 

4.5 

2.9 

2.8 

3.9 

8.0 

2.8 

3.5 

2.8 

2.8 

8.2 

2.9 

2.6 

8.4 

2.8 

2.8 

4.0 

2.5 

2.8 

8.8 

2.6 

3.2 

3.5 

2.6 

8.0 

8.4 

2.4 

2.8 

8.2 

2.8 

Rating  table  of  Piscataquis  River  near  Foxcroft,  Me,,  from,  January  1  to  December  SI,  1904. 


height 


i^t      I>*«h«»e.  I 


Feet. 
2.0 

2.a^ 

2.1 

2.15 

2.2 

2.25 

2.3 

2.a5 

2.4 

2.46 

2.5 

2.55 

2.6 

2.65 


Second-feet. 

64 

72 

81 

90 

100 

111 

123 

135 

148 

163 

180 

199 

220 

243 


Feet. 
2.7 
2.75 
2.8 
2.85 
2.9 
2.95 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 


Discharge. 

i 

Gage 
height. 

Feet. 

Dtucharge.  ' 

1 

1 

Oage 
height. 

1 
Discharge. 

Second-feet. 

Second-feet. 

Feet. 

Secondrfeet. 

267 

3.8 

1,023 

5.2 

2,635 

292 

3.9 

1,113 

5.3 

2,786 

318 

4.0 

1,208 

5.4 

2,940 

345 

4.1 

1,303 

5.5 

3,100 

374 

4.2 

1,403 

5.6 

3.265 

405 

'      4.3 

1,508 

5.8 

3,610 

437 

4.4 

1,616     j 

6.0 

3,970 

502 

4.5 

1,725 

6.2 

4,335 

569 

4.6 

1,840 

6.4 

4,705 

a38 

'      4.7 

1,960 

6.6 

5,080 

709 

4.8 

2,085 

6.8 

6,460 

782 

4.9 

2,215 

858 

5.0 

2,350 

938 

5.1 

2,490 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  upo 
A)  discharge  measurements  made  <lurinR  1902  to  1904,  inclusive.     It  is  well  defined 
^letwecn  gaj^  heights  1.5  feet  and  6.0  feet.    The  table  has  been  extended  beyond 
thefie  limits. 
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Estimated  mcmthly  disdiarge  of  Pisoatcujuis  River  near  Fbxcroft,  Me. ,  for  1904- 

[Drainage  area.  280  square  mileR.] 


Discharge  in  seoond-feet. 


Month. 


January . . . 
February . , 

March 

Aprils 

May 

June 

July 

August.... 
September 
October  ... 
November , 
December 


The  year 


Run-off. 






1 

Maximum. 

• 

Minimum. 

Mean,     i 

1,113 

180 

587 

1,023 

64 

348 

2,636 

437 

1,459 

15,050 

858 

3,004 

8,840 

437 

2,532 

1,403 

64 

319 

938 

123 

388 

437 

81 

174 

1,208 

64 

325 

.     1,725 

100 

587 

858 

148 

395 

569 

81 
64 

273 

15, 050 

866 

Second-feet 
I    per  sauare 
mile. 


Depth  in 
inches. 


2.10 
1.24 
5.21 
10.7 
9.04 
1.14 
1.39 

.621 
1.16 
2.10 
1.41 

.975 


3.09 


2.42 
1.^ 
6.01 

11.9 

10.4 
1.27 
1.60 
.716 
1.29 
2.42 
1.57 
1.12 

42.06 


COLD   STREAM   AT  ENFIELD,  ME. 


Cold  Stream  is  the  outlet  from  Cold  Stream  Pond — reajly  a  series  of 
ponds  comprising  a  total  area  of  water  surface  of  about  10  square 
miles,  the  largest,  which  is  mostly  in  the  town  of  Entield,  having 
about  8  square  miles  area. 

Cold  Stream  flows  into  Passadumkeag  Stream,  a  tributary  of  the 
Penobscot,  at  a  distance  of  some  4i  miles  from  Cold  Stream  Pond,  and 
has  a  total  drainage  area  of  about  37  square  miles.  The  basin  is  mostly 
wooded  and  only  sparsely  settled.  During  the  first  half  mile  the  fall 
is  rapid,  but  through  the  rest  of  its  course  the  stream  runs  through  a 
great  swamp,  and  is  tortuous  in  its  course,  with  sluggish  current. 
Near  the  village  of  Enfield  a  fall  of  perhaps  10  to  12  feet  has  in  the 
past  been  developed  for  power  for  a  saw  and  shingle  mill,  but  is  not 
now  in  use.  This  drainage  basin  has  l)een  considered  as  a  source  of 
water  supply  for  the  district,  which  includes  Bangor  and  some  other 
adjacent  towns. 

This  station  was  established  June  14,  1904,  by  N.  C.  Grover,  and 
was  located  at  the  highway  bridge,  about  three-fourths  of  a  mile  south 
of  Enfield,  on  the  road  to  Passadumkeag.  During  the  sununer  it  wjls 
found  that  the  gage  was  within  the  influence  of  back  water  from 
Passadumkeag  Stream,  and  consequently,  on  September  12,  1904,  the 
gage  was  taken  from  the  highway  bridge  mentioned  above  and  placed 
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about  200  feet  below  the  old  mill,  near  Enfield  post-office.  The  drain- 
age area  at  this  point  is  about  26  square  miles. 

The  gage  is  a  standard  chain,  attached  to  a  clump  of  maple  trees  on 
the  right  bank  of  the  river;  length  of  chain,  10.24  feet.  It  is  referred 
to  the  following  bench  marks:  (1)  Spike  in  maple  tree  near  the  gage; 
elevation,  6.89  feet  above  gage  datum.  (2)  Point  on  a  rock  marked 
""B.  M. — 2,"  about  8  feet  downstream  from  the  gage  on  the  right 
bank;  elevation,  4.65  feet  above  gage  datum.  (3)  Center  of  the  gage- 
box  pulley;  elevation,  9.03  feet  above  gage  datum.  Discharge  meas- 
urements are  made  at  low  and  medium  stages  by  wading  in  the  vicinity 
of  the  gage.  High- water  measurements  are  made  from  the  bridge 
about  600  feet  above  the  gage.  The  stream  is  fairly  straight  in  the 
vicinity  of  the  gage,  and  is  about  30  feet  wide  at  ordinary  stages.  The 
bed  of  the  stream  is  rocky  and  permanent;  the  banks  are  not  high  and 
probably  overflow  at  high  stages.  The  width  is  about  30  fegt;  depth 
about  0.9  of  a  foot;  velocity  is  high  at  all  stages.  The  gage  is  read 
daily  by  Mr.  A.  J.  Twombley,  a  farmer,  at  Enfield. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographea*. 

Discharge  ineasurenierUs  of  Cold  Stream  at  Enfield^  Me.j  in  J904- 


Date. 


Hydrographer. 


Area  of 
section. 


September  9 
October  12.. 
October  21 . . 
November  4 


H.  K.  Barrows. 
F.  E.  Pressey.. 

..-.do 

do 


Square  feet. 
17 
20 
23 
25 


Mean 
velocity. 


Gage 
helK 


KC 

rht. 


Ft,  fter  »ec. 
2.12 
1.85 
2.43 
2. 1« 


2.72 
2.75 
2.92 
2.90 


Discharge. 

Second-feet. 
36 
37 
56 
54 


Mean  daily  gage  height,  in  feet,  of  Cold  Stream  at  Enjietd,  }fe.jfor  V.H)4- 


Day. 

Sept. 

Oct. 

2.9 
2.9 
2.9 
2.9 
3.0 
2.8 
2.8 
2.8 
2.9 
2.8 
2.5 
2.7 
2.7 
2.7 
2.7 
2.8 

Nov. 

2,9 

2.8 
2.8 
8.0 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 

Dec. 

1 

Day. 

Sept. 

2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
3.0 
t 

1 

Oct. 

3.0 
3.0 
8.0 
3.0 
2.8 
8.0 
3.0 
8.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Nov. 

2.7 
2.9 
2.8 
2.7 
2.8 
2.8 
2.7 
2.6 
2.7 
2.8 
2.S 
2.8 
2.7 
2. «) 


Dec. 

1 

2.6 
2.7 
2.7 
2.7 

• 

17 

18 

2.7 

2 

2.7 

3   

19 

2.6 

4 - 

20 

2.7 

6 

2.8 
2.8 

21 

2.6 

6 

22 

2.7 

7 

1 
2.7 

2.7 

23 

2.7 

8 

24 

2.7 

9 .- 

2.7 
2.8 
2.7  ' 

,  25 

2.6 

10 

2.4 
2.8 
2,8 
2.7 
2.7 
2.9 

2.9 

1 

26 

2.6 

11 

27 

2.7 

12 

2.8 
2.8 
2.7  , 
2.15 

2.6 

, 

28 

2.7 

13   

29 

2.6 

14 

15 

16 

30 

31 

1 

2.7 
2.6 
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PHILLIPS  liAKE   AND  OUTLETS   IN    HOLDEN   AND    DEDHAM,  ME. 

Phillips  Lake  drains  an  area  of  about  11.5  square  miles,  and  has  a 
water  surface  of  about  lA  square  miles.  It  is  situated  about  10  miles 
southeast  of  the  city  of  Bangor.  The  shores  are  generally  rocky  and 
the  adjacent  country  mostly  wooded  and  only  sparsely  settled.  The 
water  is  apparently  of  excellent  quality  and  of  considerable  depth. 
This  lake  is  being  prominently  considered  as  a  new  source  of  water 
supply  for  the  city  of  Bangor.  There  are  two  drainage  outlets  of  this 
lake.  The  greater  amount  of  water  flows  from  the  northern  end  of 
the  lake  northerly  through  the  village  of  East  Holden;  thence  south- 
erly through  Long  Pond  and  into  Penobscot  River  below  Bucksport. 
The  total  length  of  this  outlet  is  18  miles.  The  other  outlet,  situated 
at  the  southeast  end  of  the  lake  in  the  town  of  Dedham,  flows  into 
Green  Lake  and  thence  into  Union  River.  Through  this  outlet  there 
is  flow  only  during  medium  and  high  stages. 

The  United  States  Geological  Survey  maintains  gages  at  the  two 
outlets  of  the  lake;  also  a  gage  for  obtaining  a  record  of  lake  level. 

The  station  at  the  northern  outlet  was  established  July  7,  1904,  by 
F.  E.  Pressey.  It  is  located  about  li  miles  from  the  lake,  one-fourth 
mile  south  of  the  village  of  East  Holden  and  175  feet  south  of  an  old 
mill.  The  drainage  area  at  this  point  is  12.3  square  miles.  A  plain 
staff  gage  was  first  used,  attached  vertically  to  a  maple  tree  on  the 
right  bank,  but  this  was  replaced  on  December  6,  1904,  by  a  standard 
chain  gage  attached  to  the  same  maple  tree;  length  of  chain,  9.48  feet. 
The  gage  is  referred  to  bench  marks  as  follows:  (1)  A  spike,  approxi- 
mately vertical,  in  the  foot  of  the  tree  to  which  the  gage  is  attached, 
inclosed  in  a  circle  and  marked  ''  B.  M. — 1 "  ;  elevation,  5.24  feet  above 
the  gage  datunr.  (2)  The  highest  point  on  a  large  stone  about  25  feet 
upstream  from  the  gage  in  the  bed  of  the  stream.  Jt  is  inclosed  in  a 
circle  and  marked  '^  B.  M. — 2";  elevation,  5.51  feet  above  gage  datum. 
(3)  Spike  driven  into  maple  tree  to  which  gage  is  attached,  approxi- 
mately horizontal,  for  use  in  measuring  to  the  water  surface;  eleva- 
tion, 6.17  feet  above  gage  datum.  (4)  Center  of  gage-box  pulley; 
elevation,  8.30  feet  above  gage  datum. 

Discharge  measurements  are  made  at  ordinary  stages  by  wading  near 
the  gage.  At  high  water  they  are  made  from  a  railroad  bridge  about 
one  mile  upstream.  The  channel  is  straight  for  about  10  or  12  feet 
above  the  gage  and  curved  just  below  the  gage.  The  bed  is  rocky  and 
rough  but  permanent.  The  banks  are  high  and  not  subject  to  over- 
flow. There  is  but  one  channel  at  all  stages.  The  ordinary  width  is 
about  10  feet;  depth,  0.8  of  a  foot;  velocity,  high  at  all  stages.  The 
gage  is  read  once  each  day  by  Lewis  Pinkham,  of  P^ast  Holden. 

The  station  at  the  southeast  outlet  was  established  July  19,  1904,  by 
H.  K.  Barrows.     It  is  located  at  the  highway  bridge  about  li  miles 
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southeast  of  Lake  House  railroad  station,  and  is  al>out  7CK)  feet  south- 
east of  the  Maine  Cent  ml  Kailroad  crossing.  A  plain  staff  f^i^e  is 
fastened  vertically  to  the  logs  of  the  floor  and  the  right  abutment  of 
the  single-span  highwa\'  })ridge.  It  is  referred  to  bench  marks  as  fol- 
lows: (I)  A  point  and  circle  on  stone  of  the  southeast  abutment  of  the 
bridge  marked  ^'  B.  M. — 1'";  elevation,  6.31  feet  above  the  gage  datum. 
(2)  Highest  point  of  stone  about  50  feet  north  of  the  gage  on  the  west 
side  of  the  road,  inclosed  bv  a  circle  and  marked  "B.  M. — 2'';  eleva- 
tion, 10.04  feet  above  the  gage  datum. 

Discharge  measurements  are  made  at  low  and  medium  stages  by 
wading  just  below  the  bridge,  and  at  high  stages  from  the  downstream 
side  of  the  bridge  to  which  the  gage  is  attached.  The  channel  is  curved 
for  about  25  feet  above  the  station  and  straight  for  some  30  feet  below. 
The  bed  of  the  stream  is  of  gravel,  rough  but  permanent.  The  banks 
are  rocky,  wooded,  and  liable  to  overflow.  There  is  but  one  channel  at 
all  stages.     The  gage  is  read  only  when  meter  measurements  are  made. 

The  station  on  Phillips  Lake  was  established  July  19, 1904,  by  H.  K. 
Barrows.  It  is  located  about  one-fourth  mile  west  of  Lake  House 
railroad  station.  The  gage  is  a  plain,  vertical  staff  fastened  to  a  bowl- 
der on  the  east  shore  of  the  lake  about  300  feet  northwest  of  Dr.  L.  S. 
Chilcott's  cottage.  It  is  referred  to  bench  marks  as  follows:  (1)  A 
point  on  ledge  of  rock  east  of  the  gage,  inclosed  by  a  circle  and 
marked  "B.  M. — 1";  elevation,  10.28  feet  above  gage  datum.  (2)  A 
point  on  a  ledge  of  rock  about  10  feet  west  of  the  gage,  inclosed  by  a 
circle  and  marked  '*  B.  M. — 2  ";  elevation,  11.86  feet  above  gage  datum. 
This  gage  has  been  read  at  intervals  of  a  week  or  two,  and  results 
furnished  through  the  courtesy  of  Dr.  L.  S.  Chilcott,  of  Bangor,  dur- 
ing the  summer  and  fall  of  1904. 

An  additional  vertical  staff  gage,  referred  to  the  same  datum,  was 
established  on  December  6,  1904.  It  is  fastened  to  the  east  abutment 
of  the  Maine  Central  Railroad  bridge  over  the  northern  end  of  Phillips 
Lake.  It  is  referred  to  bench  marks  as  follows:  (1)  The  northwest 
corner  of  wing  wall  at  west  end  of  bridge;  elevation,  16.79  feet  al)ove 
gage  datum.  This  gage  is  read  once  a  week  by  H.  C.  Lord,  section 
foreman  of  the  Maine  Central  Railroad,  who  lives  at  East  Holden. 

Observations  at  these  stations  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  distnct  hydrographer. 

Discharge  meamiremenUi  of  Phillips  Lake,  north  outlet,  at  East  Holden^  Me.,  in  J 904. 


Date. 


Hydroffrapher. 


July  19 H.  K.  Barrows, 

AugUHt  18 F.  E.  Prespey  . 

Octol)erl7 i do .- 


Area  of 
section. 


Square  Jed. 
7.86 

6.54 

4.36 


Mean 
veloi'ity. 


Ft.  per  sec. 
1.23 

.97 

1.29 


Gage 
lieight. 


Ftet. 
1.55 

1.45 

1.46 


Disehaige. 

Seamd-feet. 
9.66 

6.29 

5.64 
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Discharge  measurements  of  Phillips  Lakr,  southeast  outlet,  near  Greenlake,  3f?.,  in  1904. 


Date. 


July  19.... 
AugiwtlS.. 
October  17. 


Hydrographer. 


H.  K.  Barrows. 
F.  E.  Pressey  .. 
do 


Area  of 
section. 


Square/eet. 

1.23 

.20 

1.25 


Mean 
velooity. 


Ft.  per  »ec. 

0.89 

.36 

1.18 


Oa«e 
heiglit 

Dijichaii^e. 

FeeL 

Seamd-feet. 

t.42 

1.09 

1.14 

.07 

1.49 

1 

1.48 

Mean  daily  gage  heighi,  infeet^  of  Philips  Lake,  north  outlet,  at  East  Holden,  Me,,  for  1904- 


Day. 

July. 

Aug. 

Sept. 

Oct. 

1 

1.70 
1.70 
1.66 
1.66 
1.65 
1.60 
1.60 

1.45 
1.60 
1.48 
1.46 
1.46 
1.45 
1.45 

• 

1.46 

2 

3 

4 

6 

6 

7 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.60 
1.60 
1.60 
1.50 
1.52 
1.66 
1.52 
1.60 
1.50 
1.50 
1.50 
1.50 
1.55 
1.70 
1.70 
1.70 
1.70 

8 

1.60        1.46 
1.60         1.45 
1.65         1-42 

9 

10 

11 

1.66 
1.65 

1.40 
1.40 

12 

13 

K48         1.40 

14 

1.45 
1.40 
1.40 

1.40 
1.40 
1.40 

15 

16 

17 

1.40  i      1.40 
1.40         1.40 
1.40         1.40 
1.40         1.40 
1.62         1.40 
1.50         1.40 
1.48         1.40 
1.45         1.40 

1.45  1.40 

1.46  1.40 
1.46         1.40 
1.45        1.40 
1.48         1.40 

1.45  1.40 

1.46   

< 

18 

1.46 

19 

1.45  ! 

20 

1.45 

21 

1.45 

22 

1.45  1 

23 

1.45  ' 

24 

1 
1.45 

26 

1.46 

26 

1.45 

27 

1.45 

1.46 

29 

1.46 

1.46 

31 

1.45   . 

1 

Nov.       Dec. 


1.45 

1.80 

1.46 

1.9P 

1.45 

2.00 

1.46 

1.80 

1.45 

1.70 

1.46 

1.70 

1.45 

1.70 

1.46 

1.70 

1.45 

1.70 

1.45 

1.65 

1.46 

1.65 

1.46 

1.65 

1.46 

1.70 

1.45 

1.70 

1.45 

1.65 

1.46 

1.65 

1.45 

1.65 

1.46 

1.65 

1.46 

1.70 

1.45 

1.65 

1.60 

1.70 

1.50 

1.75 

1.50 

1.70 

1.65 

l.fW 

1.60 

1.65 

1.65 

1.65 

1.70 

1.65 

1.76 

1.70 

1.76 

1.65 

1.76 

1.66 

1.65 

a  No  gage  readings  October  1-16. 
Mean  daily  gage  height^  in  feet  ^  of  PhUUps  Lake,  at  East  Holden,  Me.,  for  1904' 


Day. 

July. 

Aug. 

Oct. 

Dec. 

19.. 
21  .. 
22.. 
31  .. 

Day. 

July. 

Aug.    1 

1 

Oct. 

Dec. 

G 

6.50 
6.37 

8.30 

7.05 

14 

6.62  '. 
6.70  ,. 

17 

7.34 

18 

6.40 

6.70 
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KKNXKBBC  RIVKR   I>RAINAGK   llASEN. 

Kennebec  River  is  one  of  the  best  streams  in  the  United  States  for 
the  development  of  water  power.  Its  basin,  which  lies  wholly  within 
the  State  of  Maine,  between  those  of  the  Androscoggin  and  the  Penob- 
scot, is  150  miles  in  length  and  from  50  to  80  miles  in  width  in  the 
main  portion,  embracing  a  total  area  of  6,110  square  miles.  Of  this 
area  1,330  square  miles  are  tributary  to  Moosehead  Lake,  in  which 
the  river  has  its  source.  The  upper  tributaries,  however,  rise  in  the 
hilly,  forested  areas  lying  to  the  east  and  west  of  that  lake.  Of  these. 
Moose  River  is  the  most  impoi-tant.  The  northern  part  of  the  drain- 
age basin  is  broken  by  offsets  from  the  White  Mountains.  Nearly  the 
whole  of  the  upper  portion  is  forest  covered  and  in  its  original  wild 
state. 

Below  the  outlet  of  Moosehead  Lake  the  hills  close,  in  upon  the 
river,  forming  a  narrow,  rocky  chasm,  with  steep  and  precipitous 
sides.  From  Moosehead  Lake  to  The  Forks  the  river  is  a  torrent, 
the  total  fall  in  the  23  miles  being  500  feet.  Dead  River  is  tributary 
to  ttie  Kennebec  at  The  Forks.  Below  this  junction  the  river  flows 
with  a  lesser  slope  in  a  narrow,  winding  bed  about  20  miles  to  Bing- 
ham; thence  through  a  broader  valley  in  which  are  located  many 
farms.  There  are  between  Bingham  and  tide  water  a  numbier  of  large 
falls  at  which  water  power  has  been  developed. 

The  prevailing  rock  in  the  northern  part  of  the  basin  is  slate,  with 
a  belt  of  sandstone  to  the  west  and  a  district  of  granite  to  the  east  of 
Moosehead.  South  of  Bingham  mica-schists  run  into  the  clay  slate 
in  spots  and  elsewhere  into  gneiss,  but  (except  where  broken  by 
intrusions  of  granite,  as  at  Hallowell  and  Augusta)  slate  prevails 
as  far  as  Gardiner.  Below  the  latter  city  gneiss  predominates,  with 
stretches  of  mica-schists  on  the  east  bank.  The  surface  materials  are 
finely  pulverized.  Water-retaining  sands  and  gravels  are  more  abun- 
dant in  the  northern  part,  succeeded  by  a  greater  proportion  of  loam 
and  clay  to  the  south. 

The  areas  of  the  drainage  basins  of  the  river  and  its  principal  trib- 
utaries are  given  in  the  following  table. 
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Drainage  areas  of  Kennebec  Rh^er  and  principal  tributaries. 


River. 


Kennebec 
Do... 
Do... 
Do... 
Do... 


Do 
Do 
Do 
Do 

Do 


Do 

Do 

Moose 

Roach 

Dead 

Carrabassett 

Do 

Sandy 

Do 

Seljasticook 

Meesalonfikee . . . 
Cobbosseecontee 


Locality. 


Drainage 
area. 


Outlet  of  Moosehead  Lake 

The  Forks f 

Immediately  below  mouth  of  Dead  River 
Oaratunk  Falls,  Solon 


North  Anson,  above  mouth  of  Carrabassett 
River. 

Madison 

Norridgewock 

Fairfield 


Waterville,    above    mouth    of    Sebasticook 
River. 

Waterville,    below    mouth    of    Sebasticook 
River. 

Augusta 

Head  of  Merrymeeting  Bay 

Mouth 

Roach  River 

Mouth,  The  Forks 

North  Anson,  above  Embden  Brook 

Mouth 

Farmington 

Mouth 

do 

do 


do 


Square  miles. 
1,330 
1,670 
2,540 
2,790 
2,880 

3,310 
4,020 
4, 370 
4,380 

5,310 

5,710 
6,110 
680 
85 
870 
340 
395 
350 
670 
930 
208 
240 


The  United  States  Geological  Survey  now  maintains  gaging  stations 
at  the  following  places  in  the  Kennebec  drainage:  On  the  Kennebec 
at  The  Forks  and  at  North  Anson;  on  Moose  River  at  Rockwood;  on 
Roach  River  at  Roach  River;  on  Dead  River  at  The  Forks;  on  Can-a- 
bassett  River  at  North  Anson;  on  Sandy  River  near  Madison;  on  Mes- 
salonskee  River  at  Waterville. 

In  addition,  figures  of  flow  are  furnished  the  Survey  by  private 
parties  for  Kennebec  River  at  Waterville,  and  Cobbossecontee  River 
at  Gardiner. 

0 

KENNEBEC  RIVBR  AT  THE  FORKS,  ME. 

This  station  was  established  by  N.  C.  Grover,  September  28,  1901, 
at  the  wooden  highway  bridge  across  Kennebec  River  at  The  Forks, 
above  the  mouth  of  Dead  River.  The  drainage  area  at  the  station  is 
1,670  square  miles.     Of  this  area  1,330  square  miles  are  tributary  to 
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Moosebead  Lake,  while  the  remaining  340  square  miles  are  drained 
into  the  Kennel)ec  by  small  streams  with  steep  slopes  and  no  stoi*age. 
Practically  all  land  surfaces  al)ove  this  point  are  in  forest.  There  are 
two  gages — one,  a  vertical  rod,  is  attached  to  the  timl)er  retaining  wall 
on  the  left  bank  about  75  feet  above  the  bridge;  the  other  is  of  the 
standard  chain  type,  and  is  attached  to  the  bridge  floor;  length  of  chain, 
17.18  feet.  The  datum  of  the  two  gages  is  the  same  and  is  referred 
to  two  bench  marks;  (1)  the  top  of  a  bolt  on  the  east  abutment,  north 
side  of  bridge;  elevation,  12.85  feet  above  gage  datum;  (2)  marked 
point  on  the  floor  of  the  bridge  near  the  east  end  of  the  gage  box; 
elevation,  15.42  feet  above  gage  datum;  gage  datum  is  at  elevation 
562.85  feet  above  mean  sea  level,  as  determined  by  the  Kennebec  River 
survey  of  1904.  The  initial  point  of  soundings  is  on  the  left  bank, 
marked"  by  a  rod  across  the  bridge,  just  above  the  abutment  and  below 
the  bridge  floor.  The  channel  is  straight  above  the  station  for  about 
200  feet  and  below  for  a  distance  of.  500  feet,  is  unbroken  by  piers, 
and  is  about  125  feet  wide  at  ordinary  stages  of  the  river.  The  cur- 
rent is  swift;  observed  mean  velocities  ranged  from  7.67  feet  per  sec- 
ond at  gage  height,  5.60  to  0.86  of  a  foot  per  second  at  gage  height 
0.90.  The  banks  are  high  and  rocky  and  the  bed  is  rocky  and  perma- 
nent.    The  gage  is  read  twice  daily  bv  William  W.  Young. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurement*  of  Keimehec  River  at  The  Forks^  Me. ,  1901-1904. 


Date. 


Hydroffrapher. 


'      Area  of 
section. 


Mean 
velocity. 


Gage 
height. 


1901. 
September  28  ..    N.  C.  Grover. 


October  20 


1902. 

April  25 

June  16 

June  25 

September  29 

1903. 
August  18  . . . 
November  4. - 
November  4.. 


.do 


N.  C.  Grover. 

do 

do 

F.  E.  Preaeey 

N.  C.  Grover. 

do 

do 


Square  feet.     Ft.  per  sec. 


1904. 
July  27... 
August  29 


H.  K.  Barrows 
do 


774 
550 

930 
1,160 
1,050 

730 

979 
614 
614 

650 
863 


2.40 
.86 

3.76 
7.64 
5.61  i 
2.03  I 

4.27 
1.23 
1.24 

1.63 
3. 15 


Feet. 
2.60 
.90 

3.70 
5.60 
4.75 
2.10 

3.95 
1.26 
1.26  i 

1.70 
3,12 


Dlflcharge. 

Second-feet. 
1,860 
473 

3, 500 
8,860 
5,900 
1,480 

4,180 
757 
759 

1,060 
2,  720 
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Mean  daily  gaije  fieightf  infeeiy  of  Kennebec  River  at  The  Forks^  Me.,  for  1904. 


Day. 

Jan. 

1.90 
61.90 

Feb. 

Mar. 

Apr. 

1 

2.30 

a  2. 40 

2.00 

2 

3 

1.50 

.80 

.80 

.90 

1.10 

91.20 

96.80 

92.60 

93.20 

93.70 

2.80 

4 

C2.30 

5 

6 

7 

a2.00   

«2.20 
2.40 
2.50 

a2.50 

"2.30 

8 

9 

al.90  ' 

1 

10 

11 

C2.60 
i2.60 
i2.60 

12 

«1.90 
1.90 
2.10 

13 

14.            

2.80 

15 

2.60 

O2.10 

8.10 

16 

c2.00 

3.10 

17 

2.90 

IH 

f2.40 
2.40 

2.30 

i2.40 

2.40 

1.80  ' 

19 

<'2.00 

2.10 

20 

1.70 
1.70 
1.80 
1.90 
2.65 
3.35 
3.20 
3.25 

21 

•'2.00 
*'2.00 

22 

23 

24 .'. 

2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.10 
2.-20 

25 

26 

C2.80 

27 

C2.40 

28...' 

<"2.30 
<?2.40 

3.30 

29 

3.40 

30 :.... 

3.95 

81 : 

"""•■■* 

May. 

June. 

4.85 

5.75 

4.25 

5.66 

3.70 

6.26 

3.50 

5.90 

8.40 

6.30 

3.40 

6.90 

3.30 

6.40 

3.30 

4.76 

3.20 

5.36 

8.70 

6.10 

5.30 

6.10 

4.80 

6.30 

4.00 

7.00 

3.20 

6.90 

4.10 

4.20 

4.80 

4.20 

4.65 

4.46 

4.80 

8.90 

5.65 

8.90 

6.30 

*7.50 

4.90 

3,10 

kA.m 

5.25 

fc3.86 

4.25 

fc3.85 

6.60 

fc3.90 

4.60 

4.36 

4.55 

4.35 

4.45 

4.30 

5.50 

4.10 

5.55 

4.00 

5.25 

2.10 

2.10 

2.10 

cl2.d0 

«2.40 

«2.40 

/2.eo 

A2.70 
*2.80 
*S.10 
<S.20 
S.30 
3.30 
S.60 
8.30 
3.W 
3.80 
4.00 
4.10 
4.10 
'  4.20 
4.40 
4.  JO 
4.40 
4.60 
4.  GO 
4.60 
4.80 
4.50 
4.80 
4.70 


a  Ice  2.2  feet  thick.  bice  1.4  feet  thick.  dee  2  fet)t  thick. 

Anchor  ice  cautied  backwater  effect  on  gage  estimated  as  follows: 

<I0.4  foot.  <0.7  foot. 

«0.3  foot.  ilce  2.1  feet  thick. 

/0.6foot.  ^Log  jam  formed  short  distance  below  gage 

9  Ice  from  Dead  River  formed  a  jam  a  short      caused  estimated  backwater  effect  on  gage  of  0.3 
distance  below  gage  and  caused  backwater.  foot. 

*0.6  foot. 

Note.— During  frozen  season  gage  readings  are  to  surface  of  water  in  hole  cut  in  ice. 
Rating  table  for  Kennebec  River  at  Tlie  Fork*,  Me.  ^  from  January  1  to  December  SI,  J904. 


July. 

Aug. 

Sept. 

Oct- 

Nov. 
1.46 

4.10 

2.25 

3.05 

2.60 

4.20 

2.40 

3.10 

2.36 

1.40 

4.76 

3.70 

8.60 

2.06 

1.40 

4.60 

3.26 

4.10 

1.85 

1.40 

4.40 

8.80 

4.06 

1.96 

1.65 

4.10 

3.26 

8.86 

1.50 

1.70 

4.16 

8.16 

3.30 

1.86 

2.50 

3.96 

8.10 

3.06 

1.30 

2.66 

4.00 

8.06 

2.90 

1.80 

2.15 

4.06 

3.36 

2.80 

1.60 

2.10 

4.80 

8.26 

2.70 

2.80 

1.96 

4.86 

3.66 

2.60 

2.85 

2.00 

5.26 

3.66 

2.60 

8.06 

2.16 

6.30 

3.75 

2.66 

8.10 

2.90 

6.20 

8.30 

2.95 

8.10 

2.20 

6.10 

2.10 

2.20 

3.06 

2.90 

6.60 

3.90 

1.90 

3.00 

2.20 

4.40 

3.36 

1.80 

2.66 

2.20 

4.16 

3.50 

1.70 

2.40 

2.15 

4.10 

3.40 

1.60 

2.30 

2.10 

4.00 

2.36 

1.50 

2.26 

2.16 

6.86 

2.30 

1.70 

2.66 

2.10 

2.16 

1.50 

1.76 

2.30 

2.05 

6.10 

1.76 

2.00 

2.06 

2.06 

4.20 

2.00 

2.60 

2.40 

2.00 

3.60 

2.25 

2.60 

2.26 

2.00 

3.50 

2.65 

2.65 

2.00 

2.06 

3.40 

3.10 

2.70 

1.70 

2.00 

8.70 

8.20 

2.65 

1.80 

2.00 

3.40 

3.10 

2.70 

1.66 

2.10 

3.06 

8.10 

1.50 

Dec. 


Gage 
height. 

Feet. 

• 
Discharge. 

Second-feet. 

Gage 
height. 

Discharge. 

Secorul-fcet. 

1 

!     Gage 
height 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

F^. 

Second-feet. 

SecondrfeeL 

0.9 

480 

1.6 

1,040 

2.7 

2,000 

4.4 

5,020 

.95 

520 

1.7 

1,120 

2.8 

2,105 

4.6 

5,510 

1.0 

560 

1.8 

1,200 

2.9 

2,220 

4.8 

6,040 

1.05 

600 

1.9 

1,285 

3.0 

2,350 

5.0 

6,620 

1.1 

640    1 

j       2.0 

1,365 

3.1 

2,490 

.  5.2 

7,280 

1.15 

680 

!       2.1 

1,445 

3.2 

2,635 

5.4 

8,010 

1.2 

720 

2.2 

1, 525 

3.4 

2,960 

5.6 

8,780 

1.25 

760     1 

2.3 

1,610 

3.6 

3,310 

5.8 

9,620 

■       1.3 

800 

2.4 

1,700 

3.8 

3,700 

6.0 

10, 510 

1.4 

880    ! 

2.5 

1,800 

4.0 

4,120 

1.5 

960 

2.6 

1,900 

4.2 

1 

4,560 

RARBOWB 
.INI»   HOY 


^.] 


KBNNEBBC   RIVER   DRATNAOK   BASIN. 


59 


The  fore^in^  table  is  applicable  only  for  o[)eii-channel  conditioiiH.  It  is  based 
u\ton  11  iiisttharge  measurements  made  during  1901  to  IH04,  inclusive.  It  is  well 
deline<l  lietween  ga#<e  heights  1  foot  and  5  feet  Al)ove  6  feet  gage  height  the  dis- 
diarges  are  estimate<l  by  logarithmic  extension  of  the  discharge  curve. 

Egthnaied  moiUhly  ducharge  of  Kennebec  River  at  The  Forkt,  Me.,  firr  1904, 

[Drainage  area,  1,670  Hqiiare  miles.] 


DiachHrye  In  second-feet. 


Run-off. 


Month. 


Maximum.     Minimum.       Mean. 


Second-feet 

r  Nciuf 

mile. 


per  Nciuare 
ill< 


April  (10-30) 

May 

June 

July 

August 

September... 

Octolier 

Noveinlier 


4,015  , 

1,120 

2,226 

8,780 

2,635 

5,255 

18,090 

3,8a5 

8,001 

10,960  1 

1,485 

5, 232 

3,910  , 

960  1 

2,440 

4,3:«) 

960 

2, 078 

2,490  j 

800 

1,5()5 

1,950 

880 

1,377 

1 

1.33 
3.15 
4.79 
3.13 
1.46 
1.24 
.937 
.825 


Depth  in 
Incheii. 


l.(H 
3.63 
5.34 
3.61 
1.68 
1.38 
1.08 
.920 


KKNNEBEO   RIVER  NEAR   NORTH    ANSON,  ME. 

This  station  was  established  on  October  18,  1001,  by  N.  C.  Grover. 
It  is  located  1^  miles  east  of  North  Anson,  above  the  mouth  of  Carra- 
biissett  River.  The  drainage  area  at  this  point  is  2,880  square  miles. 
Measurements  are  made  from  the  wooden  highway  bridge  across  the 
Kennebec,  known  locally  as  Patterson  Bridge.  There  are  three  gages: 
One  is  a  vertical  rod  fastened  to  the  bridge  pier;  another,  for  high- 
water  observations,  is  a  vertical  rod  attached  to  the  right  abutment; 
the  third  is  a  low- water  gage  of  the  standard  chain  type,  and  is  attached 
to  the  wooden  truss  on  the  upstream  side  of  the  bridge;  length  of  chain, 
30.40  feet  when  gage  was  established,  but  changed  to  30.36  feet,  July 
26,  1904,  owing  to  settlement  of  bridge.  Gage  datum  is  elevated 
241.24  feet  above  mean  sea  level,  as  determined  by  the  Kennebec  River 
survey  of  1904.  The  datum  of  the  three  gages  is  the  same  and  is 
referred  to  four  bench  marks:  (1)  Top  of  pier  back  of  the  gage;  eleva- 
tion, 22.50  feet.  (2)  Top  of  the  southeast  corner  of  the  twelfth  stone 
from  the  top  of  west  abutment;  elevation,  9.55  feet.  (3)  Copper  bolt 
in  bowldei*  on  right  bank  about  100  feet  above  the  bridge;  elevation, 
10.66  feet.  (4)  Marked  point  on  the  bottom  chord  of  the  bridge  near 
the  chain  gage;  elevation,  25.15  feet  originally;  changed  to  25.03,  Jul}^ 
26,  1904.  The  initial  point  for  soundings  is  on  the  left  bank  at  the 
outside  of  the  end  post  of  the  center  truss  of  the  bridge.  The  channel 
is  straight  above  the  station  for  500  feet  and  below  for  1,000  feet  and 
has  a  width  of  about  350  feet,  broken  bj'  one  pier      The  current  is 
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moderately  rapid,  except  near  the  left  bank;  observed  mean  velocities 
at  the  .station  have  ranged  from  8.65  feet  per  second  at  gage  heitrht 
6.80  feet  to  1.40  feet  per  .second  at  gago  height  2.85.  Low-water 
measurements  are  made  from  a  boat  about  1,000  feet  below  the  station 
at  a  section  where  there  is  a  better  distribution  of  current.  The  right 
bank  is  high  and  rocky,  while  the  left  bank  is  comparatively  low  and 
subject  to  overflow  at  the  time  of  highest  water.  The  bed  of  the 
stream  is  rocky,  with  sand  over  a  portion  of  the  section,  and  is  per- 
manent. The  gage  is  read  twice  daily  by  Mrs.  C.  S.  Benjamin,  the 
toll  collector  at  the  bridge. 

The  observations  at  this  station  during  190*1  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  meofnirements  of  Kennel^ec  River  near  North  Anaon,  Me. ,  1901-1904, 


Date. 


1901. 
OcU)ber  14. 
October  18. 


1902. 
July  29 

1903. 

March  28 

May  27 

June  15 

June  16 

June  16 

July  17 

Aujin^t  15  . . . 
September  24 
November  6  . 

1904. 
January  27  . . 
January  28  . . 

March  2 

March  4 

June  10 

July  26...... 

August  30  . . . 


Hydrographer. 


N.  C.  Grover 
do 


F.  E.  Pressey, 

F.  E.  Pressey. 

do 

do 

do 

do 

do 

do 

N.  C.  Grover  . 
F.  E.  Pressey. 


Area  of 
section. 


F.E.  Pressey-. 

do 

do 

do 

do 

H.  K.  Barrows 
do 


Sqtiarefeet. 
1,540 
1,500 

2,390 

2,900 
1,970 
3,050 
2,424 
2,250 
1,920 
2,120 
1,790 
428 

393 

398 

285 

285 

2,770 

1,780 

1,940 


Mean 
velocity. 


Fl.  per  sec. 
2.02  ! 
1.64 

» 

2.60 

3.93 
1.59 
3.64 
2.79 
2.48 
1.54 
1.89 
1.40 
2.83 

1.90 
1.97 
1.86 
2.01 
3.09 
1.35 
1.66 


G 
heig^ 


iX  :  i^*«^»»»^<^- 


I 


h>et. 
3.20 
3.00 

4.65 

6.50 
3.25 
6.80 
4.90 
4.38 
3.25 
3.78 
2.85 
2.00 

&3.40 
ft  3. 40 
C3.55 
<^3.65 
6.00  I 
2.94  j 
3.43  i 


Serond-fefl. 
3,  12<1 
2,460 

6,220 

11,400 
3,130 

11, 100 
6,740 
5, 580 
2,960 
4,000 
2, 501) 

a  1, 200 

749 

786 

529 

572 

8,560 

2,400 

3,210 


a  Different  section. 

b  River  frozen.    Qage  height  to  water  surface.    Ice  2.2  feet  thick. 

c  River  frozen.    Gage  height  to  water  surface.    Ice  2.5  feet  thick. 
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Mean  daily  gage  height^  infeet^  of  Kennebec  River  near  North  Anson^  Me.j  for  1904* 


Ot't. 

Nov. 

5.70 

3.05 

5.05 

2.95 

4.55 

2.75 

8.95 

2.75 

3.80 

2.75 

3.40 

2.80 

3.15 

3.15 

8.00 

3.46 

2.95 

3.35 

2.95 

3.15 

3.05 

3.30 

3.80 

3.80 

3.80 

4.00 

5.10 

Dec. 


<?6.05 


«5.00 


JA.W 


13.80 


"5.00 


alee  2.5  feet  thick. 
h  Ice  2  feet  thick. 
c  River  frozen  over, 
dice  1.9  feet  thick. 
*  ice  0.35  foot  thick. 
/Ice  1.86 feet  thick. 
1/ River  clear  of  ice. 


h  Ice  2.8  feet  thick, 
nee  2.4  feet  thick, 
i  Ice  0.6  foot  thick, 
fclce  2.7  feet  thick. 

I  Ice  0.9  foot  thick;  gage  reading  to  top  of  ice  ^-  8.8. 
mice 2.2  feet  thick, 
n  Ice  1.8  feet  thick:  gage  rcadhig  to  top  of  ire  —  5.0. 


Not K.— During  frozen  season  gage  readings  are  to  surface  of  water  in  hole  cut  in  ice. 
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8TREAM   MEASUREMENTS   IN    1904,  PABT   I. 


[NO.  124. 


Rating  table  of  Kennebec  River  near  North-  Anson^ 

SI,  1904. 


Me.,  from  January  1  to  December 


Gage 
height. 

1 
Discharge. 

Gage 
height. 

Dischazge. 
Second-feet. 

Gage 
height. 

1 

Discharge. 

1     Gage 

height. 

DiHcharge. 

Feti. 

Second-feel.  ' 

fVrt. 

1      /bee. 

1 

Second-feet. 

I^eet. 

Second-feet. 

2.75 

2,150    1 

,      4.0 

4,587 

5.5 

8,360 

7.0 

12,680 

2.8 

2,224 

4.1 

4,825 

5.6 

8,630 

7.2 

13,300 

2.85 

2,302 

4.2 

5,065 

1      5.7 

1 

8,900 

7.4 

13,920 

,       2.9 

1 

2,384 

4.3 

5, 305 

5.8 

9,170 

7.6 

14, 540 

2.95 

2,468 

4.4 

1 

5, 545 

5.9 

9,450 

7.8 

15, 160 

3.0 

2,554 

4.5 

5,785 

6.0 

9,730 

8.0 

15,780 

3.1 

2,729     , 

4.6 

6,035 

6.1 

10, 020 

8.2 

16,420 

3.2 

2,908 

4.7 

6,285 

6.2 

10, 310 

8.4 

17,060 

3.3 

3,091 

4.8 

6,535 

6.3 

10,600 

8.6 

1 

17,700 

3.4 

3, 281 

4.9 

6,790 

6.4 

10,890    ' 

8.8 

18,340    ' 

3.5 

3,479 

5.0 

7,050 

6.5 

11,  UO 

9.0 

18,980 

3.6 

3,685 

5.1 

7,310 

6.6 

11,480 

9.5 

20,630 

3.7 

3, 899 

5.2 

7,570 

6.7 

11,780 

10.0 

22,280 

3.8 

4,121 

5.3 

7,830 

6.8 

12,080 

10.5 

23,980 

3.9 

4,351 

5.4 

8,090 

6.9 

12,380 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
13  discharge  measurements  made  during  1901  to  1904,  inclusive.  It  is  fairly  well 
defined  between  gage  heights  2  feet  and  5  feet.  Above  gage  height  5  feet  tlie  curve 
is  somewhat  uncertain.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  discharge  of  Kennebec  River  near  North  Anson,  Me.,  for  1904. 

[Drainage  area,  2,880  square  mileit.] 


Month. 


April  10-30 

Mav 

June 

Juljr  .:.... 

August 

September - 
October  ... 
November , 


Maximum. 


22,620 
24,660 
13,920 
8,630 
7,050 
7,310 
8,900 

9,oa5 


e  in  Hecond-feet. 

Minimum. 

Mean. 
9,755 

3,791 

8,225 

13,940 

4, 825 

7,783 

2,641 

5,250 

2,302 

4,265 

2,384 

3,747 

2,462 

4,221 

2, 150 

3,146 

Run-off. 


Second- feet 

per  square 

mile. 


3.39 
4.84 
2.70 
1.82 
1.48 
1.30 
1.47 
1.09 


Depth  in 
inches. 

2. 

65 

5. 

58 

3. 

01 

2. 

10 

1. 

71 

1. 

45 

1. 

70 

1. 

22 

KENNEBEC   RIVER  AT  WATKUVILLE,  ME. 

The  only  long-continued  oliservations  of  the  flow  of  the  river  are 
those  which  have  been  made  at  Waterville  by  the  Hollingsworth  & 
Whitney  (Jompany,  which  kindly  f uroisUes  the  results  for  publication. 
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The  works  of  that  company  are  above  the  mouth  of  Sebasticook  River. 
The  tributary  drainage  area  of  the  Kennebec  at  that  point  is  about 
4,380  square  miles.  Observations  are  made  at  12  o'clock  noon  of  eaeh 
day,  that  hour  having  been  chosen,  after  investigation,  as  a  time  when 
the  flow  is  least  affected  by  storage  at  dams  upstream  and  as  giving 
most  nearly  the  average  for  the  day. 

When  the  flow  of  the  river  is  less  than  3,500  second-feet,  the  whole 
amount  is  diverted  through  the  water  wheels  of  the  mill,  of  which 
there  are  48.  Water  in  excess  of  the  above  amount  is  wasted  over  the 
dam.  All  of  the  wheels  have  been  tested  at  Hol^'oke  under  practically 
the  same  head  as  used  at  Waterville.  Discharge  curves  for  the  wheels 
and  for  overflow  of  the  dam,  both  with  and  without  flashboards,  were 
constructed  several  years  ago  by  Mr.  Sunmer  Hollingsworth.  Esti- 
mates of  daily  flow  are  made  b}^  means  of  these  diagrams.  The 
leakage  through  the  crib  dam  has  never  been  measured,  but  100 
second-feet  are  added  arbitrarilv  to  cover  this  item. 


Mean  daily  discharge,  in  second-feet,  of  Kennebec  River  at  WcUennlU,  Me,,  for  1904. 


Day. 


Jan. 


4. 

6. 
6. 
7. 
8. 


1 !  1,318 

2 '   »75 

3 1,381 

!   714 

■   886 

862 

969 

956 


9 1,646 


10. 
11. 


.1 


100 
830 

12 ;  1,218 

18 (   916 

14 i  1,909 

16 !  1,163 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 , 

26 

27 

28 

29 

80 

81 


Feb.   Mar.   Apr. 


1,543 
100 
912  I 

1,677 
906 

1,764 
9Q0 
910 
808 

1,012 
996 

1,642 

638 

634 

.629 

848 


963 
918 
917 
944 

1.248 
940 
643 
940 
629 
654 

1,891 
616 
718 
100 
645 

1,889 
538 

1,432 
578 

1,893 
100 

1,081 
906 

1,329 
987 

1,296 

1,420 
100 
651 


1,018 
1,047 
1,044 
1,132 
1,870 
100 
659 
2,068 
2,616 
2,982 
8,562 
3,291 
8,033 
3,254 
8.232 
2,799 
2,736 
2,613 
2,097 
1.413 
2,426 
2,497 
8,078 
3,372 
4,064 
10,470 
11.080 
11,880 
10,400 
8,449 
8,189 


8,738 

7,980 

6,770 

7.211 

6,777 

8,349 

9,541 

15,620 

28,240 

38,840 

33,530 

27.600 

23,060 

14,620 

12,310 

10,590 

8,813 

8,348 

7,947 

8,414 

10,530 

10,460 

11,110 

11,740 

15,180 

16,820 

17,810 

15,980 

20,910 

36,110 


I 


May. 

34,770 
83,910 
23,890 
22,060 
20,730 
21,970 
18,370 
13,390 
12,810 
25,760 
30,910 
87.840 
26,850 
19,610 
16,510 
28,760 
37,560 
27,440 
20,680 
24,520 
20,910 
17,880 
15,150 
14,530 
13,970 
13,010 
11, 120 
11,200 
8,277 
9,031 
9.774 


Jane. 

7,532 

10,490 

10,220 

8,676 

10,310 

10«610 

12,740 

14,460 

11,250 

18,250 

12,000 

11,190 

7,402 

6,061 

5,919 

5,801 

5,652 

6,388 

4,670 

6,458 

6,401 

6,324 

5,979 

5,834 

5,579 

5,110 

7,848 

7,251 

11,860 

5,423 


July. 

6,131 
5,980 
4,872 
4,140 
7,870 
6,174 
5,585 
5,428 
5,628 
3,423 
5,442 
5,690 
7,049 
8,263 
6,969 
6,969 
3,69-1 
5,512 
5,774 
4,346 
4,969 
4,692 
2,941 
3,987 
4,996 
4,805 
4,699 
i,933 
5,619 
5,523 
4,550 


AuR.  I  Sept. 


5,080 
5,168 
4. 086 
4,983 
4,928 
4,508 
3,843 
4,817 
4,378 
3,943 
4,556 
4.970 
6,273 
5,247 
5,687 
5,326 
5,087 
5,419 
4,918 
4,261 
4,380 
6,720 
5,280 
4,587 
3,913 
4,112 
3,685 
2,950 
4,25(> 
4, 152 
4,5&1 


3, 514 

3,692 

3,415 

3,602 

5,534 

5,921 

5,458 

5,170 

3.597 

4,050 

2,610 

3,779 

3,779 

3, 176 

3,777 

6,978 

5,822 

4,531 

4.030 

4,055 

2,961 

3,767 

4,004 

3,722 

2,691 

4, 082 

4,042 

4,381 

4,251 

8,111 


Oct.    I  Nov.  ,  De«. 


10,460 
7,968 
6, 806 
5,960 
4,183 
4,064 
4,3a5 
3,875 
3,959 
4,045 
3,828 
4,116 
4,027 
4,284 
4,150 
3,144 
4,350 
4,464 
4,121 
4,062 
3,8*22 
5,179 
6.866 
5,722 
4,214 
4,146 
4,816 
4,516 
3,964 
2,768 
4,139 


4,148 

3,908 

3,649 

3,521 

8,516 

2,689 

3,494 

3,486 

3,573 

3,793 

3,223 

8,764 

2,669 

4,096 

3,512 

4,071 

4,365 

2,875 

2,898 

2.678 

3,755 

4,078  , 

4,053  : 

658 
4,105 
2,407 
3,465 
2, 962 
2,353 


2,908 
2,891 
3,462 
1,545 
3,150 
2,894 
2,788 
2,764 
2,859 
2,896 
100 
3,183 
2,302 
2,459 
2,587 
2,323 
2,596 
1,249 
3,163 
3,178 
2, 771 
3,423 
2,775 
2,899 
1,966 
2,074 
3,127 
2,883 
2,474 
3,048 
2,764 
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MOOSE   RIVER   NEAR   ROCKWOOD,  ME. 

This  station  was  established  September  7,  1902,  by  N.  C.  Grover. 
It  is  located  4  miles  west  of  Kineo,  Me.,  and  2  miles  from  the  mouth 
of  the  river.  The  drainage  basin  is  680  square  miles  at  this  point. 
Water  is  stored  by  dams  at  the  outlets  of  several  of  the  lakes  and 
ponds  in  the  basin  above,  but  all  of  such  stored  water  is  used  for  log 
driving.  The  stage  of  the  river  changes  very  slowly  after  the  end  of 
the  log-driving  season.  Practicially  all  of  the  land  area^  in  this  basin 
are  in  forest.  Measurements  are  made  from  a  car  suspended  from  a 
steel  cable,  or  by  wading  at  low  water.  The  initial  point  for  soundingh 
is  on  the  right  bank,  1  foot  from  a  birch  tree,  to  which  the  tag  line  and 
cable  are  attached.  There  are  two  gages:  One  is  a  painted  post  driven 
into  the  clay  bed  of  the  river  and  braced  from  several  trees;  the  other 
is  a  standard  chain  gage  attached  to  trees  on  the  bank.  The  datum  of 
the  two  gages  is  the  same,  and  is  referred  to  bench  marks  as  follows: 
(1)  Copper  bolt  in  bowlder  8  feet  from  corner  of  house  of  Peter  Calla- 
ghan;  elevation,  14.58  feet.  (2)  Highest  point  of  large  bowlder  on  right 
bank  150  feet  below  the  cable;  elevation,  5.75  feet.  The  channel  is 
about  220  feet  wide  at  ordinary  stages  and  is  straight  both  above  and 
below  the  station.  The  banks  are  high  and  rocky;  the  bed  of  the  stream 
is  rocky  and  permanent.  The  gage  is  read  twice  daily  by  Peter  Callaghan. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Mean  daily  gage  height^  infeety  of  Moose  River  near  Rockwood,  Me. ,  for  1904. 


Day. 

Apr. 

1 1 

2.    

8  .      

4 

6 

- 

6 

1 
7 

8 

9 

10 

1.80 

11 

3.15 

12 

3.45 

13 

3.70 

14 

3.85 

15 

4.00 

16 

4.10 

17 

4.15 

18 

4.20 

19 

4.20 

20 

4.20 

21 

4.30 

22 

4.30 

23 

4.80 

24 

4.50 

25 

4.75 

2H 

5.a5 

27 

5.30 

28 

5.55 

29 

5.85 

30 

6.20 

31 

May.      June,  i  July 


6.65 
6.90 
7.15 
7.10 
7.80 
7.56 
7.40 
7.30 
7.25 
7.35 
8.00 
9.05 
9.10 
8.70 
8.10 
7.90 
7.90 
7.66 
7.25 
7.05 
6.85 
6.60 
6.50 
6.30 
6.00 
5.65 
5.46 
5.30 
5.a5 
6.06 
4.95 


4.65 
4.60 
4.65 
4.26 
4.25 
4.56 
4.70 
4.96 
5.05 
6.00 
5.a5 
6.25 
5.05 
4.80 
4.65 
4.45 
4.25 
4.10 
4.10 


4.65 
4.65 
4.70 
4.60 
4.-55 
4.55 
4.60 
4.20 


4.00 
3.96 
4.10 
4.20 
4.10 
4.00 
8.86 
3.75 
3.60 
8.60 
3.45 
3.35 
3.40 
3.36 
3.30 
3.20 
3.15 
3.00 
2.90 
2.70 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2. 45 
2.50 
2. 50 
2.50 
2.50 


Aug. 


2.50 

2.60 

2.50 

2.60 

2.40 

2.30 

2.30 

2.20 

2.20 

2. 16 

2.20 

2.30 

2.30 

2.40 

2.50 

2.50 

2.60  I 

2.40  i 

2.40 

2.45 

2.60 

2.66  I 

2.70 

2.70 

2.70 

2.70 

2.60 

2.50 

2.60 

2.45 

2.40 


Sept. 


2.30 
2.86 
2.40 
2.66 
2.86 
3.06 
3.10 
3.10 
3.05 
3.00 
3.00 
2.95 
2.90 
2.90 
2.95 
3.20 
3.45 
3.60 
3.70 
3.70 
3.75 
3.80 
3.80 
3.80 
3.95 
4.a5 
4.20 
4.30 
4.30 
4.60 


Oct.        Nov, 


Dec. 


4.70 
6.06 
6.10 
6.10 

6.  as 

6.00 
4.90 
4.80 
4.66 
4.60 
4.60 
4.40 
4.40 
4.36 
4.26 
4.16 
4.06 
4.00 
3.90 
3.80 
3.80 
3.90 
4.00 
4.10 
4.00 
4.00 
4.00 
3.90 
8.90 
3.80 
3.80 


8.75 
8.70 
8.60 
3.60 
3.60 
8.50 
3.40 
3.^0 
3.30 
3.20 
3.15 
8.10 
3.10 
8.10 
3.10 
8.10 
8.00 
2.90 
2.90 
2.90 
2.90 
2.90 
'2.90 
2.80 
2.80 
2.80 
2.80 
'2.80 
2,70 
2.70 


2.70 
2.(» 
2.50 
2.50 
2.50 
2.  SO 
2.50 
2.40 
2.S5 
2.30 
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BOACH    RIVER  AT   ROACH   RIVER,    ME. 

This  stream,  which  has  a  total  drainage  area  of  120  square  miles, 
enters  Moosehead  Lake  from  the  east.  Its  basin  is  completely  for- 
ested. Dams  at  the  outlets  of  several  ponds  control  the  flow  of  the 
river.  The  gage  is  located  at  about  100  feet  downstream  from  the 
lowest  of  these  dams,  at  which  point  the  river  is  so  completely  under 
control  that  the  stage  does  not  vary  perceptibly  for  weeks  at  a  time. 
Impounded  water  is  used  for  log  driving. 

This  station  was  established  November  10,  1901,  by  N.  C.  Grover. 
The  drainage  area  at  this  point  is  85  square  miles.  The  gage  is  a  ver- 
tical rod  spiked  to  the  timber  retaining  wall  on  the  right  bank  of  the 
stream.  It  is  referred  to  a  bench  mark,  which  is  a  cross  cut  in  the  high- 
est timber  of  the  crib  to  which  the  gage  is  spiked;  elevation,  9  feet. 
Meter  measurements  of  flow  are  made  by  wading,  or  from  a  boat  at  a 
section  about  2,000  feet  downstream  from  the  gage.  The  bed  of  the 
stream  at  this  point  is  rocky  and  permanent.  The  channel  is  straight 
and  about  60  feet  wide.     The  gage  is  read  twice  daily  by  C.  H.  Sawyer. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Mean  daily  gage  height^  infeety  of  Roach  River  at  Roach  River^  Me.  t  for  1904' 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

2.80 
2.30 
2.30 
2.30 
2.30 
2.80 
2.80 
2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
3.30 
4.20 

May. 

4.80 
5.30 
5.56 
5.40 
5.40 
5.40 
5.40 
5.40 
2.30 
2.80 
2.30 
5.40 
5.40 
2,30 
2.30 
2.30 
5.50 
5.50 
2.30 
2.30 
5.50 
5.60 
2.80 
8.90 
3.90 
6.50 
2.30 
5.50 
2.80 
5.50 
5.50 

Jnne. 

July. 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.30 
2.60 
2.60 
2.60 
2.60 
8.00 
2.60 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

(«) 

(°) 

2.80 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
3.30 
8.30 
8.30 
3.80 
2.50 
2.50 
2.50 
2.50 
2.80 
2.30 
2.30 
2.30 
2.80 
2.30 
2.80 
2.30 
2.30 
2.30 
2.80 
2.30 
2.30 
2.30 

2.20 
2.20 
2.20 
2.20 
2.20 
4.00 
3.80 
3.00 
3.00 
8.00 
2.60 
2.60 
8.40 
8.40 
8.40 
2.85 
2.30 
2.80 
2.80 
2.30 
2.80 
2.30 
2.70 
2.70 
2.20 
2.20 
2.20 
2.60 
2.20 
2.20 
2.20 

2.20 
2.20 
2.20 
2.60 
2.25 
2.80 
2.30 
2.56 
2.80 
2.80 
2.80 
2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.80 
2.30 

2.30 
2.80 
2.30 
2.80 
2.30 
2.80 
2.80 
2.80 
2.30 
2.30 
2.30 
2.30 
2.80 
2.80 
2.80 
2.30 
2.80 
2.80 
2.30 
2.30 
2.55 
2.30 
2.65 
8.00 
8.00 
3.00 
8.40 
8.40 
8.40 
3.00 
8.00 

2.80 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.10 
2.10 

3 

2.10 

4 

(«') 

6 

6 . 

V ■■■■■■■ 

8 

9 ! 

10 

11  ' 

12 1 

13 1 

14 ' 

1.3 ! 

16 

;«:::::::::::::?:::::::::::::v:::-: 



19 

' 1 

20 

■ 

21 

1 

22 

23 

24 

25 

26 

2.30 
2.30 
2.30 
2.30 
2.80 
2.30 

27 

28 

29 

30 

31 

1 

a  River  frozen  January  1  to  March  25. 
*  River  frozen  December  4-31,  inclusive. 


IBB  124—05- 
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DEAD  RIVER  NEAR  THE   FORKS,  ME. 

This  tributary  of  the  Kennebec  has  its  headwaters  in  the  mountains 
between  Maine  and  Canada,  and  flows  in  a  general  easterly  direction, 
entering  the  Kennebec  at  The  Forks.  Its  basin  contains  870  square 
miles  and  is  40  miles  in  extreme  length  by  30  miles  in  width,  and  is 
almost  entirely  covered  with  forests.  Through  a  large  portion  of  its 
length  the  river  flows  through  swamps;  in  its  lower  course  it  has  con- 
siderable fall.  The  only  dams  on  the  stream  are  owned  by  the  log- 
driving  companies,  and  the  gates  are  kept  open  after  the  drives  are 
out  of  the  river. 

This  gaging  station  was  established  by  N.  C.  Grover  on  September 
29,  1901.  It  is  located  1^  miles  west  of  The  Forks.  The  measure- 
ments are  made  from  a  car  suspended  from  a  steel  cable.  The  gage  is 
a  vertical  rod  attached  to  a  large  bowlder  on  the  left  bank  about  700 
feet  below  the  cable.  It  is  referred  to  a  bench  mark,  a  copper  bolt  set 
in  a  bowlder  9.6  feet  from  the  gage;  elevation,  7.97  feet  above  zero  of 
the  gage.  The  channel  is  straight  for  500  feet  above  and  below  the 
cable,  and  is  about  225  feet  wide  at  ordinary  stages.  The  banks  are 
rocky  and  are  subject  to  overflow  in  extreme  freshets.  The  bed  is 
rocky  and  permanent.  The  current  is  rapid;  the  lowest  observed 
mean  velocity  is  0.65  of  a  foot  per  second  at  gage  height  0.69.  The 
gage  is  read  twice  daily  by  Jeremiah  Durgin,  jr.,  a  farmer  at  The 
Forks. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  11.  K.  Barrow,  district  hydrographer. 

Discharge  meagaremerds  of  Dead  River  near  The  FbrkSf  Me.,  in  1904* 


Date. 


Hydrographer. 


June  8 

June  9 

June  21 do 

I 

June  21 do 


T 


F.  E.  Pressey 
....do 


July  27... 
August  29 , 


H.  K.  Barrows 
do 


Area  of 
section. 


Sqtiarefect. 
900 
1,780 
444 
453 
349 
376 


Mean 
velocity. 


Ft.  per  sec. 
3.86 
8.57 
1.48 
1.49 
.80 
.98 


heSft.      I>i»ebanre. 


Feet. 
3.00 
6.35 
1.05 
1.05 
.72 
.78 


Second'Jed. 
3,470 
15,300 
655 
676 
279 
370 


BARROWS 
AND  HOYT 


.] 
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Mean  daily  gage  height,  in  feet,  of  Dead  Hiver  near  The  Forks,  Me.,  for  1904' 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.15 
4.90 
5.35 
5.40 
6.85 
5.26 
4.65 
4.45 
4.15 
4.75 
5.15 
4.55 
4.25 
4.05 
5.60 
4.30 
4.60 
4.16 
6.15 
5.55 
5.65 
5.45 
4.80 
4.65 
2,85 
3,06 
5.40 
2.90 
4.85 
2.75 
1.96 

2.25 
2.46 
4.15 
3.45 
2.45 
4.65 
3.45 
4.65 
4.75 
4.50 
3.75 
3.45 
2.60 
2.10 
1.80 
1.50 
1.40 
1.20 
1.05 
1.05 
1.06 
1.10 
1.15 
1.20 
1.35 
1.45 
1.45 
1.35 
1.20 
1.10 

1.05 

1.20 

1.45 

1.70 

1.55 

1.40 

1.25 

1.20 

1.00 

1.00 

1.10 

1.40 

1.60 

1.60 

1.30 

1.15 

1.00 

1.05 

.95 

.96 

.95 

.95 

.85 

.85 

.75 

.76 

.65 

.65 

.76 

.85 

.96 

0.95 
.95 
.85 
.85 
.80 
.75 
.75 
.65 
.65 
.65 
.75 
.75 
.85 
.95 
.96 
.85 
.85 
.85 
.85 
.75 
1.15 
1.65 
1.70 
1.60 
1.05 
.90 
.80 
.75 
.75 
.75 
.75 

0.75 
.75 
.75 
.85 
1.25 
1.45 
1.80 
1.20 
1.06 
1.06 
.95 
.95 
1.06 
1.25 
1.60 
1.80 
1.70 
1.50 
1.85 
1.45 
1.35 
1.85 
1.85 
1.26 
1.25 
1.40 
1.60 
1.66 
1.75 
1.85 

2.15 
8.05 
8.00 
2.70 
2.60 
2.55 
2.26 
1.70 
1.40 
1.85 
1.25 
1.25 
.1.15 
1.25 
1.15 
1.16 
1.26 
1.16 
1.15 
1.15 
1.70 
2.15 
2.56 
2.76 
2.60 
2.40 
1.85 
1.65 
1.60 
1.40 
1.35 

1.85 
1.85 
1.86 
1.26 
1.20 
1.15 
1.15 
1.25 
1.26 
1.25 
1.20 
1.16 
1.15 
1.15 
1.06 
1.05 
1.15 
1.16 
1.06 
1.05 
1.05 
1.05 
1.05 
1.06 
1.05 
1.05 

.96 
1.00 
1.00 

.95 

0.96 

2 

.96 

3 

.95 

■ 

4 

1.06 

5                     

4.95 

1.06 

6 

1.15 

7...........................  ........ 

1.16 

R - . 

1.15 

9 

10 

11 

12 

13             

(") 
2.85 

2.05 

3.25 

3.35 

8.35 

2.35 

2.20 

1.95 

1.80 

1.85 

1.85 

1.85 

1.95 

2.05 

2.35 

2.50 

8.80 

3.00 

3.85 

6.05 

4.45 

1.25 
1.40 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

•26 

27 

28 

29 

30 

31 

a  Riyer  clear  of  Ice  April  9. 

fr  River  frosen  over;  anchor  ice  aflects  gage  readings.    No  readings  during  frozen  period. 


GARRABAS8ETT   RIVER  AT   NORTH  ANSON,  ME. 

This  river  enters  the  Kennebec  from  the  west  at  North  Anson.  Its 
basin  has  steep  slopes,  partly  in  farm  lands,  with  no  large  natural 
reservoirs.  Dams  have  been  constructed  and  power  used  at  New 
Portland,  East  New  Portland,  and  North  Anson. 

This  gaging  station  was  established  on  October  19,  1901,  by  N.  C. 
Grover.  It  is  located  above  Embden  Brook  and  below  Anson  Brook. 
The  drainage  area  is  340  square  miles  at  this  point.  Gagings  are 
made  by  wading  at  low  stages  or  from  a  bo»  ^  at  high  stages  of  the 
river.  There  are  two  gages.  One  is  a  vertical  rod  attached  to  a  tree; 
the  other  is  a  standard  chain  gage  attached  to  trees  on  the  bank;  length 
of  chain,  36.73  feet.  The  datum  of  the  two  gages  is  the  same,  and  is 
referred  to  two  bench  marks:  (1)  Point  on  root  of  a  blazed  spruce 
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tree  40  feet  from  the  vertical  gage;  elevation,  10.78  feet.  (2)  Copper 
bolt  set  in  a  large  bowlder  at  the  outlet  of  Anson  Brook;  elevation, 
11.40  feet.  The  channel  is  straight  500  feet  above  the  station  and  300 
feet  below,  and  is  about  150  feet  wide,  divided  into  two  parts  at  low 
stages  of  the  river  by  a  gravelly  bar.  The  bed  is  of  coarse  gravel 
and  permanent.  Observed  mean  velocities  range  from  3.35  feet  per 
second  at  gage  height  2.68  feet  to  0.93  of  a  foot  per  second  at  gage 
height  0.60  foot.  The  gage  is  read  once  daily  by  N.  Q.  Hilton,  a 
farmer  at  North  Anson. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  of  Carrabassett  River  at  North  Anson,  Me.,  190^-1904. 


Date. 


1902. 

June  27 

July  30 

October  30.. 
October  30. . 
October  31 . . 
November  1 . 
November  2. 
November  1 , 
November  3. 


1903. 
May  26 

July  17.. w... 

August  15 

September  23 
Novembers.. 

1904. 
August  30 


Hydrographer. 


N.  C.  Grover . 
F.  E.  Preesey. 

do 

do 

do , 

do 

do 

do 

do 


N.  C.  Grover . 
F.E.  Preesey, 

do 

N.  C.  Grover . 
F.E.  Preesey, 


Area  of 
section. 


H.  K.  Barrows 


Square/eet. 
1,330 
203 
564 
632 
468 
388 
326 
379 
314 


151 

264 

215 

42 

94 

100 


Mean 
velocity. 


Ft.  per  tec. 
3.14 
.95 
3.21 
3.35 
2.99 
2.91 
2.71 
2.86 
2.71 

1.38 
1.33 
1.39 
1.81 
1.76 

1.54 


Gage 
tieighl 


hei^t. 


Feet. 
4.30 
.60 
2.47 
2.67 
1.99 
1.69 
1.42 
1.60 
1.35 

.45 
.90 
.71 
.15 
.30 

.40 


DiBChaige. 


Second-feeL 
4,170 

192 
1,810 
2,120 
1,370 
1,130 

882 
1,080 

851 

208 
848 
300 
76 
165 

154 


BAKK0W8 
AND   HOYT. 


] 
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Mean  daily  gage  height,  in  feet,  of  Carrabassett  Rii^er  at  North  Auboti,  Me. ,  for  1904* 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.  1 

Oct. 

Nov. 

Dec. 

1 

7.8 
4.9 
4.0 
4.2 
4.4 
3,7 
3.8 
2.6 
2.4 
9.5 
6.8 
4.6 
8.5 
2.9 
2.4 
11.8 
6.6 
4.1 
8.3 
4.4 
3.1 
2.5 
2.2 
2.0 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
1.0 

0.9 

.9 

.8 

.8 

.8 

1.1 

2.3 

1.8 

1.6 

1.3 

1.1 

.9 

.8 

.7 

.6 

.5 

.5 

.6 

.4 

.4 

.3 

.8 

.5 

.6 

.4 

.6 

.4 

.3 

.1 

.2 

0.4 

.8 

1.0 

.9 

.6 

.6 

.7 

.6 

.4 

.3 

.3 

2,3 

1.5 

1.9 

1.4 

1.1 

.8 

.7 

.6 

.4 

.4 

.3 

.3 

.2 

.8 

.8 

.2 

.9 

1.8 

1.4 

.9 

1 

0.7 

•  • 
■  U 

•  • 

•  • 

•  ■ 

.6 

1.8 

1.2 

.9 

.9 

.8 

.7 

.6 

.5 

.4 

2.7 

1.6 

1.8 

1.0 

.8 

.7 

.5 

.5 

.5 

.4 

'          .4 

1 

0.8 
.8 
.8 
.6 
.7 
.5 
.4 
.4 
.3 
.3 
.3 
.3 
.4 
.3 
.9 
1.9 
1.8 
1.0 
.9 
.9 
.9 
.9 
.8 
.7 
.6 
.4 
.4 
.4 
.7 
2.8 

1 

2.1 

1.8 

1.4 

1.2 

1.0 

.9 

.9 

.8 

.8 

.8 

.7 

.7 

.7 

.8 

.8 

.8 

.7 

.7 

.7 

.6 

.6 

.4 

2.5 

1.9 

1.6 

1.4 

1.9 

1.6 

1.5 

1.3 

1.2 

1.1 

1.1 

1.0 

1.0 

1.0 

.8 

.8 

.8 

.7 

.8 

.8 

.8 

.6 

.7 

.9 

.8 

.7 

.8 

.9 

.9 

.7 

1.2 

.9 

.8 

.9 

1.0 

.9 

.7 

.8 

.8 

0.8 

2 ' 

.8 

3 

1.0 

4 ai.9 

5 

1.1 
.9 

6 

^a   •*■••■ 

.8 

7 

1.0 

« 

.8 

9 

.7 

10 ' 

4.7 
5.2 
4.1 
3.3 
2.7 
2.2 
1.9 
1.6 
1.7 
1.8 
2.8 
2.5 
2.3 
2.6 
3.2 
3.9 
3.4 
3.7 
3.4 
4.7 
7.1 

.7 

11 

.7 

12 

.7 

13 

14 

.6 

.7 

15 

.6 

16 

.7 

17 

.7 

18 

.6 

19 ' 

.7 

20 ■ 

.7 

21 

.7 

22 ! 

.7 

23 

.8 

24 

.8 

2S i 

26 

.8 
.7 

27 

.8 

1 

2S 

.9 

29 

30 ! 

.9 
.9 

31 ' 

.9 

1 

a  Gage  reading  to  water  surface  in  kiole  cut  in  ice  at  gage;  otherwise  no  readings  during  frozen 
season. 
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Rating  table  for  Carrahassett  River  at  North  Anson,  Me.,  from  Novejnber  J,  1901^  to 

December  SI,  1904, 


Gage 
height. 

Diflchaxge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

'     Gage 

,   height. 

1 

Discharge. 

Feet 

Sewnd-feet. 

Ftet. 

Second-feeL 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.1 

60 

1.5 

965 

2.9 

2,325 

4.6 

4,575 

.2 

96 

1 

1.6 

1,050 

3.0 

2,450 

4.8 

4,845 

.3 

135 

1.7 

1,135 

3.1 

2,580 

5.0 

5,115 

.4 

177 

1.8 

1,225 

3.2 

2,710 

5.2 

5,385 

.5 

223 

1.9 

1, 315 

3.3 

2,840 

5.4 

5,655 

.6 

272 

2.0 

1,405 

3.4 

2,970 

5.6 

6,925 

.7 

327 

1 

2.1 

1,495 

3.5 

3,100 

5.8 

6,195 

.8 

392 

2.2 

1,585 

.      3.6 

3,230 

6.0 

6,465 

.9 

464 

2.3 

1,680 

3.7 

3,360 

6.5 

7,140 

1.0 

542 

2.4 

1,775 

3.8 

3,495 

7.0 

7,815 

1.1 

625 

2.5 

1,875 

3.9 

3,630 

8.0 

9,165 

1.2 

710 

2.6 

1,980 

4.0 

3,765 

9.0 

10, 515 

1.3 

795 

2.7 

2,090 

4.2 

4,035 

10.0 

11,865 

1.4 

880 

1 

2.8 

2,206 

4.4 

4,305 

11.0 

1 

13, 215 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
12  discharged  measurements  made  during  1902  to  1904.  It  is  well  defined  between 
gage  heights  0.2  feet  and  2.5  feet.  Above  2.5  the  curve  depends  on  one  measurement 
at  4.3  feet.  The  table  has  been  extended  beyond  these  limits.  Above  3.7  feet  the 
rating  curve  is  a  tangent,  the  difference  being  135  per  tenth. 

Estimated  monthly  discharge  of  Oarrabassett  River  at  North  Anson,  Me.,  for  1904, 

[Drainage  area,  340  square  miles.] 


Month. 


April  10-30 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


Discharge  in  second-feet. 

Rnn-oir. 

Maximum. 

Minimum. 

Mean. 
2, 913 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

7, 950 

I,a50 

8.57 

6.*)9 

13,  690 

542 

3, 574 

10.5 

12.1 

1,680 

60 

404 

1.19 

i.:« 

1,680 

96 

440 

1.29 

1.49 

2,090 

177 

404 

1.19 

1.  M 

2,  205 

135 

379 

1.11 

1.24 

1,875 

177 

670 

1.97 

2. 27 

710 

272 

438 

1.29 

1.44 

625 

272 

384 

1.13 

1.30 

BASBOWB 
AND  BOYT 
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BANDY   RIVER  NEAR  MADISON,  ME. 

This  stream  rises  near  Rangeley  Lake,  flowing  first  southeasterly, 
then  in  the  last  third  of  its  course  flowing  northeasterly  into  Ken- 
nebec River  about  2  miles  below  the  village  of  Madison.  It  has  a 
total  length  of  about  50  miles,  and  while  there  are  a  few  small  ponds 
in  its  basin,  its  storage  capacity  is  small,  and  the  flow  is  quite  variable. 
It  resembles  very  much  in  this  way  Carrabassett  River — the  slopes 
being  usually  steep  and  the  fall  very  rapid  throughout  the  greater 
part  of  its  course.  Comparatively  few  water-power  developments 
have  been  made,  namely,  at  New  Sharon,  Farmington,  and  at  the 
point  described  below  near  Madison. 

This  station  was  established  March  23,  1904,  by  F.  E.  Pressey.  It 
is  located  at  the  dam  of  the  Madison  Electric  Works  just  over  the 
town  line  in  Stark,  but  is  nearest  Madison  post-office.  The  drainage 
area  at  this  point  is  about  650  square  miles.  The  dam  rests  on  ledge 
rock,  has  a  fairl}'  level  crest,  341.4  feet  in  length  between  vertical 
abutments.  The  crest  is  1  foot  wide  on  top,  sloping  from  the  upstream 
edge,  4.75  horizontal  to  1.25  vertical,  while  the  downstream  face  of 
the  dam  is  vertical.  The  level  top  is  of  dressed  stone  (6-cut),  while 
the  remainder  is  quarry  faced,  but  care  has  been  taken  to  leave  no 
considerable  projection  on  the  approach  to  the  crest.  Provision  has 
been  made  for  the  installation  of  dashboards  when  necessary.  The 
head  developed  by  the  dam  is  about  15  feet,  which  is  used  in  a  power 
development  on  the  right  bank,  consisting  of  a  head  bay  nearly  100 
feet  long,  decreasing  in  width  from  40  to  20  feet  at  the  racks,  and  one 
pair  of  36-inch  McCormick  turbines  (rated  at  Holyoke)  with  complete 
arrangements  for  a  second  pair  if  found  necessary.  This  plant  is 
owned  by  the  Madison  village  corporation,  and  is  used  for  furnishing 
light  and  power.  The  pondage  extends  back  something  like  2  miles, 
but  there  is  no  side  flowage.  When  water  is  more  than  3  feet  deep  on 
the  dam,  the  crest  is  increased  in  length  about  87.5  feet  by  flowing 
over  the  wall  of  the  fore  bay.  The  wheels  and  generators  are  in  opera- 
tion only  during  the  night,  so  that  the  discharge  has  been  based  upon 
a  gage  height  read  late  in  the  afternoon  just  before  starting  up;  and 
it  is  believed  that  the  pondage  effect  has  been  wholly  eliminated  in 
this  way. 

A  plain  vertical  staff  gage  was  first  fastened  to  the  retaining  wall  of 
the  dam;  the  elevation  of  the  100-foot  mark  at  the  gage  being  equal 
to  the  elevation  of  the  crest  of  the  masonry  dam.  This  has  been  super- 
seded, however,  by  a  float  gage  referred  to  the  same  datum  and  installed 
through  the  courtesy  and  assistance  of  C.  S.  Humphreys,  C.  E.,  of 
Madison,  engineer  in  charge.     At  the  same  time  another  float  gage 
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was  placed  to  record  the  height  of  water  in  the  tailrace,  so  that  in  case 
it  becomes  necessary  to  use  the  turbines  in  estimating  flow,  records  of 
the  head  on  the  wheels  may  be  obtained.  The  gages  are  referred  to 
the  following  bench  mark:  A  point  inclosed  by  a  circle  on  the  north 
side  of  the  wing  wall,  about  22.8  feet  from  its  end  at  the  dam,  marked 
"B.  M."  Its  elevation  is  102.98  feet  above  gage  datum.  The  gages 
are  read  twice  daily  by  Marcus  W.  Moore,  electrician  at  the  station. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

MESSALONSKEE   RIVER  AT  WATERVILLE,    ME. 

This  river  enters  the  Kennebec  from  the  west  at  Waterville.  It  has 
a  total  drainage  area  of  208  square  miles,  of  which  30  square  miles  are 
lake  surface.  Messalonskee  Lake,  which  is  the  nearest  of  these  to  the 
mouth  of  Kennebec  River,  has  a  fall  of  about  210  feet  in  a  distance 
of  10  miles,  which  is  practically  all  utilized. 

The  United  States  Geological  Survey  has  maintained  a  gage  at  the 
dam  of  the  Chase  Manufactui'ing  Company,  in  Waterville,  since  June 
18,  1903.  The  drainage  area  at  this  point  is  about  205  square  miles. 
A  vertical  staff  gage  is  fastened  to  the  wheel  pit,  just  above  the  dam. 
The  zero  of  the  gage  corresponds  to  the  level  of  the  crest  of  the  dam 
and  is  referred  to  a  bench  mark  as  follows:  Copper  bolt  in  ledge  on 
opposite  side  of  the  river  from  the  end  of  the  dam;  elevation,  14.51 
feet  above  the  crest  of  the  dam.  The  dam  is  a  new  crib,  without  leak- 
age, and  with  a  good  crest.  Generally  the  water  is  not  used  for  power 
purposes  at  night,  and  the  gage  is  read  while  the  wheels  are  not  run- 
ning. At  other  times  the  amount  of  water  used  through  the  wheels 
is  added  to  that  which  flows  over  the  dam.  Flashboards  are  maintained 
during  low  stages  of  the  river.  The  gage  is  read  once  a  day  by  Ernest 
E.  Bowie,  watchman  at  the  mill. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  h3^drographer. 
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Mean  daily  discharge,  in 

second-feet,  of  Messalonskee  River  at  WatermUe,  Me, 

.,  for  1904. 

Date. 

Mar. 

Apr. 

408 
336 
292 
360 
132 
533 
559 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

273 
314 

126 
149 
134 
144 
149 
157 

85 
118 
126 
126 
134 
126 
131 
113 

86 
118 
126 
134 
126 
134 
200 
126 
144 
126 
126 
126 
134 

90 
126 
126 

96 

105 
118 
118 
96 
90 
la*) 

149 
118 
105 
90 
96 
105 

118 

118 

113 

118 

126 

105 

118 

85 

77 

85 

64 

69 

85 

106 

106 

90 

90 

86 

86 

90 

90 

96 

106 

106 

118 

126 

118 

90 

77 

86 

118 

2 ' 

118 

3 

273 
251 

126 

4 

77 

5 

229 
251 
273 

64 

6 

69 

7 r 

113    90 
118    90 
118    77 

64 

8 

9 

533 
615 
899 
810 
810 

408 
383 
314 
292 
336 
212 
292 
251 

273 
2» 
212 
149 
244 
177 
251 
251 

59 

77 

10 

126 

77 

77 

96 

96 

118 

218 

149 

118 

105 

118 

105 

90 

85 

90 

90 

96 

61 

69 

105 

90 

85 

90 

90 

96 

90 

90 

64 

64 

69 

64 

86 

64 

184 

200 

134 

118 

105 

118 

134 

118 

118 

118 

90 

11 

64 

77 

13 

14 

15 

205 
360 
336 
301 
284 
251 
273 
230 
260 
273 
587 
724 
724 
697 
607 
883 
360 
408 
432 

870 
811 
724 
642 
559 
615 
612 
612 
642 

90 
64 
64 

205   a  64 
251    105 

77 

17 

54 

18 

212 
183 
193 
205 
193 

134 
157 
134 
200 
185 
157 
134 
118 
167 
149 
167 
183 
157 
105 

64 

19 

54 

64 

21 

41 

22 

64 

28 

'■ 

177 
278 
251 
229 
.  244 
244 

41 

24 

41 

25 

1 

106 

26 

1 

90 

27 

1 

77 

1 
1 

46 

29 

251 
251 

54 

30 

64 

31 

64 

a  12-inch  flashboards  on  from  July  16  to  December  31,  inclusive. 
C0BB08SEEC0NTEE  RIVER  AT  GARDINER,    ME. 

Cobbosseecontee  River  drains  a  group  of  lakes  lying  from  6  to  16 
miles  westerly  from  Augusta,  having  areas  aggregating  19  square  miles, 
and  empties  into  the  Kennebec  6  miles  below  that  city  at  Gardiner. 
Its  total  drainage  area  is  about  240  square  miles.  From  the  ordinary 
surface  of  Lake  Maranacook,  one  of  the  upper  lakes,  to  mean  tide  at 
the  mouth  of  the  river  the  fall  is  206  feet,  and  in  the  lower  three- 
fourths  of  a  mile  it  is  said  to  be  136  feet.  From  above  the  uppermost 
of  the  8  dams  controlled  by  the  Gardiner  Water  Power  Company, 
which  are  in  the  latter  three-fourths  of  a  mile,  the  municipal  water 
supply  for  Gardiner  is  drawn  and  pumped  by  water  power.  Record 
is  kept  of  the  water  pumped  and  of  the  water  that  passes  the  dam 
through  a  waste  gate.  The  sum  of  these  quantities  represents  the  yield 
of  the  drainage  area  at  the  upper  dam,  records  of  which  have  been 
kept  by  the  Gardiner  Water  Power  Company  for  a  series  of  years,  and 
have  been  furnished  to  the  Survey  by  their  engineer,  A.  H.  Twombly. 
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The  record  for  1904  is  presented  in  the  accompanying  table.  On 
Sundays  and  legal  holidays  the  gates  are  closed  and  no  water  is  per- 
mitted to  run,  unless  the  lakes  are  full.  This  is  a  most  remarkable 
example  of  the  regularity  of  flow  that  can  be  obtained  with  proper 
storage. 

Mean  daily  discharge^  in  second-feet,  of  Cbbbosseecontee  River  at  Gardiner,  Me.,  for  1904. 


Day. 


1. 
2. 
3. 
4. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17., 
18. 
19. 

ao. 

21. 

22., 

23.. 

24. 

26. 

26.. 

27. 

28.. 

29.. 

SO.. 

31  . 


Jan. 

Feb. 
180 

Mar. 

200 

160 

200 

180 

160 

00 

180 

160 

200 

180 

200 

200 

180 

200 

200 

180 

00 

200 

00 

220* 

200 

160 

250 

200 

160 

260 

00 

160 

280 

200 

160 

290 

180 

160 

280 

180 

160 

186 

180 

00 

280 

180 

160 

280 

180 

160 

280 

00 

160 

280 

180 

130 

260 

180 

125 

280 

180 

125 

00 

180 

00 

280 

180 

120 

280 

180 

135 

280 

00 

160 

280 

180 

160 

887 

180 

160 

494 

180 

160 

649 

180 

00 

564 

180 

160 

629 

180 

329 

00 



280 

Apr. 

280 
280 
00 
280 
280 
286 
306 
286 
320 
682 
618 
497 
399 
270 
276 
276 
270 
270 
270 
260 
372 
462 
421 
250 
331 
381 
406 
565 
2,652 
2,747 


May.  June. 


2,747 

2,497 

1,859 

726 

351 

283 

280 

393 

500 

956 

1,406 

2,129 

1,699 

1,105 

362 

280 

537 

670 

699 

699 

699 

684 

489 

415 

300 

280 

280 

280 

00 

280 

280 


280 
280 
280 
280 
00 
280 
280 
280 
280 
280 
280 
00 
280 
280 
280 
280 
280 
280 
00 
280 
280 
280 
280 
280 
280 
00 
280 
280 
280 
280 


July. 

280 
280 
30 
29 
280 
280 
280 
280 
280 

00 
280 
280 
280 
280 
280 
280 

00 

280 

280 

280 

265 

265 

265 

00 

265 

265 

265 

266 

265 

266 


Aug. 

266 
265 
266 
266 
265 
265 
00 
265 
266 
265 
265 
266 
265 
00 
266 
265 
265 
265 
265 
265 
00 
266 
266 
265 
265 
265 
266 
00 
266 
265 
266 


Sept. 


265 
266 
266 
00 
265 
265 
265 
265 
265 
266 
00 
265 
265 
265 
265 
265 
265 
00 
265 
265 
266 
266 
265 
265 
00 
265 
265 
265 
265 
00 


Oct. 

265 

00 

266 

265 

266 

266 

265 

266 

00 

266 

250 

250 

250 

250 

250 

00 

250 

250 

250 

260 

250 

250 

00 

250 

250 

250 

250 

250 

250 

200 

250 


Nov.  Dec, 


250 
260 
250 
250 
250 
00 
220 
220 
220 
220 
220 
220 
00 
220 
220 
220 
220 
220 
220 
00 
220 
220 
220 
00 
220 
220 
00 
220 
220  : 
220 


220 
220 
220 

00 
220 
230 
220 
220 
220 
220 

00 
220 
200 
180 
150 
190 
125 

00 
115 
115 
110 
110 
100 
100 
48 
48 
100 
100 
100 
100 
100 


ANDROSCOGGIN  RIVER  DRAINAGE  BASIN. 

Androscoggin  River  is  formed  by  the  junction  of  Magalloway  River 
and  the  outlet  of  the  Umbagog-Rangeley  lakes  near  the  Maine-New 
Hampshire  boundary  line.  For  about  36  miles  it  flows  southward  into 
the  State  of  New  Hampshire,  then  turns  abruptly  to  the  east  and  flows 
into  the  State  of  Maine,  then  turns  to  the  south  and  joins  the  Kenne- 
bec in  Merrymeeting  Bay.  The  last  fall  on  the  Androscoggin  is  at 
Brunswick,  Me.,  above  which  place  the  drainage  area  is  8,470  square 
miles,  about  80  per  cent  of  which  is  in  Maine.  The  greatest  length  of 
the  basin  is  110  miles,  the  greatest  width  70  miles,  while  the  river 
itself  measures  about  200  miles  in  length  from  the  sources  of  Magallo- 


BABBOWB 
AND   HOYT, 


.] 


ANDROBCOaGIN   BIVEB   DRAINAGE    BASIN. 


75 


way  River  to  the  coaat.     The  f  ollowing  table  gives  the  drainage  areas 
of  the  river  and  of  some  of  its  chief  tributaries: 

Drainage  areajf  of  Androscoggin  River  and  principal  trihularies. 


River. 


Locality. 


Aniiroficoggin ,  Immediately  below  junction  of  Umbagog  out- 
let and  Magalloway  River,  at  Erro!  dam. 

Do Berlin 

Do Gorhani 

Do ...    Shelbume 

Do Rumford  Falls 

Do Dixfieid 

Do i  Livermore  Falls. 

Do i  Lewiston  Falls . . 


Dminace 
area. 


Do 

Umbagog  outlet 


Magalloway 

Little  Androecoggin 


Brunswick , 

Immediately  above  junction  with  Magallo- 
way River. 

Mouth 

do 


Square  fnUe$. 
1,090 

1,350 
1,375 
1,500 
2,090 
2,230 
2,550 
2,950 
3,470 
590 

500 
380 


The  lower  part  of  the  basin  is  hilly  and  moderately  wooded,  while 
the  upper  two  thirds  is  broken  and  mountainous,  heavily  timbered^  and 
with  a  gravelly,  sandy  soil.  Granite,  gneiss,  and  mica-schists  abound 
along  the  main  course  of  the  river,  with  clay  slate  in  the  upper  part 
of  the  basin.  The  nver,  like  others  on  the  southern  slopes  of  Maine, 
generally  has  a  rocky  bed,  particularly  where  falls  occur;  has  high 
banks,  and  is  seldom  subject  to  overflow,  all  of  which  are  features  of 
advantage  in  the  development  of  water  powers.  Below  Berlin  the 
facilities  for  rail  transportation  are  excellent.  Tide-water  navigation 
extends  to  the  falls  at  Brunswick. 

The  United  States  Geological  Survey  now  maintains  gaging  stations 
on  this  river  at  Shelburne,  N.  H.,  and  Dixfieid,  Me. 

In  addition  to  these  stations,  data  on  the  flow  of  the  Androscoggin 
River  is  obtained  through  private  parties,  at  the  following  points: 
Errol  dam,  N.  H.;  Gorham,  N.  H.;  and  at  Rumford  Falls,  Me. 

ANDROSCOGGIN  RIVER  AT  ERROL  DAM,  NEW   HAMPSHIRE. 

Four  large  storage  dams  are  maintained  in  the  Umbagog-Rangeley 
Lake  system.  They  are  located  at  the  outlets  of  Rangeley,  Moose- 
lucmaguntic,  Richardson,  and  Umbagog  lakes.  Errol  dam,  at  the  out- 
let of  Umbagog  Lake,  is  the  lowest  of  the  series  and  is  below  the  mouth 
of  Magalloway  River.  The  other  three  dams  control  completely  the 
flow  from  the  basin  above  Richardson  Lake,  aggregating  520  square 
miles  in  area.  Errol  dam  controls  in  part  the  run-off  from  a  total  area 
of  1,090  square  miles,  which  includes  the  area  tributary  to  Richardson 
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Lake  mentioned  above,  but  its  height  is  not  sufficient  to  store  the  total 
freshet  flow. 

The  United  States  Geological  Survey,  cooperating  with  Walter  H. 
Sawyer,  agent  of  the  Union  Water  Power  Company,  Lewiston,  Me. , 
is  making  a  series  of  measurements  of  flow  through  the  gates  at  Errol 
dam.  A  continuous  record  of  gate  openings  is  kept  and  when  a  suf- 
ficient number  of  measurements  have  been  made  to  warrant  the  con  - 
struction  of  a  rating  curve  for  the  gates  a  continuous  record  of  flow  at 
this  point  will  be  available.  The  results  of  these  measurements  are 
not  yet  ready  for  publication. 

ANDROSCOGGIN   RIVER   AT  GORHAM,  N.  H. 

During  the  year  1903  the  Berlin  Mills  Company  constructed  a  tight 
crib  dam  in  Androscoggin  River  at  Gorham.     From  November  27, 

1903,  until  the  end  of  the  year  estimates  of  discharge  were  obtained  by 
means  of  a  rectangular  notch  constructed  in  the  dam,  and  the  records 
furnished  by  H.  S.  Ferguson,  engineer  for  the  company.  (For  which 
see  Water-Supply  Paper  No.  97.)  No  records  of  flow  are  available 
for  1904  at  this  point.     Drainage  area  here  is  1,375  square  miles. 

ANDROSCOGGIN   RIVER  AT  SHELBURNE,  N.  H. 

This  station  was  established  May  30,  1903,  by  N.  C.  Grover.  It  is 
located  at  the  steel  highway  bridge  about  one-half  mile  north  of  the 
railway  station  at  Shelburne.  The  drainage  area  at  this  point  is  1,500 
square  miles.  A  standard  chain  gage  is  attached  to  the  guard  timber 
on  the  downstream  side  of  the  bridge;  length  of- chain,  20.66  feet  when 
gage  was  established.     This  was  changed  to  20.72  feet  on  August  4, 

1904,  owing  to  change  in  flooring  of  bridge  and  consequent  position  of 
gage.  It  is  referred  to  bench  marks  as  follows:  (1)  Marked  point  on 
south  edge  of  most  westerly  cylindrical  pier;  elevation,  17.82  feet 

(2)  Marked  point  on  lower  chord  near  gage;  elevation,  18.77  feet. 

(3)  Highest  point  of  bowlder  near  most  easterly  pier;  elevation,  7.14 
feet.  All  elevations  refer  to  the  datum  of  the  gage.  The  initial  point 
for  soundings  is  on  the  left  bank  of  the  river  at  the  end  of  the  inclined 
end  post  of  the  downstream  truss.  The  channel  of  the  river  is  straight 
for  500  feet  above  and  1,000  feet  below  the  station,  is  about  400  feet 
wide  at  ordinary  stages,  and  is  broken  by  two  piers.  The  bed  of  the 
river  is  sandy  and  usually  permanent,  but  in  case  of  serious  obstnic 
tions  to  the  channel  by  ice  or  logs,  noticeable  changes  take  place.  The 
velocity  is  swift  at  high  stages,  but  becomes  low  and  poorly  distributed, 
with  considerable  obliquit}^  at  medium  and  low  water  conditions,  when 
measurements  are  made  from  a  boat  at  a  point  about  1,000  feet  below 
the  bridge,  where  an  excellent  site  exists  for  gaging.  The  banks  on 
both  sides  are  subject  to  overflow  in  extreme  freshets.  The  gage  is 
read  twice  daily  by  James  Simpson,  postmaster  at  Shelburne. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrograpber. 
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Discharge  measurements  of  Androscoggin  River  at  Shelhwme^  N.  II.,  in  1904* 


Date. 


Hydrographer. 


April  18 
May  12. 
May  25 . 
Jane  15 
July  22. 


August  29«  ... 
November  15  « 


N.  C.  G rover. 
S.  K.  Clapp.. 
N.  C.  G rover. 
8.  K.  Clapp.. 
do 


F.  E.  Pressey 
do 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Discharge. 

Square  feet. 

Ft.  per  sec. 

Feel. 

Second-feet. 

1,010 

2.00 

4.55 

2,020 

2,420 

4.08 

7.65 

9,880 

1,600 

2.61 

5.59 

4,170 

1,280 

1.95 

4.72 

2,500 

953 

1.43 

3.94 

1,360 

650 

2.98 

4.48 

1,940 

510 

.  *■            — 

2.35 

4.22 

1,200 

a  Made  from  boat. 
Mean  daily  gage  height,  in  feet,  of  Androscoggin  River  at  Shelbume,  N.  II.,  for  1904. 


alee  1.25  feet  thick. 
Mce  1.86  feet  thick. 
«  Frozen  over, 
dice  2.9  feet  thick. 
« Ice  8.5  feet  thick. 
/Ice  went  out  during  night. 
fflce  1.9  feet  thick. 
*Ice2.86  feet  thick. 
<Ice2.1  feet  thick. 


i Ice  4.1  feet  thick. 

fclce2..')  feet  thick. 

I  Ice  2.2  feet  thick. 

mice  2.7 feet  thick. 

nice  4.35  feet  thick. 

olce  2.75  feet  thick. 

i»Gage  height  to  top  of  ice=6.65;  ice  2.1  feet  thick. 

Q  Ice  3.1  feet  thick. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

6.70 
7.55 
8.30 
8.60 
8.66 
8.30 
8.50 
8.50 
8.56 
8.36 
8.60 
7.75 
7.30 
6.80 
6.76 
7.00 
7.86 
7.66 
7.60 
7.60 
6.70 
6.25 
6.05 
5.90 
5.70 
6.60 
6.30 
6.36 
5.20 
6.10 
5.10 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.10 
6.00 
4.96 
4.90 
4.90 
4.90 
4.95 
6.00 
4.95 
4.90 
4.90 
4.80 
4.80 
4.70 
4.60 
4.60 
4.50 
4.60 
4.60 
4.60 
4.60 
4.60 
4.56 
4.60 
4.65 
4.70 
4.70 
4.75 
4.80 
4.85 

4.96 
5.00 
6.10 
5.05 
5.10 
6.20 
6.10 
6.05 
5.00 
4.95 
4.85 
4.85 
4.70 
4.66 
4.36 
4.25 
4.35 
4.40 
4.16 
4.20 
4.05 
4.00 
8.95 
4.05 
4.00 
4.10 
4.00 
3.96 
8.95 
4.06 
4.10 

4.00 
4.00 
4.00 
4.05 
4.10 
4.00 
4.10 
4.20 
4.10 
4.10 
4.10 
4.10 
4.20 
4.35 
4.40 
4.40 
4.30 
4.20 
4.15 
4.20 
4.20 
4.15 
4.00 
4.10 
4.10 
4.10 
4.10 
4.20 
4.30 
4.30 
4.40 

4.40 
4.30 
4.35 
4.40 
4.40 
4.40 
4.40 
4.40 
4.30 
4.40 
4.40 
4.46 
4.40 
4.40 
4.40 
4.40 
4.40 
4.45 
4.60 
4.50 
4.40 
•1.46 
4.46 
4.40 
4.60 
4.60 
4.50 
4.50 
4.45 
4.50 

4.40 
4.60 
4.40 
4.40 
4.40 
4.40 
4.36 
4.40 
4.40 
4.60 
4.60 
4.60 
4.40 
4.46 
4.60 
4.40 
4.60 
4.40 
4.40 
4.60 
5.00 
6.00 
4.76 
4.65 
4.65 
4.70 
5.06 
5.10 
4.95 
4.96 
4.80 

4.80 
4.70 
4.65 
4.45 
4.40 
4.36 
4.30 
4.40 
.4.30 
4.40 
4.35 
4.80 
4.30 
4.86 
4.86 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.15 
4.10 
4.20 
4.30 

4.65 

2 

4.70 

3 

a  6. 30 

66.30 

ci.90 

4 

5 

1 

6 

d6.20 

7 

«6.20 

8 

9 

/5.25 
6.35 
6.10 
5.35 

10 

0  6.10 

11 

6.26 

12 

18 

....... 

A6.30 

4"^ 

<6.S0 

14 

i5.40 

'     4.40 

15 

4.60 
4.46 
4.45 
4.60 

16 

17 

ir6.30 

18 

19 



4.70 
4.80 
4.60 
4.60 
4.70 

{6.40 

20 

me.  70 

>• 

21 

"6.20 

22 

1 

23 

24 

0  6.10 

5.00 

2S 

5.70 
5.70 
5.60 
5.80 
7.06 
6.86 

P6.30 

26 

27 

fc8.50 

* 

28 

«6. 40 

29 

30 

31 

96.40 

1 

KoTE.— Gage  heights  dxirlng  frozen  season  are  to  surface  of  water  in  hole  cut  in  ice  under  gai^e. 
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ANDBOSOOOOIK  BIVEB  AT  BUMFORD  FALLS,  ME. 

One  of  the  finest  water  powers  in  the  Atlantic  Coast  drainage  is  at 
Rumford  Falls.  Here  the  Androscoggin  descends  177  feet  in  1  mile 
in  several  pitches  over  gmnite  ledges.  A  comprehensive  plan  of 
development  has  been  laid  out  and  partly  executed.  It  contemplates 
the  use  of  power  from  three  levels — a  high-level  canal,  with  a  fall  of 
97  feet  to  the  middle  level,  which  receives  also  a  direct  and  independent 
supply  of  water  from  the  river.  The  water  in  the  middle-level  canal 
is  then  used  and  discharged  after  a  fall  of  50  feet  into  the  low  level, 
from  which  in  turn  there  is  a  final  drop  of  30  feet  to  the  river.  Dams 
have  been  built  at  the  entrance  of  the  high  and  middle  level  canals. 
At  present  about  19,000-hor8epower  are  utilized,  largely  in  the  manu- 
facture of  pulp  and  paper.  An  economical  development  of  the  entire 
fall  of  177  feet  would  furnish  50,000  horsepower.  This  power  is  85  miles 
by  rail  from  Portland,  and  for  pulp  and  paper  manufacture  has  the 
advantage  of  excellent  transportation  facilities.  Androscoggin  River 
is  used  for  floating  down  pulp  wood  and  timber  from  the  headwaters 
to  the  mills,  and  the  Rumford  Falls  and  Rangeley  Lakes  Railroad, 
extending  into  the  forests  with  its  extension  into  the  Megantic  region, 
makes  available  the  remoter  resources  of  spruce,  poplar,  and  birch. 

The  discharge  of  Androscoggin  River  at  Rumford  Falls  since  1892 
has  been  computed  by  Charles  A.  Mixer,  resident  engineer  of  the 
Rumford  Falls  Power  Company.  These  statistics  are  obtained  by 
adding  the  actual  measured  quantities  passing  through  the  wheels  to 
the  computed  flow  over  the  dam,  using  the  customary  Francis  weir 
formula  with  modified  coefficient.  They  have  been  published  from 
time  to  time  by  the  United  States  Geological  Survey,  and  a  complete 
record  up  to  1902  will  be  found  in  Water-Supply  Paper  No.  69. 

ANDROSCOGGIN  RIVER  NEAR  DIXFIELD,    ME. 

This  station  was  established  August  22, 1902,  by  F.  E.  Pressey.  It 
is  located  about  one-half  mile  west  of  Dixfield,  at  the  highway  bridge 
on  the  road  to  West  Peru.  The  measurements  are  made  from  this 
bridge  or  from  a  boat  at  low  water.  The  initial  point  for  soundings 
is  at  the  lower  end  of  the  inclined  end  post  of  the  downstream  truss 
on  the  left  bank  of  the  river.  The  gage  is  of  the  standard  chain  type; 
the  scale  board  is  nailed  to  the  guard  timber  on  the  lower  side  of  the 
bridge;  length  of  chain,  31.76  feet.  It  is  referred  to  bench  marks 
as  follows:  (1)  Southeast  corner  of  bridge  seat  on  north  abutment; 
elevation,  24.77  feet.  (2)  Copper  bolt  in  ledge  under  east  end  of 
bridge;  elevation,  11.53  feet.  (3)  Top  of  short  post  at  west  hanger 
in  east  span;  elevation,  33.15  feet  when  gage  was  established;  found 
to  be  33.08  feet  on  August  3,  1904;  probably  due  to  settlement  of 
post.  All  elevations  refer  to  the  datum  of  the  gage.  The  channel  is 
straight  for  1,000  feet  above  and  one-half  mile  below  the  station,  and 
is  about  600  feet  wide,  broken  by  three  piers.     The  banks  are  high 
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and  not  liable  to  overflow.  The  bed  of  the  stream  is  rocky  in  the  left 
half  and  sandy  in  the  rifj^ht  half.  The  velocity  is  medium  at  hi^h 
stages,  but  is  poorly  distributed  at  low  water,  when  the  current  is 
sluggish  in  the  right  half.  Under  such  conditions  measurements  are 
made  from  the  bridge  for  only  the  two  left-hand  portions  of  the  chan- 
nel, while  the  remaining  part  is  gaged  by  wading  at  a  point  about  250 
feet  downstream — it  being  possible  to  do  this  on  account  of  a  sandy 
bar  separating  these  two  parts.  The  gage  is  read  twice  daily  by  S.  F. 
Robinson. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

DUcIiarge  measurement  of  Androscoggin  River  near  IHxfiMy  Me.^  in  1904. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gage 
heigbt. 

Discharge. 

Augusts 

H.  K.  Barrows 

Square/^. 
1,200 

Ft.  per  tec. 
1.31 

Feet. 
7.68 

Second-feet. 
1,670 

• 

Mean  daily  gage  height,  in  feet,  of  Androscoggin  River  near  Dixfieldy  Me.,  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8.86 

8.66 

8.70 

8.65 

8.60 

8.90 

9.  SO 

9.26 

10.00 

11.20 

12.00 

10.95 

10.20 

9.65 

9.10 

9.06 

8.80 

8.85 

9.05 

9.50 

9.26 

9.20 

9.45 

9.90 

10.55 

10.85 

10.70 

10.60 

12.25 

13.65 

12.95 

12.46 

12.30 

12.46 

12.30 

12.15 

11.65 

11.66 

11.46 

12.25 

12.10 

11.80 

11.10 

10.65 

10.30 

11.00 

12.06 

11.60 

11.50 

12.35 

11.30 

10.45 

10.10 

9.96 

9.65 

9.50 

9.40 

9.25 

9.10 

8.96 

8.86 

8.80 
8.75 
8.70 
8.60 
8.66 
8.76 
8.96 
8.96 
8.90 
8.80 
8.75 
8.76 
8.70 
8.70 
8.70 

* 

8.60 
8.65 
8.60 
8.50 
8.65 
8.56 
8.66 
8.60 
8.60 
8.60 
8.60 
8.55 
8.66 
8.60 
8.46 

8.60 
8.86 
8.96 
8.85 
8.90 
8.86 
8.65 
8.20 
8.15 
8.10 
8.00 
8.10 
8.16 
8.06 
7.90 
7.96 
7.86 
7.70 
7.80 
7.70 
7.60 
7.66 
7.45 
7.70 
7.80 
7.96 
8.20 
8.20 
8.86 
8.25 
7.80 

7.80 
7.86 
7.75 
7.85 
7.76 
7.70 
7.65 
7.50 
7.66 
7.66 
7.66 
7.66 
7.75 
7.80 
7.50 
7.75 
7.70 
7.60 
7.56 
7.60 
9.06 
8.50 
8.25 
8.00 
7.90 
7.80 
7.70 
7.70 
7.50 
7.66 
7.60 

7.66 
7.46 
7.50 
7.70 
7.60 
7.30 
7.60 
7.60 
7.66 
7.45 
7.55 
7.40 
7.60 
7.70 
8.40 
9.16 
8.50 
8.00 
7.56 
7.66 
7.85 
8.20 
8.05 
7.90 
7.90 
7.90 
8.26 
8.00 
7.90 
8.40 

8.66 
8.46 
8.20 
8.16 
8.05 
7.90 
7.96 
8.00 
7.90 
7.90 
8.06 
8.00 
7.96 
8.00 
7.96 
7.96 
7.66 
8.00 
7.90 
7.86 
7.85 
11.05 
9.46 
8.60 
8.60 
8.66 
9.00 
8.85 
8.60 
8.40 
8.10 

8.26 
8.10 
8.00 
7.96 
8.00 
7.90 
7.90 
8.00 
7.90 
7.96 
7.96 
8.00 
8.00 
7.96 
7.85 
8.05 
7.90 
7.76 
7.90 
7.76 
7.85 
7.96 
7.96 
8.00 
8.06 
8.00 
7.90 
7.90 
7.90 
7.85 

7.90 

2 

09.60 

C9.20 

^9.40 

8.00 

S 

7.70 

4 

7.66 

6 

7.80 

6 

C9.20 

8.10 

7 

<<9.60 

8.10 

8 

69.86 

8.50 

1 

9 

9.10 

10 ' 

10.00 

11 

12 

<i9.70 

<*9.10  MO.  30 

1 

13 

i«9.70 
d9.00 

14 

15 

C9.10 

blO.  10 

«9.40 

16 

/9.50 

17 

«>9.70 

18 

0  9.10 

19 

20 

(79.60 

21 

■  •     • . 

22 

A9.20 

<9.20 

23 

24 

09. 40 

/lO.OO 

25 

26 

lr9.60 

12.25 

11.85 

10.10 

9.16 

8.80 

27 

<9.40 

28 

29 

30 

C9.20 

31 

/9.90 

1 

alee  0.9  foot. 
Mce  1.8  feet. 
0  Ice  1.6  feet. 


dice  1.2  feet. 
« Ice  0.7  foot. 
/Ice  1.3  feet. 


g  Ice  1.4  feet. 
*  Ice  1.7  feet. 
i  Ice  1.6  feet. 


J  Ice  1.1  feet. 

If  Channel  cot  through  at  2  p.  m. 
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PRE8UMPSCOT  RIVER  DRAINAGE  BASIN. 

This  is  one  of  the  most  interesting  as  well  as  one  of  the  best  water- 
power  streams  of  its  size  in  the  United  States.  It  is  the  outlet  of 
Sebago  Lake,  which  lies  about  17  miles  northwest  of  Portland.  The 
lake  is  fed  by  Crooked  River,  a  stream  heading  35  miles  farther  north 
and  within  3  miles  of  the  Androscoggin.  The  area  of  the  lake  is  50 
square  miles,  the  area  of  its  drainage  basin  at  the  outlet  of  the  lake 
420  square  miles,  and  the  total  drainage  area  of  the  river  at  it^  mouth 
600  square  miles.  The  northern  part  of  the  basin  is  mountainous  and 
wooded,  while  the  southern  part  is  moderately  hilly  and  cleared  of 
trees.  Granite,  gneiss,  and  mica  schists  appear  at  many  points,  and 
the  soil  is  gravelly  and  sandy. 

According  to  the  survey  made  by  Joseph  A.  Warren,  of  Cumber- 
land Mills,  the  fall  from  the  crest  of  the  stone  dam  at  the  foot  of 
Sebago  Lake  to  mean  low  tide  at  the  foot  of  the  lower  falls  is  265.16 
feet  in  a  distance  of  21.65  miles,  or  an  average  of  12.25  feet  per  mile. 
In  the  lower  two-thirds  of  this  distance,  or  from  Gambo  Falls  to  tide 
water,  nearlj"  one-half  of  the  whole  fall,  or  132  feet,  has  been  developed, 
and  an  aggregate  probably  exceeding  6,000  net  horsepower  is  in  use. 
The  remainder  of  the  fall,  however,  between  Gambo  Falls  and  Sebago 
Lake,  amounting  to  133  feet,  is  either  unimproved  or  but  slightly 
utilized.  At  Great  Falls,  in  this  stretch,  there  is  a  descent  of  22  feet, 
which  has  been  used  in  the  past  but  is  now  idle.  It  is  proposed,  how- 
ever, to  employ  the  power  in  the  generation  of  electricity  for  deliver^' 
in  Portland. 

The  tributaries  of  Presumpscot  River  are  not  of  much  importance, 
but  some  of  them  are  outlets  of  ponds  and  have  considerable  fall, 
thus  affording  constant  though  small  power.  Crooked  River,  the 
chief  feeder  of  Sebago  Lake,  has  a  number  of  falls,  some  of  which 
are  utilized. 

The  chief  interest  attaching  to  the  river  is  its  regularity  of  flow, 
which  is  due  to  dams  at  the  outlet  of  the  lake.  Nowhere  in  the 
United  States  is  there  a  better  example  of  the  success  of  storage  of 
water  and  regulation  of  the  flow  of  a  stream  than  on  the  Presumpscot. 

PRESUMPSCOT   RIVER  AT  OUTLET  OF  SEBAGO  LAKE,  MAINE. 

Since  January,  1887,  the  flow  from  Sebago  Lake  has  been  regularly 
recorded,  the  quantity  being  deduced  from  the  openings  in  the  gates 
at  the  dam,  the  discharging  capacity  of  which  under  different  condi- 
tions of  head  has  been  determined  and  tabulated  by  Hiram  F.  Mills,  of 
Lowell.  Since  January,  1872,  a  continuous  recorf  of  the  level  of  the 
lake  surface  has  been  kept.  An  unusually  complete  and  valuable  series 
of  data  has  thus  been  obtained,  which  has  been  furnished  to  the  United 
States  Geological  Survey  by  S,  D,  Warren  &  Co,     The  lake  fills  rap- 
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idly  after  March  1,  attaininpf  its  maximum  height  between  April  15 
and  June  1,  and  then  gi-adually  subsides  as  water  is  withdrawn  for 
mill  purposes,  until  a  minimum  stage  is  reached,  sometimes  in  the 
autumn,  but  usually  in  the  winter.  The  records  of  the  daily  discharge 
of  the  river  at  the  outlet  of  the  lake,  published  in  Water-Supply 
Paper  No.  69,  show  the  remarkable  uniformity  of  flow,  which,  as 
already  stated,  is  due  largely  to  artificial  regulation.  On  Sundays  the 
gates  are  closed,  so  that  only  the  waste  is  allowed  to  reach  the  river. 

Mean  daily  diacharge,  in  gecond-feel,  of  Pregump9COt  River  at  outlet  of  Sebago  Lake,  Maine, 

for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

078 
678 
617 
617 
617 
617 
617 
617 
617 
583 
683 
583 
588 
583 
583 
683 
533 
533 
533 
533 
633 
583 
533 
600 
500 
600 
500 
600 
600 
600 

500 
600 
600 
600 

600 
500 
450 
450 
460 
450 
450 
460 
450 

333 
■250 
325 
875 
398 
427 
417 
377 
417 
388 
....... 

870 
450 
440 
480 
487 
417 
437 
435 
422 
452 
468 
447 
250 
472 
522 
566 
668 
531 
537 
250 
524 
594 
628 
569 
437 
504 
800 
443 
498 
662 
681 

689 
604 
800 
662 
601 
581 
571 
596 
587 
300 
524 
581 
505 
560 
622 
669 
300 
601 
658 
501 
663 
648 
650 
833 
680 
664 
681 
662 
681 
588 

838 
638 

627 
644 
648 
627 
709 
833 
678 
720 
780 
722 
784 
599 
333 
769 
720 
695 
694 
684 
688 
333 
676 
682 
680 
702 
708 
789 
0 
79 
686 

712 
786 
728 
687 
338 
701 
720 
728 
727 
718 
781 
338 
713 
789 
742 
743 
743 
706 
333 
753 
693 
718 
694 
673 
696 
333 
655 
694 
657 
661 

724 
719 
888 

367 
687 
675 
675 
680 
668 
833 
628 
674 
702 
700 
701 
659 
883 
678 
641 
645 
614 
604 
526 
333 
658 
696 
690 
648 
619 
606 
833 

640 
627 
627 
618 
630 
753 
333 
633 
642 
629 
617 
609 
601 
333 
598 
578 
641 
640 
685 
639 
833 
615 
685 
650 
792 
763 
600 
333 
655 
805 
780 

757 

745 

784 

883 

767 

747 

722 

725 

796 

570 

383 

787 

745 

645 

682 

653 

648 

883 

718 

632 

615 

666 

658 

688 

838 

770 

683  ' 

660 

649 

663 

642 
888 

705 
681 
678 
676 
653 
647 
833 
668 
682 
685 
668 
670 
688 
338 
708 
663 
670 
673 
622 
658 
383 
698 
665 
679 
668 
668 
635 
833 
677 

688 
694 
694 
687 
696 
500 
761 
687 
687 
670 
682 
687 
706 
667 
765 
702 
700 
688 
690 
858 
655 
673 
675 
677 
697 
603 
858 
718 
668 
665 

660 

2 

647 

8 

642 

4 

858 

5 

625 

6 

655 

7 

635 

8 

666 

9 

552 

10 

648 

11 

360 

12 

603 

18 

602 

14 

593 

15 

588 

16 

582 

17 

567 

18 

322 

19 

20 

567 
570 

21 

570 

22 

587 

28 

540 

24 

533 

475 

26 

470 

495 

28 

637 

29 

443 

80 

500 

602 

*■ ""'"I 

SACO  RIVER  DRAINAGE  BASIN. 

This  river  receives  its  headwaters  from  the  valleys  and  slopes  of 
the  White  Mountains  at  elevations  of  4,000  to  5,000  feet.  It  drains 
an  area  of  1,720  square  miles,  of  which  900  square  miles  lie  in  New 
Hampshire  and  the  remainder  in  Maine.  The  slopes  at  the  head- 
waters are  very  steep,  with  no  lake  storage.  In  the  lower  river  are 
many  good  water  powers,  part  of  which  are  in  use.    The  upper  por- 
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tions  of  the  basin  are  generally  in  forest,  but  much  of  the  large  growth 
has  been  cut,  and  over  large  areas  the  evergreen  trees  have  been 
entirely  removed.  In  the  lower  basin  are  many  farms  and  villages. 
The  underlying  rock  is  generally  granite,  appearing  at  the  surface  in 
many  mountain  summits. 


SACO  RTVBR  NEAR  CENTER  CONWAT,  N.  H. 

This  station  was  established  August  26,  1903,  by  N.  C.  Grover.  It 
is  located  at  the  wooden  highway  bridge  between  Center  Conway  and 
Redstone,  about  2  miles  from  each  place.  The  drainage  basin  at  this 
point  has  an  area  of  385  square  miles.  A  standard  chain  gage  is 
attached  to  the  floor  of  the  bridge;  length  of  chain,  30.44  feet.  It  is 
referred  to  bench  marks  as  follows:  (1)  Marked  point  on  lower  chord 
of  bridge  near  gage;  elevation,  27.72  feet.  (2)  South  end  of  top  of 
west  abutment;  elevation,  25.14  feet.  The  channel  is  straight  for 
2,000  feet  above  and  300  feet  below  the  station,  and  is  about  200  feet 
wide  at  ordinary  stages,  broken  by  one  pier.  The  banks  are  high  and 
are  not  liable  to  overflow,  except  in  very  extreme  freshets.  The  bed 
is  of  sand  and  gravel  and  is  permanent.  At  low  water  the  observed 
mean  velocity  is  small,  being  1.18  feet  per  second  at  gage  height  4.3. 
Low-water  measurements  are  usually  made  by  wading  about  400  feet 
above  the  bridge,  where  a  mean  velocity  of  1.22  feet  per  second  was 
observed  at  gage  height  3.92.  The  gage  is  read  twice  daily  by  Albert 
P.  Davidson. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measuremenis  of  Saco  River  near  Center  Conway,  N.  H.,  in  1903  and  1904' 


Date. 


1903. 
Aug.    26 
27« 
Sept.    19« 

1904. 
Apr.    19 
May     2 
13 
26 
June   14 
July    21o 
Aug.     9 
Oct.     lla 
lla 


Hydrographer. 


H.  K.  Barrows. 

do 

do 


N.  C.  Grover... 
S.  K.  Clapp.... 

do 

N.  C.  Grover... 

S.  K.  Clapp 

do 

do 

T.  W.  Norcross 
do 


Width. 

Area  of 
section. 

Square  feet. 

167 

429 

277 

294 

275 

295 

227 

738 

251 

1,477 

235 

986 

224 

740 

144 

417 

230 

119 

200 

141 

2S0 

320 

280 

321 

Mean 
velocity. 


Ft.  per  sec. 
1.18 
1.30 
1.22 

2.20 
3.88 
2.83 
2.12 
1.17 
1.27 
1.31 
1.14 
1.14 


heIgL\   !  I>»»charge. 


J!^et. 
4.31 
4.13 
3.92 

6.87 
9.00 
7.00 
5.76 
4.11 
3.39 
3.45 
3.88 
3.92 


Seeond-fetL 
504 
382 
359 


1,623 

5,730 

2,786 

1,567 

488 

151 

185 

365 

366 


a  At  wading  section. 
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Mean  daUy  gage  hetght,  in  feet,  of  Saco  River  near  Center  Conway ^  N.  If.,  for  1904^ 


Day.            Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jhne. 

4.70 
4.65 
4.58 
4.62 
4.52 
4.68 
4.?2 
4.61 
4.47 
4.38 
4.28 
4.20 
4.15 
4.12 
4.07 
4.05 
8.58 
3.92 
3.84 
3.83 
3.75 
3.88 
3.95 
3.83 
8.75 
3.70 
3.70 
3.65 
3.71 
3.70 

July. 

4.10 
4.38 
4.18 
3.96 
3.84 
3.78 
3.74 
8.66 
3.62 
3.58 
3.57 
3.60 
3.70 
3.62 
S.  ijo 
3.54 
3.45 
3.46 
8.42 
3.42 
3.40 
3.88 
3.38 
3.40 
8.46 
3.52 
3.56 
3.74 
3.58 
3.61 

3.48 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.75 
5.60 
5.55 
5.80 
5.28 
6.75 
6.18 
5.98 

9.90 
9.22 
8.60 
8.82 
9.02 
8.48 
7.72 
7.72 
7.58 
8.85 
9.10 
7.68 
7.04 
6.68 
7.10 
8.94 
8.06 
7.58 
9.24 
9.58 
7.78 
6.98 
6.16 
6.28 
6.01 
5.78 
5.58 
6.36 
6.01 
4.91 

4.75 

8.45 
3.46 
3.56 
3.67 
8.60 
3.64 
3.62 
3.45 
3.42 
3.42 
8.44 
3.48 
3.46 
3.47 
8.44 
3.44 
3.42 
3.42 
3.85 
3.54 
6.18 
1.48 
4.04 
3.62 
3.72 
3.63 
3.56 
3.54 
3.48 
3.44 

3.42 

3.38 
3.87 
8.3/ 
3.82 
3.76 
3.54 
3.46 
3.11 
3.87 
3.41 
8.36 
3.82 
3.32 
3.26 
6.84 
5.43 
4.41 
4.05 
8.90 
3.86 
3.92 
4.05 
3.68 
3.76 
4.76 
4.34 
4.20 
4.42 
4.00 
5.88 

6.46 
4.94 
4.68 
4.60 
4.26 
4.19 
4.26 
3.98 
3.94 
3.93 
4.04 
3.89 
3.89 
3.57 
3.86 
3.85 
3.92 
3.92 
3.83 
3.88 
8.13 
6.86 
5.86 
5.26 
4.92 
5.12 
4.90 
4.66 
4.49 
4.45 

4.46 

4.36 
4.62 
4.30 
4.25 
4.14 
4.15 
4.15 
4.10 
4.00 
3.95 
3.95 
3.90 
3.85 

4.  as 

4.05 
4.00 
3.95 
3.75 

(«/) 

2 

3 

7.10 

4 

5 

6 

«7.60 

7 

6.10 

8 

9 

7.10 
9.70 

10 

«»7.00 

11 

"•■•*"■ 

8.68 
7.75 
7.08 
6.60 
6.20 

C*) 

12 

13 

(<') 

14 

....... 

<i6.40 

15 

16 

6.05 
5.70 
6.70 
5.82 
6.20 

17 

e7.00 

18 

' 

/4.25 

19 

1 

20 

(<^) 

21 

('6.20 

••>.  88 

4.1     , 

22 

.......' 

6.72 
5.94 
6.35 
7.20 

4.2      

23 ' 

4.1      

24 

A  7. 00 

4.1       

2.3 

1 

4.0 
3.9 
4.0 

U.30 

26 

7.90 
7.75 

27 

{c) 

28 

rf6.70 

1     7.78 

4.1    ! 

29 

10.02 
.  10.82 

{0)        

30  

i 

31  

*6.75 

'i-^-15 

I  6.  M    j 

1 



a  Ice  2.60  feet. 

Mce  1.25  feet. 

c  Ice  unsafe  to  go  ut>on. 

d  Ice  2  feet. 

« Ice  1.86  feet. 


/Gage  height  to  top  iee=4.5  feet— Ice  1.15  feet  thick. 

g  Frozen  over. 

h  Ice  1.60  feet. 

f  Gage  height  to  top  ice«4.3  feet-ice  1.13  feet  thick. 

j  Morning  and  evening  readings. 


NoTE.--Gage  heights  during  frozen  season  are  to  surface  of  water  in  hole  in  ice  under  gage. 
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RcUing  table  of  Saco  River  near  Center  Conway,  N.  Jff.,  from  AuguA  S7,  190S,  to 

December  SI,  1904. 


Gage 
height. 

Discharge. 

1 

Gage 
^    height. 

Dischaige. 

1     Gage 
height. 

Diflchaige. 

Gage 
height. 

Diflchaige. 

Fixt. 

Second-feet. 

Feet. 

Secondr/eet. 

Feet. 

Second-feet, 

Feet. 

Seamd-feet. 

3.25 

117 

4.2 

475 

5.9 

1,675 

8.2 

4,420     I 

3.3 

133 

4.3 

525 

6.0 

1,765 

8.4 

4,740 

3.35 

149 

4.4 

575 

6.1 

1.855 

8.6 

5,060 

3.4 

166 

4.5 

625 

6.2 

1,950 

8.8 

5,390 

3.46 

183 

4.6 

675 

6.3 

2,050 

9.0 

5,730 

3.5 

200 

4.7 

730 

6.4 

2,150 

9.2 

6,080 

3.55 

217 

4.8 

795 

6.5 

2,250 

9.4 

6,440     1 

3.6 

235 

4.9 

865 

6.6 

2,350 

9.6 

6,800 

3.65 

253 

5.0 

935 

6.7 

2,460 

9.8 

7,175 

3.7 

271 

5.1 

1,005 

6.8 

2,570 

10.0 

7,555 

3.75 

289 

5.2 

1,080 

6.9 

2,680 

10.2 

7,935 

3.8 

307 

5.3 

1,160 

7.0 

2,790 

10.4 

8,315 

3.85 

325 

5.4 

1,240 

7.2 

3,030 

10.6 

8,710 

3.9 

343 

5.5 

1,320 

7.4 

3,280 

10.8 

9,110 

3.95 

361 

5.6 

1,405 

7.6 

3,545 

4.0 

380 

5.7 

1,495 

7.8 

3,825 

4.1 

425 

5.8 

1,585 

8.0 

4,120 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage 
heights  3.40  feet  and  9  feet.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  digcharge  of  Saco  River  near  Center  Conway ,  N,  H,ffor  J 903  and  1904^ 

[Drainage  area,  885  square  miles.] 


Month. 


1903. 
August  26-31 

September 

October 

November  1-26  . . 

1904. 
April 

May 

June 

July 

August 

September 

October 

November  1-18  . . 


Discharge  In  sscond-feet. 


Maximum. 


530 

405 

2,270 

465 

9,110 

7,365 

742 

565 

1,930 

1,657 

4,345 

685 


Minimum.      Mean 


350 
193 
200 
239 

1,160 
760 
228 
159 
149 
120 
224 
289 


402 
264 
550 
339 

2,815 
3,682 
451 
250 
276 
411 
754 
424 


Run-off. 


Second-feet 

per  square 

mile. 


1.04 

.69 

1.43 

.88 

7.31 
9.66 
1.17 
.65 
.72 
1.07 
1.96 
1.10 


Depth  in 
inches. 


0.23 
.77 

1.65 
.85 

8.16 
11.02 

1.31 
.75 
.83 

1.19 

2.26 
.735 


iSifiSS.]         STREAM   1CEA8UBEMENT8   IK  1904,    PABT   I.  85 

MBRBIMAC  BITTER  BRAIKAGi:  BASIN^. 

This  basin,  which  has  a  total  draioage  area  of  5,015  square  miles, 
lies  in  the  States  of  New  Ebunpshire  and  Massachusetts;  of  this,  3,815 
square  miles  are  in  the  former  State  and  1,200  square  miles  in  the 
latter.  Merrimac  River  is  formed  at  Franklin,  N.  H.,  by  the  junction 
of  Pemigewasset  and  Winnepesaukee  rivers.  The  headwaters  of  the 
Pemigewasset  lie  in  the  White  Mountain  region  at  elevations  of 
approximately  2,000  feet;  thence  they  flow  southerly  through  New 
Hampshire  with  very  steep  slopes.  On  this  branch  of  the  Merrimac 
there  is  very  little  lake  storage.  Squam  and  New  Found  lakes,  aggre- 
gating about  20  square  miles  of  surface  area,  are  the  only  bodies  of 
water  of  any  importance.  Above  Plymouth  probably  85  per  cent  of 
the  basin  is  in  heavy  forest.  A  very  insignificant  amount  of  water 
power  is  utilized.  Winnepesaukee  River  has  its  headwaters  in  the 
eastern  part  of  the  State.  A  prominent  characteristic  of  its  basin  is 
the  extent  of  the  lake  surface,  aggregating  100  square  miles.  The  fall 
from  Winnepesaukee  Lake  to  the  junction  with  Pemigewasset  River  is 
225  feet  in  a  distance  of  14  miles.  ^ 

From  Franklin  Merrimac  River  flows  southerly  through  the  State 
of  New  Hampshire  for  56  miles,  receiving  Contoocook  River  from  the 
west  and  Suncook  River  from  the  east.  After  entering  Massachusetts 
the  river  deflects  to  the  east  and  flows  in  an  easterly  and  noi*theasterly 
direction,  a  distance  of  40  miles,  to  Newburyport,  where  it  enters  an 
arm  of  the  sea.    Tide  flows  to  Lawrence. 

The  United  States  Geological  Survey  maintains  gaging  stations  in 
this  basin  on  Merrimac  River  at  Franklin  «T unction;  on  Pemigewasset 
River  at  Plymouth;  on  Contoocook  River  at  West  Hopkinton,  and  on 
Suncook  River  at  East  Pembroke. 

In  addition,  data  of  flow  are  furnished  the  Survey  by  private  parties 
or  corporations  for  Merrimac  River  at  Garvins  Falls,  near  Concord, 
N.  H.;  Merrimac  River  at  Lawrence;  Sudbury  River  at  Framingham; 
Lake  Cochituate  at  Cochituate,  Mass. ,  and  the  South  Branch  of  Nashua 
River  at  Clinton,  Mass. 

a  Tenth  Census,  vol.  16,  p.  50. 
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Drainage  areas  of  Merrimac  River  and  some  of  its  principal  tribata- 
ries  are  given  in  the  following  table: 

Drainage  area  of  Merrimac  River  and  tributaries. 


Drainage 
area. 


Sq.miUs. 


Merrimac Mouth 

Do •  Lawrence  rlam 

Do 1  Lowell  dam. . . 


Do 

Do 

Pemigewasset.. 

Do 

Wimiepesaukee 
Contoocook 

Do 

Suncook 

Do 


Garvins  Falls 

Franklin  Junction 

Plymouth 

Junction  with  Winnepesaukee 
Junction  with  Pemigewasset . . 
West  Hopkinton 

Mouth 

East  Pembroke 

Mouth 


5,015 

4,664 

4,127 

2,:$40 

1,460 

615 

1,085 

435 

410 

750 

250 

270 


MERRIMAC  RIVER  AT  FRANKLIN  JUNCTION,  N.  H. 

This  station  was  established  Juh'^  8,  1903,  by  H.  K.  Barrows.  It  is 
located  at  the  wooden  railway  bridge  near  Fi*anklin  Junction,  about  a 
mile  below  the  union  of  Pemigewasset  and  Winnepesaukee  rivers. 
The  drainage  area  at  this  point  is  1,460  square  miles.  A  standard 
chain  gage  is  fastened  to  the  guard  timber  of  the  bridge;  length  of 
chain,  47.08  feet.  It  is  referenced  by  bench  marks  as  follows:  (1) 
Marked  point  on  lower  chord  near  gage;  elevation,  46.54  feet.  (2) 
Top  of  north  rail  at  west  portal  of  bridge;  elevation,  47.08  feet. 
(3)  Spike  in  telegraph  pole  nearest  west  end  of  bridge;  elevation,  46.38 
feet.  (4)  Top  of  northwest  nut  on  guard  timber;  elevation,  47.28  feet. 
All  elevations  refer  to  the  datum  of  the  gage.  The  initial  point  for 
soundings  is  at  the  top  of  the  face  of  the  right  abutment  at  the 
upstream  side  of  the  bridge.  The  channel  is  straight  above  and  below 
the  bridge  and  is  about  200  feet  wide  at  ordinary  stages,  broken  by 
one  pier.  The  banks  are  high  and  rocky  and  not  subject  to  overflow. 
The  bed  is  rocky  and  permanent.  The  current  is  swift,  having  an 
observed  mean  velocity  of  1.53  feet  per  second  at  a  gage  height  of 
4.20,  the  lowest  measurement  made.  The  gage  is  read  twice  daily  by 
F.  R.  Roers. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 


BJIRBOW8 
ANU    HOYT 


.] 
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Discharge  measurements  of  Merrimac  River  at  Franklin  Junction,  N.  IL,  in  190S  and  1904* 


Date. 


Hydrographer. 


1903. 

July  13 

July  14 

July  31 

September  5 
September  9 
October  8... 


H.  K.  Barrows. 

do 

do 

do 

do 

N.  0.  Grover. . . 


1904. 
Apriie... N.  C.  Grover 

April21 S.  K.  Clapp'.. 

May  4 1 do 

May  24 N.  C.  Grover 

June 8 S.  K.  Clapp.. 

July  7 do 

September  23  . .   T.  W.  Norcross 


November  8 


do 


Area  of 
section. 


Square  feet. 
805 
768 
840 
840 
745 
724 

1,250 

1,260 

1,830 

1,285 

1,020 

812 

790 

855 


Mean 
velocity. 

Gage 
height. 

Fl.peraec, 

Feet. 

1.84 

4.46 

1.85 

4.42 

1.93 

4.66 

2.00 

4.67 

1.53 

4.20 

1.48 

4.17 

4.31 

6.83 

3.96 

6.46 

5.46 

8.92 

4.15 

6.88 

3.10 

5.47 

2.09 

4.51 

2.03 

4.66 

1.79 

4.50 

Discharge. 

Secondr/eet. 
1,480 
1,420 
1,620 
1,680 
1,140 
1,070 

5,400 
4,990 
9,990 
5,330 
3,170 
1,700 
1,600 
1,530 


Mean  daily  gage  height,  in  feet,  of  Merrimac  River  at  Franklin  Junction,  N,  H.,for  1904. 


1>AY. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.70 
4.80 
4.70 
(«) 

7.76 
7.15 
6.10 
6.30 
6.16 
6.90 
7.90 
7.90 
9.40 
11.50 
10.65 
8.35 
7.90 
7.10 
6.55 
6.30 
6.30 
6.10 
6.15 
6.20 
6.30 
6.40 
6.55 
6.70 
7.66 
8.70 
8.65 
10.10 
12.30 
13.45 

12.90 
10.10 
8.90 
8.80 
8.60 
8.46 
7.46 
6.70 
7.06 
7.00 
7.00 
6.90 
6.70 
6.70 
6.60 
7.90 
11.40 
10.40 
7.90 
12.50 
9.80 
7.20 
7.30 
6.85 
6.20 
6.30 
6.25 
6.90 
5.30 
6.50 
6.50 

6.30 
6.20 
5.20 
5.20 
4.80 
6.36 
6.60 
6.45 
6.40 
5.20 
5.06 
4.90 
6.10 
4.80 
4.60 
4.60 
4.60 
4.50 
4.35 
4.30 
4.26 
4.30 
4.30 
4.35 
4.20 
4.15 
4.10 
4.10 
4.20 
4.30 

4.50 
4.90 
4.65 
4.60 
4.50 
4.40 
4.40 
4.40 
4.40 
3.90 
4.25 
4.30 
4.20 
4.25 
4.30 
4.20 
3.70 
4.10 
4.15 
4.10 
4.20 
4.20 
4,10 
3.76 
8.95 
4.10 
4.20 
4.40 
4.45 
4.30 
3.75 

4.40 
4.40 
4.40 
4.36 
4.40 
4.60 
3.95 
4.50 
4.30 
4.30 
4.85 
4.40 
4.60 
3.90 
4.10 
4.15 
4.10 
4.10 
4.a5 
4.25 
7.60 
6.90 
6.65 
6.70 
6.10 
4.40 
4.40 
3.75 
4.05 
4.15 
4,10 

4.10 
4.20 
4.10 
3.90 
4.20 
4.30 
4.25 
4.20 
4.20 
4.16 
4.10 
4.10 
4.20 
4.20 
6.00 
7.06 
6.56 
4.66 
4.60 
4.60 
4.70 
4.90 
4.76 
4.50 
3.95 
5.80 
5.45 
5.20 
5.20 
7.70 

7.00 
5.70 
5.60 
6.45 
6.30 
6.10 
4.90 
4.70 
4.10 
4.60 
4.80 
4.70 
4.80 
4.80 
4.75 
4.20 
4.40 
4.50 
4.60 
4.60 
4.70 
7.86 



4.85 
4.80 
4.70 
4.70 
4.60 
4.30 
4.40 
4.45 
4.40 
4.40 
4.30 
4.30 
4.80 
4.30 
4.40 
4.40 
4.40 
4.30 
4.20 
4.05 
4.20 
4.40 
4.36 
4.80 
4.30 
4.30 
3.60 
4.00 
3.95 
3.90 

4  00 

2 

4.00 

3 

3.90 

4 

3.60 

5 

3  90 

6 

4.00 

7 

4.10 

8 

4.20 

9 

4.10 

10 

4.10 

11 

4.45 

12 

4.80 

13 

4.50 

14 

4.30 

15 

6.50 
5.60 
6.10 
6.10 
4.70 
4.15 
4.50 
4.46 
4.70 
6.80 
6.30 
7.10 
8.10 
9.10 
7.80 
7.70 
7.70 

4.40 

16 

4.40 

17 

4.40 

IH 

(«) 

19 

20 ' 

21 

22 

23 

21 

25 

26 

27 

28 

29 

90 : 

81 1 

1 

o  River  frozen  from  January  4  to  March  15  and  from  December  18  to  31. 
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Rating  table  for  Merrimac  River  aJt  Franklin  Junction,  N.  IT.,  from  July  8,  190S^  to 

December  SI,  1904, 


Oage 
height. 

Discharge. 

Oage 
height. 

Dlflcharge. 

Gage 
hel^t 

Dlschaige. 

Gage 
height. 

1 
Dlschaige. 

Feet. 
3.6 

Seeon^feeL 
460 

Feet. 
4.9 

Secondrjeet. 
2,065 

FeeL 
6.2 

fkfxmdrfeeL 
4,310 

Ftet. 
8.6 

SecondrfeeL 
9,265 

3.7 

670 

6.0 

2,220 

6.3 

4,600 

8.8 

9,716 

3.8 

680 

6.1 

2,380 

6.4 

4,690 

9.0 

10, 170 

3.9 

795 

6.2 

2,540 

6.6 

5,070 

9.5 

11,320 

4.0 

910 

5.3 

2,706 

6.8 

6,460 

10.0 

12, 470 

4.1 

1,030 

5.4 

2,876 

7.0 

6,850 

10.5 

13, 670 

4.2 

1,160 

5.5 

3,046 

7.2 

6,260 

11.0 

14, 870 

4.3 

1,270 

5.6 

3,220 

7.4 

6,660 

11.5 

16,080 

4.4 

1,395 

5.7 

3, 395 

7.6 

7,076 

12.0 

17,330 

4.5 

1,520 

5.8 

3,576 

7.8 

7,500 

12.5 

18,580 

4.6 

1,645 

5.9 

3,766 

8.0 

7,930 

4.7 

1,775 

6.0 

3,940 

8.2 

8,370 

4.8 

1,915    , 

6.1 

4,126 

8.4 

8,816 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  baaed  upon 
14  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  4.16  feet  and  8.90  feet.  The  table  has  been  extended  beyond  thes^ 
limits. 

Estimated  monthly  discharge  of  Merrimac  River  at  Franklin  Junction,  N,  U,,  for  1903 

and  1904' 
[Drainage  area,  1,460  square  miles.] 


Month. 


1903 
July  9-31 

August 

September 

October 

November 

December 

1904 
March  15-31 

April 

May 

June 

July 

August 

September 

October  1-22 

November 

December  1-17 . . . 


Dlschaige  In  second-feet. 


Maximum. 


3,431 
2,909 
1,482 
2,380 
1,710 
4,348 

10,400 
20,950 
19,680 
3,045 
2,065 
7,075 
7,285 
7,608 
1,990 
1,915 


Minimum. 


703 
795 
360 
160 
680 
680 

1,090 

4,126 

2,705 

1,030 

570 

625 

795 

1,030 

460 

460 


Mean. 


1 
1 
1 
1 
1 
1 

4 

7 
7 
1 
1 
1 
1 
2 
1 
1 


676 
475 
007 
345 
156 
412 

307 
825 
754 
866 
203 
650 
951 
416 
312 
139 


Run-off. 


Second-feet 

per  square 

mile. 


1.16 
1.01 
.690 
.921 
.791 
.967 

2.96 
5.36 
5.31 
1.28 
.824 
1.13 
1.34 
1.66 
.899 
.780 


Depth  in 
inches. 


0.894 
1.16 

.770 
1.06 

.882 
1.11 

1.86 
5.98 
6.12 
1.43 
.»50 

i.ao 

1.50 
1.35 
1.00 
.493 


BARROWS 
AND  UOYT 


]  MERRIMAG    RIVER  DRAINAGE   BASIN.  89 

MERRIMAO  RIVER  AT  GARVINS  FALLS,   NEW   HAMPSHIRE. 

A  new  stone  masonry  dam  was  completed  at  Grarvins  Falls,  on  Mer- 
rimac  River,  during  the  spring  of  1904.  The  drainage  area  at  this 
point  is  about  2,340  square  miles.  This  dam  was  built  by  the  Man* 
Chester  Traction,  Light  and  Power  Company.  It  has  a  total  length 
of  about  550  feet,  and  is  somewhat  similar  in  section  to  the  dam  at 
Holyoke,  Mass.  Very  careful  records  of  the  pond  and  tailrace 
levels,  wheel  openings,  etc.,  are  kept  here,  and  will  be  furnished  to 
the  United  States  Geological  Survey.  The  average  head  on  wheels  is 
about  29  feet. 

During  1904  a  number  of  current-meter  measurements  have  been 
made  by  the  United  States  Geological  Survey  for  the  pui'pose  of  rat- 
ing the  turbines  and  to  assist  in  computing  flow  over  the  dam.  The 
publication  of  estimates  of  flow  at  this  point  is  withheld  awaiting 
confirmation  of  data. 

HERRIMAG  RIVER  AT  LAWRENCE,  MASS. 

Records  of  flow  of  this  river  at  Lawrence  have  been  kept  for  more 
than  fifty  years,  but  have  never  been  published  in  full.  Figures  for 
the  monthly  maximum  and  minimum  discharges  from  1890  to  1897 
were  published  in  the  Nineteenth  Annual  Report,  Part  IV;  the  daily 
discharge  for  1897,  1898,  and  1899  in  Water-Supply  Paper  No.  36; 
the  daily  discharge  for  1900  in  Water-Supply  Paper  No.  47;  the  daily 
discharge  for  1901  and  1902  in  Water-Supply  Paper  No.  82;  for  1903 
in  Water-Supply  Paper  No.  97.  These  figures  are  furnished  by  R.  A. 
Hale,  principal  assistant  engineer  of  the  Essex  Water  Power  Company. 

For  a  portion  of  the  year  water  from  the  Sudbury  and  Nashua  River 
drainage  basins  is  wasted  into  the  Merrimac,  and  therefore  the  drain- 
age area  is  a  somewhat  variable  quantity.  During  the  dry  months  a 
very  small  amount  is  received.  The  following  tables  give  the  flow  of 
the  Merrimac  at  Lawrence,  also  the  quantity  wasted  from  the  Sudbury 
and  Nashua  River  drainage  basins  that  reaches  the  Merrimac.  The 
latter  table  is  based  on  data  furnished  by  the  Metropolitan  Water  and 
Sewerage  Board  of  Boston.     The  drainage  areas  are  as  follows: 

Drainage  areas  in  Merrimac  River  basin. 

Sq.  miles. 

Total  of  Merrimac  Kiver  draina^  basin  above  Lawrence 4, 664 

Nashua  River  drainage  basin  above  ga^z^ing  station 119 

Sudbury  River  drainage  basin,  Framingham,  Dam  No.  1 75 

Cochituate  River  drainage  basin 19 

Total  of  Nashua,  Sudbury,  and  Cochituate  River  drainage  basins. .      213 
Net  drainage  basin  of  Merrimac  River,  excluding  Nashua,  Sudbury, 
and  Cochituate  River  basins 4, 451 

The  quantity  as  measured  at  Lawrence  includes  the  water  from  Sud- 
bury, Nashua,  and  Cochituate  rivers,  and  in  getting  the  absolute  yield 
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of  the  river  this  should  be  considered  in  reference  to  the  drainage 
areas,  either  by  deducting  it  from  the  Merrimac  flow  and  using  the 
net  area  of  the  Merrimac  and  the  net  flow  of  the  Merrimac,  or  by 
getting  the  total  yield  of  both  the  Sudbury  and  Nashua  rivers  with 
the  Merrimac  and  using  the  total  area. 

Flow  of  Merrimac  River  at  Lawrence,  Mass,,  for  1904* 
[Cubic  feet  per  second  for  twenty-four  hours.] 


Day. 

{ 

[Quantity  of  water  passing- 

- 

January. 

February. 

March. 

April. 

May. 

June. 

1 

.2, 825 
2,265 
1,901 
4,265 
2,796 
2,753 
2,644 
2,724 
1,904 
1,298 
3,852 
2,901 
2,878 
2,798 
3,059 
2,095 
1,613 
3,936 
3,042 
2,769 
2,920 
2,820 
1,753 
1,062 
3,621 
2,869 
2,832 
2,875 
2,914 
2,241 
1,681 

4,039 
3,115 
3,041 
2,854 
2,812 
2,109 
1,242 
3,801 
3,152 
2,896 
2,869 
2,813 
1,852 
1,017 
3,728 
2,965 
2,873 
2,660 
2,737 
1,909 
899 
3,679 
3,364 
3,394 
3,592 
4,129 
3,392 
3,397 
5,043 

4,034 

3,828 

3,949 

4,274 

3,667 

4,373 

6,085 

6,730 

10, 627 

13, 740 

14, 711 

13,406 

11,664 

10,881 

9,728 

8,831 

7,883 

7,353 

6,668 

6,817 

8,714 

9,198 

9,500 

11,360 

14, 370 

23, 479 

35,149 

36,205 

31, 579 

23,660 

19, 408 

17,994 
21, 175 
23, 976 
22, 677 
19,056 
17, 218 
17,726 
19, 432 
20,738 
28, 174 
36,984 
33,942 
27, 748 
22,937 
19, 028 
16,369 
14,613 
14,544 
14, 624 
15, 183 
14,449 
14,355 
13, 300 
12,254 
12,684 
13,620 
15, 139 
20,584 
35,300 
45,300 

46,336 

6,252 

2 

1 
38, 

29, 
22, 
20, 
18, 
16, 
13, 
13, 
13, 
14, 
17, 
17, 
13 

11 

11 
15, 

19 

16 

21 

27 
22, 
17 
14 

11, 
10 

10 

9 

8 

7 

7 

,498 
,795 
,895 
,321 
,408 
,477 
,731 
,193 
,244 
,560 
,567 
,469 
,795 
,340 
,657 
,507 
,890 
,912 
,331 
,354 
,002 
,542 
,211 
,326 
,999 
,508 
,431 
,496 
,704 
,721 

5,241 

3 

6,233 

4 

5,574 

5 

5,431 

6 

6,292 

7 

6,583 

8 

8,287 

9 

8,368 

10 

7,520 

11 

6,298 

12 

5,269 

13 

5,921 

14 

5,115 

15 

4,465 

16 

4,175 

17 

3, 921 

18 

2,748 

19 

2,862 

20 

4,193 

21 

3,592 

22 

23 

2,914 
2,911 

24 

2,946 

25 

1,918 

26 

1.8a5 

27 

4,002 

28 

3,024 

29 

3,017 

30 

3,132 

31 

«*,     «««M 

Total 

Average 

81,906 
2,642 

85, 373 
2,944 

381,871 
12, 318 

621, 123 
20,704 

540 
17 

,220 
,426 

140,009 
4,667 

BABBOWt 
AND  HOYT, 
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Flow  of  Merrimac  River  at  Lawrtncey  Mass.,  for  1904 — Continued. 


Day. 


1. 

2. 

3. 

4, 

6. 

6. 

7. 

8. 

9. 
10, 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Quantity  of  water  passing- 


July. 


Total 
Average . . . 


3, 

236 

3, 

516 

5, 

193 

4, 

586 

5, 

174 

4, 

575 

3, 

795 

3, 

340 

2, 

496 

2, 

302 

4, 

225 

2, 

881 

2, 

783 

2, 

716 

2, 

713 

1, 

667 

928 

3, 

758 

2, 

714 

2, 

662 

2, 

638 

2, 

403 

1, 

384 

367 

2, 

601 

2, 

680 

2, 

397 

2, 

485 

2, 

579 

1, 

661 

260 

86, 

715 

2, 

797 

August. 


2 
2 
2 
2 


3 
2 
2 
2 
2 
1 

3 
2 
2 
2 
2 
1 

5 
5 
4 
3 
3 
1 

3 
2 


79 
2 


230 
681 
321 
651 
647 
799 
327 
163 
850 
620 
382 
529 
578 
288 
065 
850 
445 
549 
495 
550 
393 
267 
819 
494 
468 
489 
927 
767 
487 
402 
298 


September. 


831 
575 


2,271 
2,254 
1,643 
393 
409 
3,378 


2 
2 
2 
1 

2 
2 
2 
2 
3 
7 
5 
5 
4 
3 
3 

3 
2 
1 

3 
3 
3 
3 


October. 


844 
370 
301 
546 
358 
303 
275 
295 
586 
396 
983 
595 
526 
423 
397 
156 
121 
003 
601 
942 
142 
887 
504 
486  I 


5 
5 
4 
3 
3 
3 
2 
1 
3 
3 
2 
2 
3 
2 
1 
4 
3 
2 
2 
2 
2 
6 
6 
5 
4 
4 
3 
3 


759 
205 
457 
359 
977 
623 
213 
128 
377 
923 
131 
973 
798 
067 
124 
946 
023 
031 
925 
780 
933 
076 
130 
808 
330 
607 
002 
894 
075 
674 
364 


November.     December, 


3 
3 
3 
2 
1 
3 
3 
2 
2 
2 


3 

3 
3 
3 
2 
2 
1 
3 
3 
3 
1 
4 
2 
1 
3 
3 


80 
2 


084 
086 
063 
181 
112 
656 
813 
006 
795 
567 
667 
702 
431 
656 
293 
107 
070 
858 
131 
049 
629 
094 
055 
096 
010 
632 
649 
697 
173 
540 


2,606 
2,500 
1,659 

390 
2,640 
2,434 
2,469 
2,498 
2,031 
1,392 

289 
2,265 
2,028 
2,018 
2,033 
1,977 
1,153 

177 
1,775 
1,886 
1,978 
1,962 
1,861 
1,164 

154 

302 
2,462 
2,705 
3,017 
3,022 
1,541 


902 
697 


56,378 
1,819 
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Average  weekly  flow  of  Merrimac  River  at  Lawrence,  Mass,,  for  1904. 


Week  ending 
Sunday- 


December  25... 
December  18... 
September  11 .. 
January  1,1905. 
December  11... 

July  31 

September  4  . . . 

August  21 

Auj2^tl4 

Aufj^t7 

July  24 

December  4 

November  13... 
February  21  . . . 

July  17 

January  24 

January  10 

February  14 

January  31 

November  20... 
November  27... 

January  17 

February  7 

October  16 

June  26 

November  6 

September  25  . . 

October  23 

October  9 

February  28  . . . 

July3 

August  28 

July  10 

September  18 . . 

October  2 

March  6 

June  19 

October  30 

June 5 


Merrimac 

River  at 

Lawrence 

(total  dxain- 

age  area- 

4,664  square 

miles). 


Wasting  into  Merrimac  from— 


Nashua 
River  at 
Clinton 

(drainage 
area= 

118  square 
miles). 


Sudbury 
River  at 

Dam  1 

(drain- 
age 

area  =3 
75  SQuare 

miles). 


Lake 
Cochlt- 

uate,  Bon- 
nlster 
Brook 

(drainage 
area  =3 

19Hauare 
miles). 


Total 
waste  of 
those 
water- 
sheds 
(total 
drainage 
areas 

212  square 
miles). 


Cubic  feet  per  second  for  seven  days. 


1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
o 

2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
6 


,540 

3 

2 

0 

,663 

3 

2 

0 

,887 

3 

2 

0 

,929 

3 

2 

0 

,965 

3 

2 

0 

,095 

3 

11 

0 

,107 

3 

12 

0 

,192 

3 

20 

0 

,201 

3 

16 

0 

,237 

4 

14 

0 

,275 

3 

12 

0 

,366 

4 

2 

0 

,426 

4 

3 

0 

,539 

4 

62 

0 

,559 

3 

14 

0 

,615 

3 

39 

0 

,626 

4 

25 

0 

,629 

4 

54 

0 

,719 

4 

53 

0 

,738 

4 

3 

0 

,738 

3 

2 

0 

,742 

4 

34 

0 

,745 

3 

51 

0 

,852 

4 

2 

0 

,897 

8 

18 

4 

,935 

4 

7 

0 

,318 

3 

2 

0 

,414 

4 

2 

0 

.448 

3 

2 

0 

,564 

4 

117 

0 

,589 

6 

22 

0 

,604 

3 

32 

0 

,753 

3 

22 

0 

,776 

4 

2 

0 

,989 

3 

2 

0 

,167 

4 

112 

0 

,172 

11 

29 

2 

,341 

3 

2 

0 

,308 

5 

64 

12 

5 

6 

5 

5 

5 

14 

15 

23 

19 

18 

15 

6 

7 

66 

17 

42 

29 

58 

67 

7 

5 

38 

54 

6 

30 

11 

5 

6 

6 

121 

28 

35 

25 

6 

5 

116 

42 

5 

81 


Net  jrield  of  Merrimac 
River  from  4,452 
square  miles. 


Cubic  feet  per  secMid. 


Seven  days. 


1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 

3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
6 


535 
658 
882 
924 
960 
081 
092 
169 
182 
219 
260 
360 
419 
473 
542 
573 
597 
571 
662 
731 
733 
704 
691 
846 
867 
924 
313 
408 
443 
443 
561 
569 
728 
770 
984 
051 
130 
336 
227 


Persanare 
mile. 


0.345 
,372 
.423 
.432 
.440 
.467 
.470 
.487 
.490 
.498 
.508 
.530 
.543 
.556 
.571 
.578 
.583 
.578 
.598 
.613 
.614 
.607 
.604 
.639 
.644 
.657 
.744 
.766 
.  773 
-  773 
.800 
.802 
.837 
.847 
.895 
.910 
.928 
.974 

i.ads 
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Average  weekly  flow  of  Merrimac  River  at  Lawrence^  Man.,  for  1904 — Continued. 


Week  ending 
Sunday— 


1904. 

Jnnel2 

March  20 

March  13 

May  29 

April  24 

May  15 

March  27 

May  22 

April  10 

May  8 

ApriI17 

Aprils 

Mayl 

Total,  52 
weeks . . 

Weekly  average 


Merrimac 
River  at 
Lawrence 
(total  drain- 
age areaa 
4,664  square 
miles). 


Wasting  into  Merrimac  from — 


Nashua 

River  at 

Clinton 

(drainage 

area» 

118  square 
miles). 


Sudbury 
River  at 

Dam  1 

(drain- 
age 

area^ 
75  square 

miles). 


Lake 
Cochlt- 

uate,  Bon- 
nister 
Brook 

(drainage 
areaa 

19  square 
miles). 


Total 
waste  of 
those 
water- 
sheds 
(total 
drainsge 

area=> 

212  square 

miles). 


Cubic  feet  per  second  for  seven  days. 


6,945 
8,309 
10,995 
11,788 
14, 101 
14,453 
15,967 
19,236 
20,717 
22, 875 
24,517 
24,857 
26,995 


6,450 


99 

77 

15 

7 

151 

0 

8 

303 

0 

23 

39 

14 

38 

142 

19 

171 

222 

45 

8 

248 

0 

113 

123 

32 

179 

323 

100 

115 

285 

17 

397 

236 

112 

12 

195 

33 

813 

617 

76 

2,133 

3,835 

481 

41 

74 

9 

191 
158 
311 
76 
199 
438 
256 
268 
602 
417 
745 
240 
1,506 


6,449 
124 


Net  jleiid  of  Merrimac 
River  from  4,462 
square  miles. 


Cubic  feet  per  second. 


Seven  days. 


6,754 
8,151 
10,684 
11, 712 
13,902 
14, 015 
15, 711 
18,968 
20,115 
22,458 
23, 772 
24,617 
25,489 


328,966 
6,326 


Per  square 
mile. 


1.517 
1.831 
2.400 
2.631 
3.123 
3.148 
3.529 
4.261 
4.519 
5.044 
5.340 
5.530 
5.725 


73. 892 
1.421 


PEMIGEWASSET  RIVER  AT  PLYMOUTH,  N.  H. 

This  station  was  established  September  5, 1903,  by  N.  C.  Grover. 
It  is  located  at  the  wooden  highway  bridge,  below  the  mouth  of  Bakers 
Kiver,  in  the  town  of  Plymouth.  The  drainage  area  at  this  point  is 
about  615  square  miles.  The  headwaters  of  the  river  lie  in  the  moun- 
tainous country  to  the  west  of  Mount  Washington,  at  elevations  of 
more  than  2,000  feet.  At  North  Woodstock  Pemigewasset  River  is 
formed  by  the  junction  of  East  Branch,  Middle  Branch,  and  Moosi- 
lauke  Brook,  at  an  elevation  of  about  700  feet.  Thence  the  waters 
flow  south,  receiving  Mad  River  from  the  east  and  Bakers  River  from 
the  west,  until  at  Plymouth,  about  20  miles  below  North  Woodstock, 
the  elevation  is  between  400  and  600  feet.  The  underlying  rock  in  this 
basin  is  usually  granite,  exposed  in  the  mountain  summits.  The  basin 
contains  some  of  the  best  spruce  standing  in  New  England.  Large 
areas  in  the  basin  of  East  Branch  are  still  in  virgin  forest;  other  areas 
have  been  practically  stripped,  especially  on  Hancock  Brook,  a  tribu- 
tary of  East  Branch,  and  in  the  basin  of  Middle  Branch. 

The  height  of  water  at  Plymouth  has  been  recorded  daily  since  Jan- 
uary 1,  1886,  during  which  time  extensive  deforestation  in  the  basin 
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above  has  taken  place.  This  record  of  gage  height  has  been  kindly 
given  to  the  United  States  Geological  Survey  by  Locks  and  Canals 
Company,  of  Lowell,  Mass.  From  these  the  daily  discharge  of  the 
river  since  that  date  has  been  estimated  from  measurements  of  flow 
at  the  station  during  1903  and  1904. 

A  standard  chain  gage  is  attached  to  the  guard  rail  of  the  sidewalk 
of  the  bridge  on  the  upstream  side;  length  of  chain,  34.69  feet.  It  it: 
referred  to  bench  marks  as  follows:  (1)  Marked  point  on  rail  of  bridge 
near  gage;  elevation,  34.00  feet.  (2)  North  corner  of  intermediate 
cast-iron  gage  set  by  Locks  and  Canals  Company,  of  Lowell,  Mass.; 
elevation,  13.27  feet.  (3)  North  corner  of  lowest  cast-iron  gage  set  by 
same  company;  elevation,  7.11  feet.  All  elevations  refer  to  the 
datum  of  the  gage.  The  initial  point  for  soundings  is  at  the  top  of 
the  face  of  the  right  abutment  on  the  upstream  side.  The  channel  is 
straight  for  1,000  feet  above  and  below  the  bridge,  and  is  about  180 
feet  wide  at  ordinary  stages,  broken  by  one  pier.  The  banks  are  high 
and  rocky.  The  bed  is  permanent;  rocky  in  the  right  half  and  gravelly 
in  the  left.  The  velocity  is  rapid  in  the  right  and  sluggish  in  the  left 
half.  At  low  water  the  measurements  of  flow  through  the  left  channel 
are  made  by  wading.  The  lowest  observed  mean  velocity  is  one  foot  per 
second.     The  gage  is  read  twice  daily  by  Frank  Morton. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  of  Pemigewasset  River  at  Plymouth,  N,  H.,  in  190S  and  J904- 


Date. 


Hydrographer. 


Area  of 
section. 


Mean 
velocity. 


Ga«e 
hei^t. 


1903. 
September  5.. 
September  22. 
October  9 

1904. 

April  14 N.  C.  Grover 

April  14 do 


N.  C.  Grover . . . 
H.  K.  Barrows. 
N.  C.  Grover . . . 


April  20 

April  30 

May  21 

May  25 

Jime9, do 

July  5 1  8.  K.  Clapp 


S.  K.  aapp. 

....do 

....do , 

N.C.  Grover 


July  26... 
Augusts.. 
August  23. 


do 

do 

H.  K.  Barrows, 


September  23..   S.  K.  Clapp. 

October  14 

November  22.. 


T.  W.  Norcross. 
do 


Sqtbare/eet.  \  Ft.  per.  sec. 
250 
238 
243 

931 

920 

836 
2,043 
1,360 

782 

559 

288 

197 

278 

630 

350 

399 

356 


Feet. 


\          1.08 

1.85 

1.00 

1.74 

1.17 

1.98 

2.88 

4.75 

2.80 

4.70 

2.70 

4.34 

5.65 

10.36 

4.17 

6.75 

2.55 

4.06 

1.86 

3.02 

1.45 

2.12 

.91 

1.55 

1.61 

2.11 

2.03 

3.15 

1.84 

2.47 

1.81 

2.65 

1.73 

2.54 

Discharge. 

Seeond-feti. 
270 
238 
285 

2,680 

2,580 

2,257 

12,800 

5,675 

2,000 

1,042 

419 

179 

448 

1,280 

642 

722 

616 
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Mean  daily  gage  height,  in  feet,  of  Pemigewasset  River  at  Plymouth,  N,  H.,  for  1904. 


Day. 

1 

Jan.  , 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

2.06 
8.00 
8.00 
2.66 
2.10 
2.06 
2.01 
1.86 
1.88 
1.80 
1.78 
1.72 
1.82 
1.92 
1.82 
1.72 
1.70 
1.62 
1.68 
1.60 
1.62 
1.68 
1.52 
1.46^ 
1.58 
1.68 
1.98 
2.60 
2.05 
2.82 
1.85 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.20    a  3.  go 

8.85 
7.85 
6.88 
7.12 
7.30 
6.76 
6.80 
6.00 
6.68 
6.46 
8.26 
6.46 
6.28 
4.82 
4.70 
8.02 
9.90 
6.28 
6.82 
9.60 
6.62 
6.40 
4.76 
4.35 
3.98 
3.80 
3.48 
8.42 
3.30 
3.06 
2.96 

2.86 
2.80 
2.62 
2.48 
2.40 
2.72 
2.98 
3.20 
3.15 
2.78 
2.55 
2.35 
2.82 
2.25 
2.15 
2.00 
1.88 
1.95 
1.90 
1.90 
1.95 
2.00 
2.12 
2.00 
1.98 
1.95 
1.90 
1.88 
1.92 
1.96 

1.78 
1.88 
1.98 
2.48 
1.98 
1.96 
1.80 
1.82 
1.72 
1.70 
1.70 
2.10 
2.06 
1.86 
1.80 
2.00 
1.98 
1.92 
1.90 
2.30 
6.62 
3.80 
3.22 
2.85 
2.60 
2.82 
2.20 
2.00 
1.90 
1.86 
1.85 

1.82 
1.90 
1.72 
2.20 
2.86 
1.90 
1.90 
1.88 
1.80 
1.80 
1.45 
1.80 
1.62 
1.62 
4.65 
4.82 
8.40 
2.95 
2.60 
2.50 
2.80 
2.85 
2.48 
2.40 
6.80 
8.75 
3.72 
3.20 
3.00 
7.22 

6.66 
4.66 
8.90 
3.50 
8.20 
8.05 
2.90 
2.88 
2.70 
2.75 
2.82 
2.95 
2.82 
2.88 
2.72 
2.60 
2.60 
2.36 
2.50 
2.35 
8.20 
7.88 
5.60 
8.88 
3.42 
3.85 
4.28 
3.62 
8.26 
8.15 
2.98 

2.82 
2.72 
2.70 
2.62 
2.66 
2.60 
2.60 
2.40 
2.35 
2.20 
2.16 
2.20 
2.10 
2.40 
2.10 
2.20 
2.00 
2.15 
2.15 
2.20 
2.35 
2.60 
2.40 
2.20 
2.20 
2.80 
2.46 
2.45 
2.40 
2.30 

2.20 

2 

5.15 

6.70 

2.20 

3 

2.20 

4 

64.75    'c4.65 

^6.12 
8.42 
6.80 
5.60 
7.20 
9.40 
7.88 
6.45 
6.65 
4.78 
4.48 
4.18 
3.96 
3.80 
4.06 
4.28 
3.92 
8.92 
4.32 
5.25 
6.70 
7.52 
7.28 
7.82 
8.88 
9.68 

1.75 

6 

(13.66 

2.20 

6 

1.90 

7 

'4.60 

2.00 

8 

/3.90    <i4.26 

2.00 

9 

'8.60 

1.96 

10 

2.06 

11 

(7  4.20 

1 

1.96 

C3.30 

16.70 

2.00 

13 

1.80 



<6.65 

2.00 

15 

J  4.40 

«'4.10 

1.90 

1.90 

17 

2.00 

J4.S0 

1.90 

19 

C4.16 

fc4.30 

2.10 

20 

2.05 

21 '     ' 

2.06 

22 

23 

J  4. 10 

e4.20 

A  6. 10 

1.90 
1.90 

24 ' 

i  > 

2.05 

25 

J4.20 

1 

2.20 

8.30 
!  V2.4h 

2.10 

27 

e4.50 

2.16 

2.30 

29 

JA.90 

<?4.55  1  10.00 

1 

2.80 

2.30 

31 

8.40 

2.26 

a  Ice  1.65  feet. 
Mcel.4  feet, 
tflce  1.7  feet. 


d  Ice  went  out. 
<Ice  1.8  feet. 
/Ice  1.6  feet. 


fflce  1.56  feet. 
A  Ice  2.2  feet. 
'Ice  2.8  feet. 


ilce  1.6  feet, 
ir  Ice  2.8  feet. 


Note.— Gage  heights  during  frozen  season  are  to  surface  of  water  in  hole  cut  in  Ice  under  gage. 
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Rating  table  for  Pemigewassel  River  at  PlymoiUkj  N.  If.,  from  September  5, 190S,  to 

December  Sl^  1904- 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gaffe 
height. 

Discharge. 

JFM, 

Second-feet. 

Itet. 

Second-feet. 

JFhet.. 

Second-fed. 

Feet. 

Second-feet, 

1.25 

117 

2.7 

780 

4.9 

2,860 

8.2 

8,370 

1.3 

124 

2.8 

860 

5.0 

2,980 

8.4 

8,770 

1.35 

132 

2.9 

940 

5.1 

3,100 

8.6 

9,170 

1.4 

140 

3.0 

1^020 

5.2 

3,220 

8.8 

9,570 

1.45 

149 

3.1 

1,110 

5.3 

3,350 

9.0 

9,970 

1.5 

160 

3.2 

1,200 

5.4 

3,480 

9.2 

10,870 

1.55 

172 

3.3 

1,290    . 

5.5 

3,620 

9.4 

10,790 

1.6 

185 

3.4 

1,380 

5.6 

3,770 

9.6 

11,210 

1.65 

200 

3.5 

1,470 

5.7 

3,920 

9.8 

11,630 

1.7 

215 

3.6 

1,560 

5.8 

4,080 

10.0 

12,050 

1.75 

232 

3.7 

1,650    , 

5.9 

4,240 

10.5 

13,100 

1.8 

250 

3.8 

1,740 

6.0 

4,400 

11.0 

14,150 

1.85 

270 

3.9 

1,830 

6.2 

4.720 

11.5 

15,200 

1.9 

290 

4.0 

1,920 

6.4 

5,060 

12.0 

16,250 

1.95 

315 

4.1 

2,020     ' 

6.6 

5,400 

12.5 

17,300 

2.0 

340 

4.2 

2,120     ' 

6.8 

5,750 

13.0 

18,350 

2.1 

395 

4.3 

2,220 

7.0 

6,110 

14.0 

20,450     1 

2.2 

1 

455 

4.4 

2,320    ; 

7.2 

6,470 

15.0 

22,550 

2.3 

515 

4.5 

2,420 

7.4 

6,830 

16.0 

24,650 

2.4 

575 

4.6 

2,530 

7.6 

7,210 

17.0 

26, 750     1 

2.5 

640 

4.7 

2,640 

7.8 

7,590 

18.0 

28,850 

2.6 

710 

4.8 

1 

2,750 

8.0 

7,970 

NiiTi^.— This  table  has  been  applied  back  to  January  1, 1886,  as  no  discharge  measurements  were 
made  previous  to  1903. 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  baseil  upoxi 
15  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  1.6  and  6.7  feet.  Above  6.7  feet  the  curve  depends  on  one  measure- 
ment at  10.3  feet.  The  table  has  been  extended  beyond  these  limits.  Above  Rage 
height  9.2  feet  the  rating  curve  is  a  tangent,  the  difference  being  210  per  tenth. 
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Kstimaled  monthly  diMchcerge  of  Pemigeivasset  Rhrr  at  Plymouth,  N.  H,,  1886-1904. 

[Drainage  area,  615  square  miles.] 


Month. 


1886. 

April  15-30 

May 

Jane 

July 

August 

September 

October 

November  1-15 - . 

1887. 

April  15-30 

May 

June 

July 

August 

September 

October 

November  1-15 

1888. 

April  15-30 

May 

J^ne 

July 

August : 

»September 

October 

November  1-15 

1889. 

April  15-30 

Mav 

June 

July 

August 

September 

October 

November  1-16 

1KB  124—05 7 


Discharge  in  second-feet. 


Maximum. 


13, 310 
4,975 
2,350 
1,713 
1,407 
2,896 
2,070 
3,770 

15,720 

16,460 

20,450 

8,970 

2,020 

900 

1,263 

497 

22,760 
20,140 
5,400 
1,632 
2,020 
7,685 
6,290 
7,020 

8,870 
7,400 
11,210 
7,495 
7,875 
7,020 
8,670 
2,190 


Minimum. 


Mean. 


2,805 
1,182 
593 
395 
305 
185 
350 
964 

2,717 
2,190 
766 
766 
593 
350 
350 
350 

1,858 

3,415 

350 

350 

305 

350 

1,335 

1,857 

2,350 
964 
654 
545 
350 
239 
654 

1,110 


Run-off. 


7,247 

2,334 

1,085 

551 

475 

540 

653 

1,828 

7,295 

6,871  ! 

3,006  ; 

2,002  ' 

1,040 

565 

473 

413 

5,309 
8,756 
1,867 
697 
684 
1,816 
2,729 
3,066 

5,315 
2,092 
2,183 
1,700 
1,362 
1,077 
2,018 
1,548 


Second-feet 

per  NQuare 

mile. 

Depth  in 
inches. 

11.78 

6.57 

3.80 

4.38 

1.76 

1.96 

.896. 

1.04 

.772 

.890 

.878 

.980 

1.06 

1.22 

2.97 

1.66 

11.86 

6.62 

11.17 

12.88 

4.89 

5.46 

3.26 

3.76 

1.69 

1.95 

.919 

1.03 

.769 

.887 

.672 

8.64 
14.24 
3.04 
1.13 
1.11 
2.95 
4.44 
4.99 

8.64 
3.40 
3.55 
2.76 
2.21 
1.75 
3.28 
2.52 


.372 

4.82 
16.42 
3.39 
1.30 
1.28 
3.29 
5.12 
2.78 

4.82 
3.92 
3.96 
3.18 
2.55 
1.95 
3.78 
1.40 
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Egtimated  monthly  discharge  of  Pemigewdsgel  River  at  Plymouth,  X,  H.,  1886- 1904 — 

Continued. 


Month. 


1890. 

April  16-30 

May 

June 

July 

August 

September 

October 

November  1-15. . . 

1891. 

April  15-30 

May 

June 

July 

August 

September 

October 

November  1-1 5 

1892. 

April  15-30 

May 

June 

July 

August 

Septeml)er 

October , 

November  1-15  .., 

1893. 

April  15-30 

May 

June , 

July 

Auga*<t 

Scpteml)er , 

Octol)er 

November  1-15  . , 


Discharge  In  second-feet. 


Run-ofT. 


Maximum. 


8 

17 

3 

i 

10 

15 

/ 

1 

15 
4 
2 
3 
3 
1 


2 

/ 

10 
9 
6 
9 


5 

17 

2 

6 
1 


970 
510 
770 
495 
680 
410 
210 
857 

410 
560 
350 
415 
100 
335 
593 
940 

618 
020 
170 
670 
290 
670 
710 
920 


230 
200 
805 
395 
925 
560 
6, 925 
1,785 


Minimum. 


I 


3,620 

2,270 

.    710 

395 

270 

900 

964 

1,110 

3,100 
1,335 
493  I 
305 
270 
185 

ia5 

145 

900 
1,407 
497 
270 
185 
350 
327 
545 

2,020 
1,488 
395 
165 
165 
270 
270 
497 


Mean. 


Second-feet 

per  sQuare 

mite. 


5,714 
6,619 
1,690 
1,154 
1,671 
3,302 
2,101 
1,360 

8,380 
2,705 
1,190 
783 
809 
515 
234 
421 

1,467 
3,277 
2,290 
1,695 
1,211  i 
1,029 
466 
1,385 

2, 923 

7,117 
958 
241 
692 
619 

1,(>48  j 
864  1 


9.29 
10.76 
2.75 
1.88 
2.72 
5.37 
3.42 
2.21 

■ 

13.63 
4.40 
1.93 
1.27 
1.32 
.837 
.380 
.685 

2.39 
5.33 
3.72 
2.76 
1.97 
1.67 
.755 
2.25 

4.75 
11.57 
1.56 
.392 
1.13 
1.01 
2.68 
1.41 


Depth  in 
inches. 


5.18 
12.41 
3.07 
2.17 
3.14 
5.99 
3.94 
1.24 

7.60 
5.07 
2.15 
1.46 
1.52 
.934 
.438 
.382 

1.33 
6.13 
4.15 
3.18 
2.27 
1.86 
.870 
1.25 

2.65 

13.34 

1.74 

.452 

1.30 

1.13 

3.09 

.787 
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J'JMimatrd  monthbj  discharge  of  Pemigtioasset  River  at  PlymoutJt,  N.  JL,  t88fi-1904- 

Continaed. 


Month. 


1804. 

April  15-30 

May 

Jane 

July 

August 

September 

October , 

November  1-16 


DlflchaiKe  in  aecond-feet. 


MaTimnm. 


1805. 

April  15-^ 

May 

June 

July 

August 

September 

October 

November  1-15 


1896. 

April  15-30 

May 

June 

July 

August 

September 

October 

November  1-15  .. 


1897. 

April  15-30 

May 

June 

July 

August 

September 

October 

November  1-15  . . . 


18,560 

14,680 

6,290 

766 

270 

4,400 

2,530 

.  4,560 

13,730 
6,290 
1,785 

710 
1,182 

710 
2,190 
5,400 

18,560 
2,618 
1,632 
3,285 
1,335 
6,290 
11,210 
19, 610 

13,  840 

22,240  ! 

13,420  j 

30,640 

1,335 

443 

2,530 

5,840 


Mlnftniim- 


2,805 
654 
497 
165 
145 
145 
209 
545 

3,416 
710 
395 
209 
239 
185 
305 
545 

2,530 
593 
239 
186 
239 
270 
545 
900 


Mean. 


6,513 

2,519 

1,380 

419 

170 

598 

635 

1,337 

6,432 
2,313 
846 
388 
469 
294 
677 
1,457 

7,986 

1,358 

716 

497 

493 

1,298 

1,738 

3,560 


3,220 

7,497 

1,335 

4,085 

900 

2,658 

654 

3,878 

395 

698 

185 

259 

165 

363 

209 

1,493 

Run-off. 


Second -feet 

per  square 

mUe. 


Depth  in 
inches. 


10.69 

6.91 

4.10 

4.73 

2.24 

2.50 

.681 

.785 

.276 

.318 

.972 

1.08 

1.03 

1.19 

2.17 

1.21 

10.46 

5.84 

3.76 

4.33 

1.37 

1.53 

.631 

.728 

.763 

.880 

.478 

.533 

1.10 

1.27 

2.37 

1.32 

12.99 

7.25 

2.21 

2.55 

1.16 

1.29 

.808 

.932 

.802 

.925 

2.11 

2.35 

2.83 

3.26 

5.79 

3.23 

12.19 

6.80 

6.64 

7.66 

4.32 

4.83 

6.31 

7.27 

1.13 

1.:^ 

.421 

.470 

.590 

.680 

2.43 

1.36 

100 
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Estimated  monthly  discharge  of  PemigeuKisset  River  at  Plymo^jUh,  N.  H.^  1886-1904 — 

Ck)iitinued. 


Month. 


1898. 

April  15-30 

May 

June 

July 

August 

September 

October 

November  1-15 


1899. 

April  15-30 

May 

June 

July, 

August 

September 

October 

November  1-15  . . . 

1900. 

April  15-30 

May 

June 

July 

August 

September 

October 

November  1-15  . . . 

1901. 

April  15-30 

May 

June : 

July 

August 

September 

October 

November  1-15  . . , 


Diflcharge  in  i>econd-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  Huuare 

mile. 

Depth  in 
inches. 

11,420 

3,100 

5,395 

8.77 

4.89 

14,360 

2,020 

3,460 

5.63 

6.49 

4,160 

710 

1,517 

2.47 

• 

2.76 

654 

156 

290 

.472 

.544 

766 

145 

302 

.491 

.566 

1,182 

145 

341 

.554 

.618 

7,685 

270 

1,122 

1.82 

2.11 

2,340 

654 

1,147 

1.87 

l.(H 

14,880 

4,805 

9,448 

15. 36 

8.57 

16,140 

964 

3,680 

5.98 

6.89 

1,182 

239 

458 

.745 

.831 

836 

185 

317 

.516 

.595 

497 

132 

197 

.320 

.369 

836 

120 

193 

.315 

.351 

2,270 

132 

307 

.499 

.575 

3,220 

185 

788 

1.28 

.713 

19, 610 

4,000 

9,870 

16.05 

9.25 

13,000 

1,560 

3, 953 

6^42 

7.40 

6,470 

209 

900 

1.46 

1.63 

1,110 

185 

263 

.428 

.493 

900 

147 

260 

.407 

.469 

710 

134 

215 

.360 

.390 

3,770 

209 

730 

1.19 

1.37 

7,685 

239 

1,866 

1         3.03 

1.69 

12,780 

4,160 

6,706 

10.90 

6.08 

12,260 

1,713 

3,895 

6.33 

7.30 

2,896 

395 

1,170 

1.90 

2,12 

2, 530 

270 

571 

.928 

1.07 

6,290 

270 

1,016 

1.65 

1.90 

395 

185 

259 

.421 

.470 

3,  770 

209 

660 

1.07 

1.23 

710 

239 

361 

.587 

.327 
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Eittimated  fnonthly  discharge  of  Pemigewcmel  Rirer  at  Plymouth,  iV.  H.y  188S-1904 — 

Continued. 


Month. 


1902. 

April  15-30 

May 

June 

July 

Aog^uflt 

September 

October 

November  1-16  , . 

1903. 

April  15-30 

May 

June 

July 

August 

September 

October 

November 

December  1-20. . . 

1904. 

April  5-30 

May 

June 

July 

August 

September 

October 

November 

I>ecember 


Discharge  in  second  feet. 


Maximum. 


6,290 
12,260 
6,290 
3,220 
1,335 
4,560 
18,560 
2,350 

3,100 
3,620 
10,900 
2,896 
2,190 

497 
1,605 

710 

940 
> 

11,420 

11,840 

1,200 

1,020 

5,400 

6,470 

7,780 

876 

515 


Minimum. 


1,940 
305 

1,110 
710 
365 
305 
766 

1,110 

350 

:«5 

350 
310 
'443 
144 
149 
215 
215 

1,398 
980 
282 
149 
215 
149 
545 
340 
232 


Mean. 


3,266 
3,377 
2,044 
1,431 
696 
1,128 
2,538 
1,617 

1,729 
1,286 
2,099 
725 
758 
264 
486 
412 
376 

4,607 

4,741 

637 

338 

594 

1,045 

1,522 

554 

372 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


5.31 
5.49 
3.32 
2.33 
1.13 
1.83 
4.13 
2.63 

2.81 
2.09 
3.41 
1.18 
1.23 
.429 
.790 
.670 
.611 

7.49 
7.71 
.873 
.550 
.966 
1.70 
2.47 
.901 
.605 


2.96 
6.33 
3.70 
2.69 
1.30 
2.04 
4.76 
1.47 

1.56 
2.41 
3.80 
1.36 
1.42 
.479 
.911 
.748 
.454 

7.24 
8.89 
.974 
.634 
1.11 
1.90 
2.85 
1.01 
.698 


CX)NTOOCOOK   RIVER  AT  WEST  HOPKINTON,  N.  H. 

This  station  was  established  July  9,  1903,  by  H.  K.  Barrows.  It  Ls 
located  at  th6  wooden  highway  bridge  near  the  railway  station  at  West 
Hopkinton.  The  drainage  area  at  this  point  is  410  square  miles.  A 
standard  chain  gage  is  attached  to  the  downstream  side  of  the  board 
covering  of  the  bridge;  length  of  chain,  26.11  feet.     It  is  referred  to 
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a  bench  mark  on  the  highest  point  of  the  large  rock  on  the  south  side 
of  the  road,  15  feet  northwest  of  left  abutment;  elevation,  21.55  feet 
above  gage  datum.  The  initial  point  for  soundings  is  at  the  down- 
stream side  of  the  left  abutment  at  the  top.  The  channel  is  straight 
for  300  feet  above  and  500  feet  below  the  station,  and  is  about  12o 
feet  wide  at  ordinary  stages.  The  banks  are  high  and  rocky  and 
not  subject  to  overflow.  The  bed  is  rough  and  rocky,  but  permanent. 
The  current  is  rapid;  the  lowest  observed  mean  velocity  is  l.iJO  feet 
per  second,  at  gage  height  2.42  feet.  The  gage  is  read  twice  daily  by 
Frank  H.  Carr. 

The  obsen'ations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  of  Conioocook  River  at  West  HopkinUm,  N.  H.,  in  1903  and  1904. 


Date. 


1903. 

July  9 

July  14 

July  30 

September  8 
October  7 . . . 


1904. 
Aprils 

April  22 

May  24 

June? 

August  4 

September  27 
October  15... 
November  4 . 


Hydrographer. 


H.  K.  Barrows. 
N.  C.  Grover... 
H.  K.  Barrows. 

do 

N.  C.  Grover... 


N.  C.  Grover  and  S.  K. 
Clapp. 

S.  K.  aapp 

do 

do 

.....do  

T.  W.  Norcross 

do 

do 


Area  of 
section. 

Mean 
velocity. 

Ga«e 
heli^t. 

Square/eet. 

Ft.  per  sec. 

Feet. 

208 

1.79 

3.00 

179 

1.90 

2.93 

178 

1.71 

2.84 

142 

1.55 

2.58 

127 

1.20 

2.42 

556 

6.15 

5.70 

443 

4.70 

4.70 

366 

3.67 

4.18 

242 

2.71 

3.36 

164 

1.51 

2.62 

160 

1.43 

2.60 

202 

1.47 

2.91 

169 

1.40 

2.68 

Discharge. 

Second-feet. 
372 
340 
3a5 
220 
153 

3,420 

2,080 
1,340 
655 
247 
229 
298 

2:^7 
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}ffa)t  daUy  tjage  height^  in  feel j  of  Contoocook  River  al  West  Jfo}}hirUonf  N.  II.  ^  for  1904* 


Day. 

Mar. 

Apr. 

May. 

1 

5.55 
6.80 
6.70 
6.15 
5.70 
5.60 
5.80 
6.00 
6.85 
7.70 
8.15 

7.80 

o 

6.80 

3 

6.25 

4 

5.80 

5 

4.90 

6 

4.50 

7 

4.80 

8 ' 

4.20 

9 

4.10 

10 

4.80 

11 

5.00 

12 

7.15 

5.10 

18 

6.30 
5.85 
5.40 
5.15 
5.00 
5.00 
5.20 
5.80 
5.10 
4.90 
4.70 
4.50 
4.55 
4.60 

4.80 

14 

4.40 

15 

4.20 

16 

4.60 

17 

4.60 

18 

4.80 

19 ; 

5.00 

•JO 

6.20 

21 

5.85 

22 

5.80 

28 

4.80 

24 

4.40 

25 

4.20 

26 

4.20 

27 

12.70 

4..>in 

4.20 

28 

10.90        6.00 

4.06 

29 

8.50  !      8.70 

8.80 

30 

6.85 
6.25 

9.30 

8;  65 

31 

8.55 

June. 

8.50 
8.45 
8.40 
8.40 
8.40 
8.40 
8.60 
8.80 
8.70 
3.55 
8.40 
8.80 
3.15 
8.10 
8.20 
8.10 
8.10 
3.00 
8.00 
2.90 
2.90 
2.90 
2.90 
2.95 
2.95 
2.90 
2.90 
2.80 
2.75 
3.00 


July. 


Aug.   '  Sept.   I    Oct 


Nov. 


Dec. 


3.65 

3.00 

2.60 

3.85 

1 
2.90        a3.75 

4.00 

2.80 

2.70 

8.26 

2.90  1     a3.70 

3.90 

2.70 

2.65 

8.05 

2.90        a3.70 

3.60 

2.80 

2.70 

8.00 

2.90        a3.70 

3.20 

2.80 

2.70 

8.00 

2. 90        (6) 

3.15 

2.70 

2.65 

2.90 

2.90    

8.10 

2.70 

2.65 

2.90 

2.85   

3.10 

2.70 

2.70 

2.90 

2.80 

8.00 

2.70 

2.70 

2.80 

2.85    

2.95 

2.60 

2.70 

2.80 

2.80    

2.90 

2.80 

2.60 

2.75 

2.80    

2.85 

8.40 

2.70 

2.90 

2.80    

2.85 

8.25 

2.70 

3.00 

2.80    

2.80 

8.10 

2.60 

8.10 

2.80    

2.80 

2.90 

3.80 

3.10 

2.90    

2.75 

2.80 

4.80 

3.10 

3.05  ! 

2.75 

2.75 

4.55 

3.00 

8.10    

2.80 

2.65 

8.85 

2.80 

3.10  ' 

2.80 

2.60 

3.50 

2.80 

3.15    

2.80 

2.70 

3.15 

2.90 

8.00 

2.85 

3.35 

3.05 

3.00 

3.10    

2.80 

3.60 

2.90 

3.60 

8.20 ; 

2.80 

3.30 

2.80 

8.80 

8.20  ' 

2.75 

8.00 

2.80 

3.55 

3.30   

2.80 

2.90 

2.80 

8.85 

3.30  i 

2.80 

2.  HO 

2.80 

8.25 

8.20   

2.90 

2.K0 

2.80 

3.20 

8.20 

2.90 

2.70 

2.85 

3.15 

a3.40    

2.90 

2.70 

2.85 

3.00 

a8.70    

2.90 

2.60 

3.10 

8.00 

a3.60 

2.80 

2.60 

2.90 

........ 

a  Anchor  Ice  affectM  gage  heights. 

f»  River  frozen  over.    Gage  not  read  during  froxen  seanou. 
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Rating  table  for  Contoooook  River  at  West  Hopkinton,  N.  JT.,  from  July  P,  1903,  to  December 

SI,  1904, 


Gage 
height. 

Dischaige. 

Gage 
height. 

Diflchaige. 

Gage 
height. 

Diflcharge. 

I 

i     Gage 
height 

Dischaige. 

1 

Fat. 

Second-feet. 

1      Ffvt. 

Second-feet.  • 

Feci. 

Second-feet. 

Feet. 

Second-fed. 

2.5 

185 

•      3.6 

825 

4.7 

2,060 

5.8 

3,580 

2.6 

220 

3.7 

915 

4.8 

2, 195 

5.9 

3,720 

2.7 

255 

3.8 

1,005 

4.9 

2,330 

6.0 

3,860 

2.8 

295 

3.9 

1,100 

5.0 

2,465 

6.1 

4,oa5 

2.9 

335 

4.0 

1,200 

5.1 

2,600 

6.2 

4,150 

3.0 

380 

4.1 

1,310 

5.2 

2,740 

6.4 

4,440 

3.1 

435 

4.2 

1,420 

5.3 

2,880 

6.6 

4,730 

3.2 

500 

4.3 

1,540 

5.4 

3,020 

6.8 

5,020 

3.3 

570 

4.4 

1,660 

5.5 

3,160 

7.0 

5,310    i 

3.4 

650 

4.5 

1,790 

5.6 

3,300 

1 

3.5 

735 

4.6 

1,926 

5.7 

3,440 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
13  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  2.5  feet  and  5. 70  feet.  The  table  has  been  extended  beyond  these  limits. 
Above  gage  height  6  feet  the  rating  curve  is  a  tangent,  the  difference  being  145  per 
tenth. 

Estimated  mxmthly  discharge  of  CorUoocook  River  at  West  Hopkinton,  N.  H,,  for  190S 

and  1904. 
[Drainage  area,  410  square  miles.] 


Month. 


1903. 
July  9-31 

August 

September 

October 

November  1-25  . . 

1904. 
April 

May 

June 

July 

August 

September 

October 

November  1-27 . . . 


Discharge  in  second-feet 


Maximum. 


1,150 

650 

408 

1,150 

1,081 

8,645 
6,470 

i,oa5 

1,200 

825 

2,195 

1,005 

570 


Minimum. 


295 
210 
161 
170 
248 

1,790 
780 
275 
275 
220 
220 
275 
295 


Mean. 


489 
366 
240 
488 
396 

3,751 
2,231 
516 
418 
340 
467 
442 
387 


Run-off. 


Second-feet 

per  square 

mile. 


1.19 
.893 
.585 

1.19 
.966 

9.15 
5.44 
1.26 
1.02 
.829 
1.14 
1.08 

l\i  A 


Depth  In 
Inches. 


1.02 
l.Oi 
.653 
1.37 

.898 

10.2 
6,27 
1.41 
1.18 

.956 
1.27 
1.24 

.948 
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8UNCOOK    RIVEB  AT  EAST   PEMBROKE,  N.  H. 

This  stream  enters  the  Merrimac  about  6  miles  below  Concord  and 
is  about  27  miles  long,  with  a  total  drainage  area  of  about  270  square 
miles.  The  drainage  basin  is  hilly  and  broken;  the  bed  and  banks  are 
apt  to  be  rocky.  This  stream  has  a  large  fall,  a  considerable  part  of 
which  has  been  developed. 

A  gaging  station  was  established  at  East  Pembroke  on  November  3, 
1904,  by  H.  K.  Barrows.  The  drainage  area  at  this  point  is  about  250 
square  miles.  A  wooden  staif  gage  is  fastened  to  the  abutment  of  the 
highway  bridge  over  the  canal  channel  to  a  mill  near  this  point,  which 
was  recently  destroyed  by  fire.  This  is  near  the  Allenstown  station 
on  the  Boston  and  Maine  Railroad.  At  present  all  of  the  water, 
except  a  slight  amount  of  leakage  through  the  dam,  goes  through  this 
canal.  This  is  intended  as  a  temporary  station,  and  the  gage  is  read 
hy  George  P.  Cass,  of  East  Pembroke.  The  records  of  flow  at  this 
point  will  be  published  when  completed. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hydrographer. 

SUDBURY  RTVER  AT  FRAMINOHAM  AND  LAKE  COCHITUATE  AT 

COCHITUATE,  MASS. 

Sudbury  River,  a  small  stream  of  eastern  Massachusetts,  receives 
water  from  an  area  west  of  Framingham.  It  flows  thence  in  a  northerly 
course  through  meadows  and  swamps  and  joins  Assabet  River  to  form 
Concord  River,  which  in  turn  continues  northerly,  entering  Merrimac 
River  immediately  below  the  city  of  Lowell.  Storage  reservoirs  have 
been  constructed  by  the  city  of  Boston  and  the  Metropolitan  Water 
and  Sewerage  Board,  controlling  the  greater  part  of  the  flow  from 
this  basin. 

Lake  Cochituate  drains  into  Sudbury  River  a  short  distance  below 
Framingham.  It  is  controlled  as  a  storage  reservoir  by  the  Metro- 
politan Water  Works. 

Sudbury  River  and  Lake  Cochituate  have  been  studied  by  the  engi- 
neers of  the  city  of  Boston,  the  State  board  of  health  of  Massachusetts, 
and  the  Metropolitan  Water  and  Sewerage  Board,  and  records  of  rain- 
fall in  the  Sudbury  basin  have  been  kept  sin<'e  1875,  and  in  the  Cochi- 
tuate basin  since  1852,  but  the  latter  are  considered  of  doubtful  accuracy 
previous  to  1872.  The  records  of  run-oflf  from  1875  to  1898,  inclusive, 
for  Sudbury  River,  were  published  in  the  Twentieth  Annual  Report, 
Part  IV,  and  those  for  Lake  Cochituate  from  1863  to  1899,  inclusive, 
in  W^ater-Supply  and  Irrigation  Paper  No.  35. 

The  following  tables,  furnished  by  Frederic  P.  Stearns,  give  the 
results  for  1904;  also  the  averages  for  thirty  years  for  Sudbury  River, 
and  for  forty-two  years  for  Lake  Cochituate. 
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Efiirnaled  rnurUhly  run-off  of  Sudbury  River  at  Framinghamf  Mans, 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November . 

December 

The  year 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Run-off. 

Month. 

Second-feet 

peraouare 

mile. 

Depth  in 
inches. 

Rainiallin 
inches. 

1904. 

0.738 

1.365 

4.640 

5.096 

2.699 

.648 

.096 

.262 

.614 

.295 

.447 

.417 

0.851 
1.472 
5.349 
5.685 
3.112 
.723 
.111 

.3as 

.685 
.348 
.499 
.481 

4.  87 

3.00 

2.72 

8.87 

*'*""""**    --•---•-•• 

2.  t>5 

2.80 

1.  9«> 

3.86 

5.80 

ll.<>4 

1.73 

2.92 

1.441 

19. 619 

42.  82 

75-1904. 

1.882 

2.879 

4.620 

3.273 

1.766 

.807 

.299 

.450 

.368 

.327 

1.343 

1.675 

2.170 

3.023 

5.326 

3.652 

2.036 

.901 

.345 

.519 

.411 

.903 

1.600 

1.931 

4.21 

• 

4.34 

4.59 

3.61 

3.34 

• 

3.09 

3.67 

4.06 

3.32 

4.22 

3.96 

3.81 

« 

1.673 

22*717 

46.22 
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Yield  and  rainfaU  in  Lake  Cochituaie  wiUershed. 
[Drainage  area,  18.87  square  miles:.] 


Month. 

Total  yield 

in  million 

gallons. 

Yield  of  1 » 

Million 
gallons 
per  day. 

quare  mile. 

Cubic  feet 
per  second. 

Total 

rainfall  in 

inches. 

4.76 
3.11 
2.78 
8.68 
2.14 
2.86 
1.80 
3.32 
6.78 
1.66 
1.84 
2.39 

Rainfall 
collected 
in  inches. 

Per  cent 
collected. 

1904. 

January 

February 

March 

April 

343.9 

412.6 

1,663.3 

1, 717. 7 

768.1 

178.8 

22.4 

160.6 

329.6 

137.8 

277.3 

263.9 

0.688 

.754 

2.666 

3.034 

1.313 

.316 

.038 

.267 

.682 

.236 

.490 

.461 

0.910 

1.167 

4.108 

4.696 

2.032 

.489 

.069 

.398 

.901 

.364 

.768 

.698 

1.06 

1.26 

4.73 

6.24 

2.34 

.66 

.07 

.49 

1.00 

.42 

.86 

.80 

22.1 

40.5 

170.4 

60.4 

May  -....-..-- 

109.5 

June.......... 

19.1 

July 

3.8 

August 

September  .... 

October 

November  .... 
December 

14.8 
14.8 
26.3 
46.0 
.      33.7 

The  year. 

6, 166. 9 

.891 

1.379 

42.11 

18.80 

44.6 

1863-1904. 

January 

February 

March 

April  -,....... 

27, 622. 0 
36, 927. 9 
64,884.1 

41. 312. 8 

24. 496. 9 

11. 124. 8 
7, 329. 6 

10, 469.  7 

10. 031. 9 
14, 298. 3 
19, 485. 2 
23,661.8 

1.124 

1.606 

2.234 

1.738 

.997 

.468 

.298 

.426 

.422 

.582 

.820 

.963 

1.789 

2.484 

3.455 

2.688 

1.543 

.691 

.462 

.659 

.653 

.376 

1.268 

1.489 

166.60 
169. 39 
186. 91 
156.31 
156. 57 
126.51 
173.60 
185.03 
147. 27 
185. 03 
175. 20 
148. 95 

2.01 

2.61 

3.98 

3.00 

1.78 

.81 

.53 

.76 

.73 

1.04 

1.42 

1.72 

60.9 
64.7 
89.5 
81.1 

May ..... 

47.7 

^  .......... 

June ..... 

26.8 

July.. 

August 

September 

October 

November 

December 

12.9 
17.3 
20.8 
23.6 
33.9 
48.4 

The  year. 

280, 634. 0 

.970 

1.600 

1, 975. 37 

20.38 

43.3 

Yields  in  cubic  feet  per  second  per  sqimre  mUe,  of  Lake  Cochituaie  vxiterahed,  1900-1904.^ 

[Drainage  area,  18.87  square  miles.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May! 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Aver- 
age. 

1900.... 

1.060 

4.136 

4.020 

1.454 

1.641 

0.455 

0.293 

0.568 

0.640 

0.689 

1.087 

1.502 

1.445 

1901.... 

.840 

.629 

8.845 

4.649 

3.704 

1.019 

.792 

1. 101 

1.012 

1.083 

1.034 

3.675 

1.959 

1902.... 

2.071 

1.984 

6.022 

2.741 

.955 

.319 

.398 

.604 

.688 

.814 

.710 

2.052 

1.612 

190S.... 

2.184 

2.7S4 

4.311 

3.106 

.689 

2.132 

.553 

.408 

.130 

.886 

.534 

.815 

1.631' 

1904.... 

.910 

1.167 

4.108 

4.695 

2.032 

.489 

.069 

.398 

.901 

.364 

.758 

.698 

1.379 

a  Corrected  for  water  drawn  from  Dudley  Pond. 
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NASHUA   RIVER   (sOUTH   BRANCH)   AT  CLINTON,   MASS. 

Since  July,  1896,  the  flow  of  the  South  Branch  of  Nashua  River  has 
been  measured  at  Clinton  by  the  engineers  of  the  Metropolitan  Water 
and  Sewerage  Board.  The  results  of  these  measurements  have  been  fur- 
nished by  Frederic  P.  Stearns,  chief  engineer.  A  large  storage  reser- 
voir is  now  being  constructed  .at  Clinton,  Mass.  Water  was  stored  to 
an  appreciable  extent  in  this  reservoir  during  1903.  Beginning  with 
1897  the  flow  has  been  corrected  for  loss  and  gain  of  storage  in  ponds 
and  mill  reservoirs  on  the  watershed,  so  that  the  results  show  the 
natural  flow  of  the  stream.  The  following  tables  give  the  results  for 
1904,  also  the  average  for  the  years  1897-1904,  inclusive. 

Yield  and  rainfaU  in  Nashua  River  {Sovlh  Branch)  Watershed. 

[Draina^  area,  119  square  miles.] 


Month. 


1904. 

January 

February 

March 

April 

May 

June 

July 

August 

September  ... 

October 

November 

December 

The  year 

1897-1904. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


Total  Yield 

in  million 

gallons. 


2, 432. 6 

3, 198.  7 

11,094.8 

10, 654. 1 

5, 524. 5 

2. 719. 8 
1, 832. 5 
1,309.1 
1,  763.  7 
1,281.9 

1. 222. 9 
1,621.5 


44, 656. 1 


34. 554. 1 
41,853.9 
94, 026.  6 

74. 906. 4 
39, 191.  8 

26. 547. 5 

15. 625. 2 
15, 828. 9 
10, 218.  0 

18. 124. 6 
24,581.8 
46, 998. 0 

442, 456.  8 


Yield  of  1  square  mile. 

Million  gal- 
lons per  day. 

Cubic  feet 
per  second. 

0.659 

1.020 

.927 

1.434 

3.008 

4.653 

2.984 

4.617 

1.498 

2.317 

.762 

1.179 

.497 

.769 

.355 

.549 

.494 

.764 

.347 

.538 

.  343 

.530 

.440 

.680 

1.025 

1.550 

1.171 

1.563 

3. 186 

2.623 

1.328 

.929 

.530 

.536 

.358 

.614 

.861 

1.593 

1.273 


1.811 

2.418 

4.930 

4.058 

2.054 

1.438 

.819 

.830 

.553 

.397 

.556 

2.464 

1.969 


Total 

rainfall  in 

inches. 


4.02 
2.66 
3.40 
7.45 
2.99 
3.44 
3.84 
3.68 
5.30 
1.78 
1.62 
2.88 


43.06 


28.94 
33.09 
40.29 
36.00 
27.60 
35.15 
35.48 
36.55 
28.24 
30.04 
30. 15 
39.01 

400.54 


Rainfall 

collected  in 

inches. 


1.176 

1.547 

5.361 

5.149 

2.671 

1.315 

.886 

.633 

.853 

.620 

.591 

.784 


21.586 


2.088 
2.530 
5.683 
4.528 
2.369 
1.605 

.  trji 

.957 

.617 

1.095 

1.486 

2.840 

26. 742 


Per  cent 
collected. 


29.3 

53-1 
157.7 
69.1 
89.  :i 
38.2 
23.1 
17.2 
16.1 
34.  ,s 
29.0 
27.2 


50.2 


5/.  i 
61.2 
112.8 
100.6 
68.7 
36.5 
21.3 
20.9 
17.5 
29.2 
39.4 
58.3 

53.4 
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Yield, 


in  cubic  feel  per  second  per  sfjuare  mile,  of  Nashua  River  (South  Branch)  loaierahed, 

1897-1904. 


[Drainage 

area,  119  square  miles.] 

Year. 

1 
Jan.     Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.      Oct. 

1 

Nov. 

Dec. 

Year. 

IJW.... 

1.232     1.440 

4.270 

2.525     1.800 

1.828 

2.231 

1.886 

0.528 

0.877 

1.984 

3.521 

1.938 

1H9S 

2.418  1  2.530 

4.778 

3.137     2.151 

1.281 

.514 

2.049 

1.045 

2.384 

8.358 

3.189 

2.400 

1899.... 

3.236 

1.687 

4.295 

5.224 

1.344 

.869 

.548 

.365 

.  .887 

.379 

.666 

.555 

1.626 

1900.... 

1.232 

6.271 

5.769 

2.444 

2.189 

.894 

.336      .304 

.197 

.437 

1.854 

2.429 

1.956 

1901.... 

.803 

.651 

4.2a5 

7.711  '  4.222 

1.525 

.788 

.792 

.495 

1.001 

.799 

5.002 

2.332 

1902.... 

2.579     2.168 

6.176 

3.341  ,  1.595 

.635 

.462 

.469 

.872 

1.471 

.982 

2.869 

1.980 

1903.... 

1.957     3.300 

5.297 

3.463 

.880 

3.297 

.966 

.784 

.580 

1.065 

.981 

1.476 

1.988 

1904.... 

1.020     1.434 

4.653 

4.617 

2.317 

1.179 

.709 

.649 

.764 

.638 

.580 

.680 

1.550. 

BliACKSTONE  RIVER  DRAIl^AGE  BASIN. 

Blackstone  River  rises  in  Worcester  County,  near  the  city  of  Worces- 
ter, flowing  in  a  southeasterly  course  and  emptying  into  Providence 
River  at  Providence,  below  Pawtucket,  where  it  is  generally  known 
as  Seekonk  River.  It  has  always  been  important  as  a  water-power 
stream,  and  has  been  very  fully  developed  in  this  way.  There  are  no 
large  lakes  in  the  basin  but  numerous  small  ponds  and  reservoirs  used 
for  storage,  and  the  flow  of  the  river  is  quite  constant.  It  has  num- 
erous tributaries,  all  of  which,  though  small,  are  utilized  for  power 
purposes. 

A  gaging  station  was  maintained  by  the  United  States  Geological 
Survey  at  Berkeley,  R.  I.,  from  May,  1901,  through  the  year  1902,  and 
records  obtained  at  this  point  may  be  found  in  Water-Supply  and  Irri- 
gation Papers  Nos.  65  and  82.  This  station  has  been  discontinued, 
owing  to  backwater  influence  from  dams  and  generally  unsatisfactory 
conditions.  The  United  States  Geological  Survey  maintains  a  gaging 
station  on  Blackstone  River  at  the  present  time  at  Woonsocket,  R.  I. 

BliACKSTONE  RIVER  AT  WOONSOCKET,    R.    I. 

This  station  was  established  April  5,  1904,  by  N.  C.  Grover.  It  is 
located  at  "River  Street  Bridge,"  about  midway  between  the  rail- 
road station  at  Woonsocket,  R.  I.,  and  that  of  Blackstone,  Mass.,  being 
li  miles  from  either  of  these  two  points.  The  drainage  area  at  this 
point  is  360  square  miles.  It  is  about  1  mile  below  the  dam  at  Black- 
stone and  one-half  mile  above  the  dam  at  Woonsocket,  and  probably 
the  flow  is  somewhat  influenced  by  this  latter. 

A  standard  chain  gage  is  attached  to  the  upstream  side  of  the  steel 
highway  bridge;  length  of  chain,  22.57  feet.  The  gage  is  referred  to 
bench  marks  as  follows:  (1)  On  the  corner  of  the  upstream  face  of  the 
right  abutment;  elevation,  18.23  feet  above  gage  datum.  (2)  A  marked 
point  on  the  bridge  near  the  gage;  elevation,  20.26  feet  above  gage 
datum.  (3)  On  the  upstream  face  of  left  abutment;  elevation,  18.46 
feet  above  gage  datum. 
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Discharge  measurements  are  made- from  the  2-span  bridge  to  which 
the  gage  is  attached.  The  initial  point  for  soundings  is  the  face  of 
the  right  abutment  on  the  downstream  side.  The  channel  is  straight 
for  about  600  feet  above  and  800  feet  below  the  station.  The  banLs 
are  high,  rocky,  and  clean,  and  are  not  subject  to  overflow.  The  bed 
of  the  stream  is  of  rock,  gravel,  and  sand,  and  free  from  vegetation. 
The  velocity  is  medium,  but  well  sustained  during  low  water.  The 
gage  is  read  twice  daily  by  Gerald  Fitzgerald. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  of  BlacksUme  River  at  Woonsocketf  R,  /.,  in  1904- 


Date. 

Hydrographer. 

Area  of 
section. 

April  5 

April  5 

May  6 

N.  C.  Grover 

Square  Jed. 
741 

S.  K.  Clapp 

do 

745 
767 

June  4......... 

do 

610 

June  24........ 

do 

613 
553 

AufiTUfitS... . 

do 

August  20 

do 

557 

September  19  . . 

H.  K.  Barrows 

576 

Mean 

velocity. 

Qage 
height. 

Disebaige. 

FL  per  sec. 

IM. 

Second-/eeL 

1.82 

4.04 

1,350 

1.95 

4.15 

1,450 

2.09 

4.05 

1,610 

1.16 

3.01 

710 

.95 

2.87 

583 

.86 

2.56 

475 

.79 

2.54 

439 

.88 

2.60 

509 

Mean  daily  gage  height,  in  feet,  of  Blackstone  River  at  Woonsocket,  R,  I.,  for  1904. 


Day. 

Apr. 

May. 

June. 

July. 

1 

6.0 
5.4 
4.8 
4.3 
4.0 
4.0 
8.6 
3.6 
3.8 
4.4 
4.4 
4.2 
8.7 
3.6 
3.5 
3.6 
3.1 
3.3 
3.4 
3.6 
3.4 

3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.2 
3.2 
3.0 
3.0 
2.9 
3.0 
2.9 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
2.8 

2.8 
2.8 
2.6 
2.7 
2.8 
2.8 
2.8 
2.8 
2.2 
2.4 
2.6 
2.8 
2.8 
2.7 
2.8 
2.1 
2.6 
2.8 
2.7 
2.6 
2.6 

2 

3 

4 

6 

4.1 
4.0 
3.6 
3.8 
8.8 
5.4 
6.2 
5.2 
6.0 
4.6 
4.4 
4.2 
4.2 
4.0 
3.6 
3.6 
3.8 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15      

16 

17 

18 

19 

20 

21 

Aug. 

Sept. 

Oct. 

2.6 

2.2 

2.8 

2.6 

2.2 

2,0 

2.5 

2.2 

2.5 

2.6 

2.5 

2.4 

2.6 

2.5 

2.4 

2.8 

2.2 

2.4 

2.6 

2.2 

2.4 

2.4 

2.2 

2.4 

2.2 

2.3 

2.4 

2.2 

2.1 

2.4 

2.4 

2.6 

2.4 

2.4 

2.4 

2.4 

2.1 

2.4 

2.6 

2.6 

2.4 

2.6 

2.6 

8.2 

2.4 

2.4 

4.2 

2.4 

2.5 

3.8 

2.4 

2.4 

3.0 

2.4 

2.4 

2.8 

2.4 

2.2 

2.8 

2.4 

2.8 

2.6 

2.6 

Nov. 


Dec. 


a  Gage  height  not  true  indication  of  flow  as  water  was  drawn  down  at  dam  one-half 
&  River  frozen  over. 


2.4 

2.4 

2.4 

2.4 

2.8 

2.4 

2.3 

2.2 

2.2 

2.2 

2.4 
a  1.9 
al.8 

2.4 

2.5 

2.5 

2.5 

2.6 

2.6 

2.6 

2.5 
mile  below. 


2.2 
l.K 


2.2 

2,2 

•I  •» 

^.  fc 

2.2 
2.S 
2.6 
2.4 

2.3 
2.2 
2.2 
2.2 
2.0 
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Mean  daily  gage  heigfUf  infeei^  of  BlachMane  RitTr  at  Woon»)ckei,  R,  /.,  Jfvr  UH)4 — Con. 


D*y. 

Apr. 

22 

8.6 

23 

8.3 

24 

8.2 

25 

8.2 

26 

2.9 

27 

8.2 

28 

8.0 

•29 

8.7 

30 - 

7.6 

31 

June. 

2.6 
2,7 
2.8 
2.7 
2.7 
2.8 
2.5 
2.6 
2.8 


July. 

Auk. 
2.7 

Sept. 

2.5 

2.5 

2.4 

2.6 

2.6 

2.7 

2.4 

2.6 

2.6 

2.5 

2.4 

2.6 

2.8 

2.5 

2.6 

2.4 

2.5 

2.6 

2.6 

2.6 

2.6 

2.2 

2.6 

2.2 

2.2 

2.8 

2.6 

2.2 

'I  Gage  height  not  true  indication  of  flow  as  water  was  drawn  down  at  dam  one-half  mile  below. 

THAMES  RIVER  DRAINAGE  BASIN. 

This  stream  drains  the  eastern  part  of  Connecticut  and  small  portions 
of  Rhode  Island  and  Massachusetts.  The  country  thus  included  is 
hilly  and  contains  many  natural  lakes  and  ponds  which  have  been 
improved  for  reservoir  purposes.  This  is  a  great  manufacturing  sec- 
tion, being  especially  noted  for  its  cotton  and  woolen  industries,  and 
there  are  many  important  water-power  privileges,  both  developed  and 
undeveloped. 

The  Thames  is  formed  at  Norwich,  Conn.,  by  the  union  of  the  She- 
tucket  and  Yantic  rivers,  and  at  a  distance  of  about  4i  miles  from  New 
Lfondon  enters  Long  Island  Sound.  It  is  a  tidal  stream  telow  Norwich. 
A  few  miles  above  Norwich  Quinnebaug  River  enters  the  Shetucket 
from  the  east.  This  stream  is  the  most  important  tributary  of  the 
Shetucket  as  regards  size,  storage  facilities,  etc.  It  rises  in  the 
southern  part  of  Massachusetts  in  the  town  of  Brimfield,  and  has  a 
total  length  of  about  60  miles.  At  Willimantic  the  Shetucket  divides 
into  the  Willimantic  and  Nachaug  rivers,  which  are,  especially  the 
former,  important  water-power  streams. 

Drainage  areas  of  the  Thames  and  its  principal  tributaries  are  given 
in  the  following  table: 

Drainage  areas  of  Thames  River  and  its  principal  tributaries. 


RlTer. 

Locality. 

Area. 

Thames  - 

Norwich 

Square  miiea. 
1,300 

Do 

New  London 

1,400 

Willimantic 

Mouth 

223 

Nachaofl: 

do 

169 

(^ninnebaug 

Shetucket 

Yantic 

do 

688 

do 

1,200 

do 

98 

112 
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The  United  States  Geological  Survey  maintains  a  gaging  station  on 
Shetucket  River  a  short  distance  below  Willimantic,  Conn. 

SHETUCKET  RtVER  NEAR  WILLIMANTIC,  (X)NN. 

This  station  was  established  April  4,  1904,  by  N.  C.  Grover.  It  is 
located  at  the  highway  bridge  (locally  known  as  Bingham  Bridgo), 
about  1  mile  below  Willimantic  and  1  mile  below  the  junction  of 
Willimantic  and  Nachaug  rivers.  The  drainage  area  at  this  point  k 
396  square  miles.  A  standard  chain  gage  is  attached  to  the  down- 
stream side  of  the  bridge  near  the  center  of  the  left  span;  length  of 
chain,  22.49  feet.     The  gage  is  referred  to  bench  marks  as  follows: 

(1)  Marked  point  on  bridge  near  the  gage  scale;  elevation,  21.46  feet, 

(2)  Top  of  left  abutment  on  the  downstream  corner;  elevation,  21.76 
feet.  (3)  Top  of  face  of  right  abutment  on  the  downstream  corner: 
elevation,  21.19  feet.  (4)  Top  of  downstream  point  of  the  pier;  ele- 
vation, 19.77  feet.     All  elevations  are  referred  to  gage  datum. 

Discharge  measurements  are  made  from  the  2-span  steel  bridge,  tofail 
length  200  feet,  to  which  the  gage  is  attached.  The  initial  point  for 
soundings  is  the  extreme  outer  edge  of  the  end  column  of  the  down- 
stream truss  at  the  left  bank.  The  channel  is  straight  for  about  8(K) 
feet  above  and  below  the  station,  and  there  are  two  channels  at  all 
stages.  The  banks  are  high,  rocky,  and  clean,  and  not  subject  to  over- 
flow. The  bed  of  the  stream  is  of  rock  and  permanent.  Current  is 
swift  at  all  stages.     The  gage  is  read  twice  daily  by  Mrs.  John  Houle. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  of  Shetucket  River  near  WillimantiCf  Conn,^  in  1904- 


Date. 


April  4 

May  5 

June  3 

June  23 

August  2 

August  19  ... 
September  19 

October  3 

October  18... 
November  28 


Hydrographer. 


N.  C.  Grover. . . 

S.  K.  Clapp 

do 

do 

do 

do 

H.  K.  Barrows. 
T.  W.  Norcross 

do 

do 


Area  of 
section. 

Mean 
velocity. 

Gafe 
hei^t. 

Square  Jeet. 

jFY.  per  sec. 

Feet. 

689 

2.32 

4.78 

608 

2.13 

4.15 

420 

1.38 

3.00 

380 

.84 

2.54 

392 

1.13 

2.79 

401 

.87 

2.62 

468 

1.16 

3.08 

427 

1.10 

2.82 

410 

.97 

2.70 

435 

1.13 

2.99 

Discharge. 

Second-fcft 
1,600 
1,290 
580 
320 
443 
350 
644 
470 
400 
493 
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Mean  daibj  gage  height,  infeelj  of  Shetucket  Riier  at  Willitnatiticj  Conn.f  for  1904. 


a  River  frozen  on  December  18. 
Mee  0.4  foot  thick. 
c  Ice  0.15  foot  thick. 


rflcc  0.25  foot  thick. 
« Ice  0.35  foot  thick. 
/  No  ice  December  28-31. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

2.2 
2.1 
2.2 
1.8 
1.6 
2.2 
2.2 
2.4 
1.8 
2.0 
2.2 
2.1 
2.2 
1.9 
6.2 
6.2 
4.0 
8.2 
3.0 
2.9 
2.6 
2.6 
2.0 
2.2 
2.5 
2.2 
2.6 
2.6 
2.6 
2.4 

Oct. 

Nov. 

Dec. 

1 

6.6 
4.8 
4.6 
4.3 
4.1 
8.7 
8.5 
8.6 
4.2 
4.4 
4.5 
4.1 
8.7 
3.4 
3.6 
8.9 
4.2 
8.9 
3.6 
8.8 
8.6 
8.3 
8.2 
8.1 
3.0 
3.0 
3.0 
8.0 
2.8 
2.7 
3.0 

8.1 
8.1 
8.0 
8.0 
2.8 
2.7 
2.7 
2.8 
3.0 
8.0 
2.8 
2.7 
2.4 
2.6 
2.6 
2.6 
2.6 
2.6 
1.9 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
1.7 
2.2 
2.2 
2.2 
2.2 

2.4 
2.2 
2.2 
2.2 
2.4 
2.6 
2.4 
2.4 
2.8 
2.8 
2.3 
2.8 
2.3 
2.3 
2.3 
2.4 
1.7 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
1.7 
2.2 
2.5 
2.6 
2.6 
2.5 
1.9 
1.8 

1.9 
2.8 
2.7 
2.5 
2.8 
2.6 
2.4 
2.9 
2.4 
2.6 
3.6 
3.4 
2.8 
2.4 
2.5 
2.5 
2.1 
2.4 
2.4 
2.3 
3.7 
3.8 
3.2 
3.1 
2.4 
2.3 
1.9 
1.9 
2.2 
2.2 

2.3 

1 

2.3 
2.4 
2.8 
2.2 
2.2 
2.3 
2.2 
2.7 
2.4 
2.9 
2.4 
2.4 
2.8 
3.1 
2.9 
2.6 
3.0 
2.6 
2.8 
2.4 
2.7 
8.8 
3.4 
8.0 
3.0 
2.8 
2.8 
3.0 
2.7 
2.6 
2.6 

1 

2.6 
2.4 
2.6 
2.6 
2.4 
2.0 
2.6 
2.4 
2.5 
2.6 
2.3 
2.2 
2.4 
3.9 
3.8 
8.4 
3.0 
8.0 
2.6 
2.4 
2.8 
2.8 
2.8 
2.6 
2.6 
2.8 
2.4 
2.8 
2.4 
2.5 

2.6 

2 

2  5 

3 

2  0 

4 

6.0 
4.6 
4.2 
4.8 
4.6 
4.6 
7.6 
6.8 
6.8 
6.6 
6.0 
4.6 
4.6 
4.9 
4.6 
4.2 
4.0 
4.0 
8.8 
8.6 
3.5 
8.6 
3.6 
3.8 
6.4 
7.8 
6.5 

2  6 

5 

2  4 

6 

2  2 

7 

2  4 

8 

2.4 

9 

2  2 

10 

2.4 

11 

1  9 

12 

3.2 

IS 

2.7 

14 

2.6 

16 

2.3 

16 

8.8 

17 

3  8 

18 

a2.9 

19 

62.4 

20 

<yl.6 

21 

rfl.8 

22 

&2.5 

28 

<?2.6 

SI 

d2.4 

25 

d2.4 

26 

&2.9 

27 

&3.6 

2S 

/5.8 

29 

7.0 

«> 

31 

6.6 
4.8 

.                1 

NryTK.— During  froxen  aeason  gage  heightM  are  to  surface  of  water  in  hole  cut  in  ice. 


CON1S1SCTICUT   RIVER  DRAINAGE  BASIN. 

Connecticut  River  has  its  source  in  Connecticut  Lake,  in  northern 
New  Hampshire.  Its  extreme  headwaters,  however,  lie  in  the  Prov- 
ince of  Quebec  and  in  the  mountains  on  the  northern  boundary  of 
New  Hampshire;  thence  the  river  flows  in  a  southerly  direction  between 
New  Hampshire  and  Vermont  and  through  Massachusetts  and  Con- 
necticut into  Long  Island  Sound.  The  total  drainage  area  is  11,085 
square  miles,  of  which  166  square  miles  lie  in  the  Province  of  Quebec. 
Its  total  length  from  Connecticut  Lake  to  Long  Island  Sound  is  345 
miles.  On  its  banks  are  many  cities  and  towns  of  importance.  It  is 
in  general  closely  followed  by  one  or  more  railroad  lines.  Water 
power  is  used  at  several  points,  notably  at  Windsor  locks  in  Connecti- 
cut, Holyoke  and  Turners  falls  in  Alassachusetts,  and  Bellows  Falls  and 
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Wilder  in  Vermont.  The  valley  of  Connecticut  River  proper  is  very 
generally  in  farm  lands.  Many  of  its  tributary  basins,  however, 
especially  in  the  northern  portions,  are  heavily  wooded. 

Estimates  of  the  flow  of  this  river  at  Hartford,  Conn.,  from  1871  to 
1885,  inclusive,  have  been  published  in  the  Fourteenth  Annual  Report 
of  the  United  States  Geological  Survey,  Part  II,  pages  140-146.  Esti- 
mates of  flow  at  Holyoke,  Mass.,  from  1880  to  1895,  inclusive,  have 
been  published  in  Bulletin  No.  140,  pages  37-41,  and  for  1896  and  1897 
in  the  Nineteenth  Annual  Report,  Part  IV,  page  116.  The  drainage 
areas  of  the  river  and  of  several  of  its  tributaries  are  given  in  the 
following  table: 

Drainage  area  of  Connecticut  River  and  tributaries. 


River. 


Locality. 


In  Canada 

Orford,  N.  H 

Sunderland,  Mass 


Connecti(^ut 

Do 

Do 

Do Hartford,  Conn 

Do Mouth 

Israel Above  South  Branch  . 

Do Below  Sonth  Branch  . 

Amnionoosuc '  Bretton  Woods,  N.  H 

Zealand Month  

I 

Little do 

White Sharon,  Vt 

Ashuelot 

Det^rfield 

Do 

Chi«)pee 

Ware 

Do 

Do 

CiualK)^? 

Do 

Swift 

Do 

WcHttield.. 

Do 


Area. 


Winchester,  N.  H.. 

Mouth 

Deerfield,  Mass 

Mouth 

do 

(Jilbertville,  Mass.. 

Ware,  Mass 

Mouth 

West  Warren,  Mass 

Mouth 

West  Ware,  Mass  . . 

Mouth 

Russell,  Mass 


SquarfmUet. 

155 

3,305 

7,700 

10,235 

11,085 

8.7 
*>i  <> 

34 
14 
12 

680 

:^5 

667 
550 
730 
223 
160 
162 
213 
144 
218 
188 
518 
331 
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The  United  S^tes  Geological  Survey  maintains  gaging  stations  in 
this  basin  on  Connecticut  River  near  Orford,  N.  H. ;  on  Connecticut 
River  at  Sunderland,  Mass.;  on  Israel  River  near  Jefferson  Highlands, 
N.  II.;  on  Ammonoosuc  River  at  Bretton  Woods,  N.  H.;  on  Zealand 
River  near  Twin  Mountain,  N.  H.;  on  Little  River  near  Twin  Moun- 
tain, N.  H. ;  on  White  River  at  Sharon,  Vt. ;  on  Ashuelot  River  at 
Winchester,  N.  H.;  on  Deerfield  River  at  Deerfield,  Mass.;  on  Ware 
River  near  Ware,  Mass. ;  on  Quabog  River  near  West  Warren,  Mass. ; 
on  Westfield  River  at  Russell,  Mass. 

In  addition,  data  regarding  flow  are  obtained  at  the  following  places, 
through  the  assistance  of  private  parties  or  corporations:  Connecticut 
River  at  Hartford,  Conn.;  Ware  River  at  Gilbertville,  Mass.;  and 
Swift  River  at  West  Ware,  Mass. 

CONNECTICUT   RIVER  NEAR  ORPORD,  N.  H. 

This  station  was  established  August  6,  1900,  by  E.  G.  Paul.  It  is 
located  at  the  wooden  highway  bridge  between  Orford,  N.  H.,  and 
Fairlee,  Vt.,  and  is  about  75  miles  from  the  source  of  the  stream.  The 
drainage  area  at  this  point  is  3,305  square  miles.  A  standard  chain 
gage  is  attached  to  the  inside  timbers  of  the  upper  side  of  the  bridge, 
125  feet  from  ^the  left  abutment;  length  of  chain,  42.95  feet.  It  is 
referred  to  bench  marks  as  follows:  (1)  Top  of  downstream  corner  of 
right  abutment  at  face;  elevation,  30.34  feet.  (2)  Top  of  downstream 
corner  of  left  abutment  at  face;  elevation,  31.08  feet.  (3)  Nail  in  root 
of  elm  tree  on  Orford  side,  28.4  feet  from  southwest  corner  of  bridge 
and  11.6  feet  from  produced  line  of  downstream  side  of  bridge;  eleva- 
tion, 40.11  feet.  Elevations  are  above  gage  datum.  The  channel  is 
straight  for  at  least  1,000  feet  above  and  1,000  feet  below  the  station, 
is  about  275  feet  wide  at  ordinary  stages  of  the  river,  and  is  broken 
by  one  pier.  The  bed  is  of  gravel  and  permanent,  while  the  current 
is  strong.  The  gage  is  read  once  daily  by  Frank  H.  Gardner,  of 
Orford,  N.  H. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 
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Disrhnrge  nifdauremerUs  of  Connecticut  Ru^r  near  Orford,  N.  11.  y  190&-1904' 


Date. 


1900. 
August? 

1901. 

April  15 

June 22 

October  5... 
November  2. 


1902. 

April  10 

Noveml)er  22 


Hydrographer. 


E.  G.  Paul 


C.  A.  Holden 

do 

do 

do 


1903. 

January  24 

January  29 

January  29 

January  30 

February  7 

Febniary  7 

March  14 

April  23 

June  2 

July  16 

August  29 

September  19 . . 
September  26 . . 

1904. 

February  3 

February'  3 

February  4 

February  4 

February'  5 

February  6 

April  30 

July6 


C.  A.  Holden 
do - 


C.  A.  HoMen . 

do 

do 

do 

do 

do 

do 

do 

E.  C.  Murphy 
N.  C.  Grover  . 
C.  A.  Holden. 

do 

do 


C.  A.  Holden 

do 

do 

do 

do 

do 

S.  K.  Clapp.- 


Wldth. 


Feet. 
235 

322 
275 
231 
235 

296 
278 

276 
273 
273 
276 
278 
278 
325 
294 
280 
264 
252 
225 
225 

240 
241 
239 
236 
2;i5 
235 
324 
275 


Area  of 
section. 


Sq^iarefeet. 
1,110 

5,367 
2,077 
1,069 
1, 143 

3,510 
2,140 

1,760 
1,610 
1,620 
1,760 
1,810 
1,810 
6,510 
2,530 
1,040 
1,180 
1,450 
826 
778 

851 
847 
804 
804 
813 
805 
5,540 
1,480 


Mean 
velocity. 

Gase 
height. 

Feet. 

It.  per  sec. 

1.38 

3.60 

3.16 

17.40 

2.04 

6.80 

1.36 

3.47 

1.39 

3.67 

3.06 

11.63 

2.09 

6.80 

1.69 

ft  7. 20 

1.63 

<^6.60 

1.66 

^6.90 

1.69 

^7.40 

1.65 

^7.45 

1.67 

«7.45 

3.79 

20.70 

2.46 

8.25 

1.13 

3.26 

1.29 

3.53 

1.48 

4.55 

.93 

2.30 

.87 

2.13 

1.04 

/4.15 

1.03 

1/4.12 

.98 

A4.08 

.99 

U.20 

.97 

J  4. 03 

.99 

J  4. 03 

3.78 

18.03 

1.59 

4.74 

DiacharKe. 
Secondrfrrt. 

i,n::() 

al7,0lH) 
4,24(1 
1,460 
1,5^<0 

10,  700 
4, 470 

2,970 
2,620 
2,690 
2,980 
2,WM) 

3,  o::c) 

«  24, 7(X) 
6, 220 
1,170 
1,520 
2,  I.tO 
768 
673 

884 
876 
78o 
792 
790 
7i>9 
20,900 
2,  ;iV) 


a  Discharge  efltimated. 

bGage  height  to  bottom  of  ice  6.0  feet. 

rGage  height  to  bottom  of  ice  5.4  feet, 

rf(Tage  height  to  bottom  of  Ice  5.5  feet. 

*•  (iiige  height  to  bottom  of  ice  6.05  feet. 

/Gage  heiglit  to  b<.>ttom  of  ice  2.4  feet:  ice  1.9  feet  thick. 

0  Gage  heiglit  to  bottom  of  ice  2.37  feet;  ice  1.96  feet  thick. 

ft  Gage  height  to  bottom  of  ice  2.22  feet;  ice  2.05  feet  thick. 

<  Gage  height  to  Ixittom  of  ice  2.19  feet;  ice  2.05  feet  thick. 

iCiago  height  to  bottom  of  ice  2.23  feet;  ice  2.0  feet  thick. 

Note.— Gaging8  January  24  to  February  7, 1903.  and  February  3  to  5, 1904,  made  through  ice.    Gage 
heights  given  in  table  are  to  surface  of  water  in  hole  in  ice. 
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Mean  daily  gage  height,  in  feet,  of  Connecticut  River  near  Orford,  N.  II.,  for  1904- 


a  Ice  0.85  foot  thick;  reading  to  surface  of  water,  4.6. 
Mce  1.85  feet  thick;  reading  to  surface  of  water,  4.0. 
cice  1.6  feet  thick;  reading  to  surface  of  water,  4.2. 
(<lce  0.7  foot  thick, 
elce  1.9  feet  thick. 
/See  rating  table  note. 

0lce  1.7  feet  thick;  reading  to  surface  of  water,  3.8. 
*  River  frozen  over. 
<Ice  0.75  foot  thick, 
ilce  2.2  feet  thick. 

le  Ice  1.9  feet  thick;  reading  to  surface  of  water,  3.8. 
I  Ice  1.1  feet  thick;  reading  to  surface  of  water  4.0 
mice  2.1  feet  thick. 
Mice  went  out  March  29. 

NoTK.— Gage  heights  during  frozen  seaaon  to  surface  of  ice  except  as  noted. 


Day. 

Jan. 

Feb. 

4.2 
4.2 
4.2 
4.1 
4.1 
4.1 

b4.0 
4.0 
4.1 
4.1 
4.1 
4.1 
4.1 

«'4.1 
4.1 
4.2 
4.2 
4.2 
4.2 
4.2 

J4.2 
4.2 
'  4.3 
4.4 
4.4 
4.6 
4.7 

m4.9 
4.8 

Mar. 

Apr. 

13.9 

13.4 

13.2 

11.9 

10.4 

9.9 

10.8 

11.4 

13.6 

16.2 

17.6 

17.2 

15.8 

14.0 

11.6 

10.1 

9.4 

9.6 

9.4 

8.8 

8.8 

9.0 

9.S 

10.5 

11.8 

14.8 

15.6 

16.0 

17.6 

17.8 

May. 

18.0 
18.2 
17.4 
17.2 
16.6 
15.1 
14.5 
13.2 
12.0 
12.0 
12.2 
13.9 
13.1 
11.2 
10.3 
14.0 
16.2 
16.5 
18.5 
18.2 
17.9 
15.1 
18.0 
11.4 
10.3 
10.0 
9.5 
9.1 
8.9 
8.8 
8.5 

June. 

7.2 
6.8 
6.6 
6.1 
6.0 
6.0 
6.3 
7.4 
8.5 
8.1 
7.1 
6.4 
5.8 
5.4 
5.1 
4.7 
4.6 
4.6 
4.5 
4.5 
1.4 
3.7 
3.9 
4.0 
4.1 
4.0 
4.1 
3.5 
4.3 
4.1 

1 

July. 

Aug. 

3.7 
8.8 
8.8 
8.6 
3.6 
3.4 
8.1 
2.9 
2.6 
2.8 
8.4 
3.4 
3.6 
3.8 
3.9 
3.8 
4.0 
8.7 
8.6 
3.8 
4.8 
6.4 
7.2 
6.8 
6.6 
6.0 
6.2 
4.8 
4.4 
8.8 
3.3 

Sept. 

Oct. 

10.4 
11.7 
11.5 
11.1 
10.6 
9.3 
7.6 
7.4 
7.0 
6.7 
6.7 
6.5 
7.0 
6.7 
6.6 
•    6.6 
6.4 
6.2 
5.9 
5.8 
5.8 
7.6 
8.8 
8.6 
8.0 
7.9 
7.7 
7.4 
7.4 
7.0 
6.9 

Nov. 

Dec. 

1 

4.3 
4.2 
4.2 
4.2 
4.3 
4.3 
4.3 
4.0 
4.0 

C4.0 
3.9 
8.8 
3.8 
3.9 
4.0 
4.0 

94.0 
4.0 
3.9 
3.9 
3.9 
4.0 
4.0 

*4.0 
4.0 
4.1 
4.1 
4.1 
4.2 
4.2 

b4.2 

4.8 
4.8 
4.8 
4.8 
4.9 
5.2 
5.2 
5.3 
8.0 
8.3 
7.5 
6.9 
6.4 
6.1 
6.0 
5.8 
5.6 
5.7 
5.5 
5.4 
5.4 
5.6 
5.9 
8.4 
8.4 
713.5 
/18.2 
/19.1 
nl7.6 
16.0 
14.6 

4.1 
4.0 
4.0 
4.2 
4.8 
4.7 
4.3 
3.9 
3.7 
3.5 
8.6 
2.8 
2.9 
8.4 
3.9 
4.0 
8.9 
8.9 
8.1 
8.0 
2.8 
2.7 
2.7 
2.4 
2.5 
2.6 
2.6 
8.0 
8.4 
3.5 
3.6 

3.5 
3.3 
8.4 
3.4 
4.7 
6.4 
6.3 
6.5 
6,2 
4.8 
4.0 
4.0 
3.5 
3.5 
4.0 
7.5 
8.0 
7.4 
6.9 
6.5 
6.4 
7.6 
8.2 
7.1 
6.9 
8.0 
9.4 
8.7 
7.7 
8.4 

6.3 
6.1 
6.1 
5.9 
5.8 
5.8 
5.6 
5.5 
5.4 
5.0 
4.8 
4.6 
4.4 
4.9 
4.8 
/4.8 
^^4.6 
4.6 
4.4 
4.3 
5.0 
5.0 
5.2 
5.4 
5.6 
5.4 
5.0 
4.9 
4.8 
4.8 

4.8 

3 

4 

4.4 
a4.6 

.') 

4.4 

C 

i. ............. 

8 

9 

10 

11 

12 

13 

14 

15 

d4.0 

16 

17 

18 

<8.8 

19 

20 

21 

22 

23  

24 

2.> 

<3.9 

26 

27 

28 

29 

30 

31..: 
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Eating  table  for  Connecticut  River  near  Orford,  N.  H.    ^rom  March  SO^  to  November  16, 

1904. 


Gage 
height. 

Dischaiye. 
Second-feet. 

'     Gage 
1    height. 

1 

Discharge. 
Seeond'/eet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

DLscbaige. 

Feel. 

Feet. 

Feet. 

Seeond-feei. 

Second-fed. 

2.0 

640 

3.8 

1,600 

7.2 

4,780 

10.8 

9,400 

2.1 

680 

3.9 

1,670 

7.4 

5,000 

11.0 

9,700 

2.2 

725 

4.0 

1,740 

7.6 

5,220 

11.5 

10,450 

2.3 

770 

4.2 

1,880 

7.8 

5,440 

12.0 

11,200 

2.4 

815 

4.4 

2,030 

8.0 

5,660 

12.5 

11,980 

2.5 

860 

4.6 

2,190 

8.2 

5,900 

13.0 

12, 770 

2.6 

905 

4.8 

2,350 

8.4 

6,140 

13.5 

13,560 

2.7 

950  - 

'-it 

1^  2, 520 

8.6. 

6,380 

14.0 

14,340 

?.8 

1,000    i 

5^^ 

2,700 

8.8 

6,640    ; 

14.5 

15,120 

2.9 

1,050 

5.4 

2,880 

9.0 

6,900 

15.0 

15,910 

3.0 

1,100 

5.6 

3,070 

9.2 

7,160 

15.5 

16,700 

3.1 

1,160 

5.8 

3,270 

9.4 

7,420 

16.0 

17,480 

3.2 

•    1, 280  - 

*  6:0  • 

^'^^^TO— 

9.6 

7,fi90 

16,5 

18.260 

3.3 

1,280 

6.2 

3,680 

9.8 

7,970 

17.0 

19,060 

3.4 

1,340 

6.4 

3,900 

10.0 

8,250 

17.5 

19,840 

3.5 

1,400 

6.6 

4,120 

10.2 

8,530 

18.0 

20,620 

3.6 

1,460 

6.8 

4,340 

10.4 

8,810 

19.0 

22,190 

3.7 

1,530 

7.0 

4,560 

10.6 

9,100 

a  Take  75  per  cent  of  discharge  in  table,  March  26,  27,  and  28,  on  account  of  high  water  due  proba- 
bly to  ice  gorging;  90  per  cent  of  discharge  in  table,  November  17  to  30  on  account  of  river  being 
covered  with  thin  ice. 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
15  discharge  measurements  made  during  1900  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  2  feet  and  12  feet.  The  table  has  been  extended  beyond  these 
limits.  Above  gage  height  12  feet  the  rating  curve  is  a  tangent,  the  difference  being 
157  per  tenth.  Two  estimated  and  one  measured  dischai^  are  used  as  the  basis  for 
extending  the  curve  above  gage  height  12  feet. 
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Rating  table  for  Connecticut  Rivernear  Orfordf  N.  H.^  from  January  1  to  }farch  25,  1904. 

hifiut.     w«ch.rge.  I 


Gage 
height. 


Fed. 
4.0 
4.05 
4.1 
4.15 
4.2 
4.25 
4.3 
4.35 
4.4 
4.45 
4.5 
4.55 
4.6 


Diflcharge. 

Qa|ce 
hftight 

Senrtul-Jeet. 

Feet. 

800 

4.65 

830 

4.7 

660 

4.75 

890 

1      4.8 

920 

'      4.85 

950 

4.9 

980 

4.95 

1,010 

5.0 

1,040 

5.1 

1,070 

5.2 

1,100 

5.3 

1,130 

5.4 

1,160 

!      5.5 

1 

Diachaive. 


Sfeotul-frH. 
1,190 
1,220 
1,250 
1,280 
1,310 
1,340 
1,370 
1,400 
1,470 
1,540 
1,610 
1,680 
1,750 


Oage 
height. 


Diaehatge. 


2,590 
2,660 


!       FM. 

6.9 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

8.0 

1 
1 

Senmtt-feet. 
2,7:^0 
2,800 
2,870 
2,940 
3,010 
3,080 
3, 150 
3,220 
3, 290 

3,  m) 

3, 430 
3,500 


The  above  table  is  applicable  only  for  ice  conditions.  It  is  baseil  upon  12  dis- 
charge measurements  made  during  1903  and  1904  through  holes  ( ut  in  the  ice.  The 
thickness  of  ice  varied  from  1.2  feet  to  2.05  feet.  It  is  well  defined  between  gage 
heights  4  feet  and  8  feet. 

Note.— Gage  heights  are  to  water  surface. 

JSttimated  monthly  discharge  of  Ckmnedicut  River  near  Orfordf  N.  H.,  for  1904. 

[Drainage  area,  3,805  square  miles.] 


Month. 


Discbaige  In  second-feet. 


Run-off. 


Maximum. 


January  «... 
February  «.. 

March  « 

April 

May 

June 

July 

August 

'Septeml)er . . 

(X-tober 

November  *. 
December  ^ . 


980 

1,220 

19,990 

20,310 

21,400 

6,260 

2,350 

4,780 

7,420 

10,750 

3,790 


The  year ;      21,400 


Minimum. 


Mean. 


Second-feet 

per  BQuare 

mile. 


620 

680 

1,160 

6,640 

6,260 

1,400 

.815 

905 

1,280 

3,270 

1,760 


Depth  in 
inches. 


765 

827 

4,688 

12, 320 

13,  760 

3,009 

1,416 

1,978 

3, 693 

5,542 

2,568 

1,375 


4,328 


0.231  I 
.250  ; 

1.52 

3.73 

4.16 
.910 
.428 
.598 

1.12 

1.68 
.777 
.416 


1.32 


0.266 
.270 
1.75 
4.16 
4.80 
1.02 
.493 
.689 
1.25 
1.94 
.867 
.480 

16.41 


-  a  January  17  to  March  25.  inclusive,  gage  heights  reduced  0.2  foot  to  bring  them  to  surface  of  water 
in«>tead  of  to  surface  of  ice.  This  was  necessary  as  ice  table  was  based  on  gage  heights  to  water 
surface.    Miscellaneous  readings  to  ice  and  water  showed  difference  of  0.2  foot. 

b  November  17  to  SO  river  covered  with  thin  ice.  Discharge  obtained  by  taking  90  per  cent  of  open- 
cliannel  flow. 

c  Mean  discharge  for  December  based  upon  discharge  for  seven  days  scattered  through  the  month. 
Owing  to  thinness  of  ice  the  table  for  ice  conditions  was  not  considered  applicable.  The  dincharge 
was  obtained  by  taking  88  per  cent  of  the  open-channel  discharge  with  gage  height  to  bottom  of  ice. 
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CONNECTICUT  RIVER  AT   SUNDERLAND,    MASS. 

This  station  was  established  March  31,  1904,  by  N.  C.  Grover.  It 
is  located  at  a  5 -span  steel  highway  bridge,  total  length  being  about 
830  feet,  at  Sunderland,  Mass.  The  nearest  railway  station  is  at  South 
Deerfield,  Mass.  The  gaging  station  is  about  18  miles  above  the  dam 
at  Holyoke  and  about  5  miles  below  that  of  Turners  Falls.  The  drain- 
age area  at  this  point  is  about  7,700  miles.  A  standard  chain  gage  is 
attached  to  the  downstream  side  of  the  bridge  near  the  left  bank; 
length  of  chain,  42.79  feet.  It  is  referred  to  bench  marks  as  follows: 
(1)  On  the  bottom  chord  of  the  bridge  near  the  zero  of  the  gage  scale; 
elevation,  37.82  feet.  (2)  Corner  of  left  bridge  seat  at  the  top  of  the 
downstream  face;  elevation,  37.06  feet.  (3)  Northwest  corner  of  the 
coping  of  the  downstream  end  of  the  pipe  culvert,  250  feet  east  from 
the  left  end  of  bridge;  elevation,  32.91  feet.  All  elevations  are  referred 
to  gage  datum. 

Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  the  face  of  the  left  abutment  at  the  top  on  the  downstream  side  of 
the  bridge.  The  channel  is  straight  for  1,000  feet  above  and  below 
the  station.  Both  banks  are  high,  rocky,  and  wooded  and  not  subject 
to  overflow.  The  bed  of  the  stream  is  of  gravel,  clean,  and  permanent. 
There  are  5  channels  at  all  stages.  The  current  is  swift  at  high  stages 
and  medium  at  low  stages.  The  gage  is  read  twice  daily  by  John 
Lawer. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hy^drographer.  , 

Discharge  measurements  of  Connecticut  River  at  Sunderland,  Mass.,  in  19^  j. 


Date. 


April  12.... 
April  26  ... . 

May  17 

June  2 

June  21  ... 

July  29 

August  18  . . 
October  28., 
December  1. 


Hydrograpber. 


S.  K.  Clapp.... 

do 

do 

do 

do 

do 

do 

T.  W.  Norcroes. 
do 


Area  of 
section. 

Mean 
velocity. 

Qaxe 
height. 

Square  feet. 

Ft,  per  sec. 

fM. 

13,550 

4.05 

17.65  j 

9,200 

3.75 

12.15 

7,760 

3.32 

10.17 

4,110 

2.46 

5.45 

2,740 

1.93 

3.45 

2,070 

1.77 

2.56 

2,000 

1.70 

2.60 

5,000 

2.60 

6.48 

3,090 

1.52 

4.63 

Diacbaige. 


Second-/^. 
55,000 

34,500 

25,800 

10, 101) 

6,30(> 

8,66<» 

8,390 

13,  UU. 

4,710 
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Mean  daily  gage  heighi,  infeety  of  Connectwat  River  at  Sunderland^  Mass.,  for  1904- 


Day. 


Mar. 


1 ' 

2 

3 

4    

5 

6 

7 , 

8 1 

9 

10 

11 

1 

13 

15 i 

17 

19 

21 

22 

2:J 

21 - 

2.'> 

'26 

27 

28 

29 

31 

13.40 

Apr. 


May. 


12,60 
14.60 
14.75 
13.06 
11.70 
11.85 
12.60 
13.70 
16.80 
18.30 
18.55 
17.65 
16.15 
14.66 
12.90 
11.45 
10.40 
9.96 
10.20 
10. 10 
9.55 
9.26 
9.30 
9.56 
10.40 
12.10 
13.25 
16.05 
21.25 
21.40 


June. 


19.60 
17.85 
16.25 
15. 15 
14. 15 
13.05 
12. 15 
11.  CO 
10.50 
10.25 

10.  :w 

10.90 

11.00 

10.35 

9.30 

9.40 

10.10 

10.90 

12.10 

14.65 

15. 10 

14.00 

12.40 

10.70 

9.40 

8.80 

8.60 

8.10 

7.40 

7.00  I 

6.85 


6.85 
5.60 
5.60 
5.35 
5. 10 
4.90 
5.50 
6.10 
7.50 
8.00 
6.V5 
5.80 
h.  15 
6.00 
4.60 
4.30 
4.10 
3.90 
3.40 
3.10 
3.20 
3.30 
3.10 
3.06 
3.00 
2.95 
3.U0 
2.90 
3.06 
3.20 


July. 


8.90 
4.55 
4.55 
4.10 
3.75 
3.70 
3.60 
3.60 
3.50 
8.40 
3.15 
3.05 
2.70 
2.85 
2.70 
2.70 
2.70 
2.95 
2.85 
2.90 
2.80 
2.55 
2.45 
1.90 
2.45 
2.55 
2.40 
2.50 
2.60 
2.70 
3.00 


Aug. 

3.35 

2.90 

2.76 

3.05 

3.10 

2.95 

2.90 

2.80 

2.26 

2.70 

3.0) 

2.90 

2.35 

2.30 

2.20 

1.75 

2.55  I 

2.00 

2.70 

3.05 

6. 15  ^ 

5.00  i 

5.10 

5.00 

6.10 

4.70 

4.60 

4.10 

3.66 

3.30 

3.20 


Sept. 

8.10 
2.90 
2.66 
2.40 
2.35 
2.85 
2.85 
3.80 
3.85 
3.60 
3.40 
3.15 
3.00 
2.90 
6.70 
8.70 
7.26 
6.80 
6.40 
5.65 
4.90 
4.66 
5.10 
5.50 
6.20 
5.05 
6.10 
6.40 
6.40 
6.90 


8.30 
8.10 
8.30 
8.20 
7.60 
6.95 
6.25 
5.70 
5.30 
5.10 
5.25 
5.50 
5.70 
5.60 
5.60 
5.50 
5.10 
6.10 
4.86 
4.70 
4.80 
10.20 
9.40 

8.;» 

7.60 
6  80 
6.30 
6.60 
6.40 
6.06 
5.80 


,  Nov. 

Dec. 

5.65 

4.60 

5.30 

4.60 

5. 15 

5.15 

5.00 

5.50 

4.90 

4.90 

4.75 

4.70 

4..'i0 

4.80 

4.65 

4.70 

4.40 

4.70 

4.30 

4.50 

4.10 

«4.10 

4.00 

3.80 

3.85 

••«■>■•« 

4.10 
4.10 
4.10 
3.75 
3.65 
3.80 
3.85 
4.20 
4.75 
4.70 
4.60 
4.40 
4.40 
4.35 
4.60 
4.70 


fr3.80 


0  3.35 


d5.40 


a  River  frozen  during  night. 

bQage  height  to  surface  of  ice =3. 8;  ice  0.65  foot  thick. 
eUage  height  to  surface  of  ice=3.4;  ice  0.90  foot  thick. 
dOage  height  is  to  surface  of  Ice. 

CONNECTICUT   BIVER  AT  HARTFORD,  CONN. 

Daily  readings  of  the  height  of  water  at  Hartford  have  been 
recorded  since  February  8,  1896,  by  Edwin  Dwight  Graves,  chief 
engineer  Connecticut  River  bridge  and  highway  district,  and  through 
his  courtesy  have  been  furnished  to  the  United  States  Geological 
wSurvey. 

These  heights  are  read  on  what  is  known  as  the  '^  Tollhouse  gage," 
the  zero  of  which  is  set  at  the  low-water  mark  of  ISOl."  The  highest 
water  ever  known  in  the  river  was  in  May,  1854 — 29  feet  10  inches; 
the  lowest,  in  1858 — 1^  inches  below  zero. 


a  See  report  Theodore  G.  Ellis,  1867  (Ex.  Doc.  H.  R.  No.  163,  40th  Cong.,  2d  .seas.). 
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This  datum  was  used  in  the  various  surveys  of  the  river  below 
Hartford  in  1866-67  (see  previous  reference);  also  the  survey  alK>ve 
Hartford  in  1871-1878;'*  also  survey  of  1897.*  It  is  now  being  used 
in  a  further  survey  of  the  river  above  Hartford  by  an  engineer  com- 
mission appointed  by  the  Secretary  of  War  to  study  the  problem 
of  river  improvements  above  Hartford. 

During  the  low-water  periods  the  tidal  wave  comes  up  the  river  to 
Hartford.  The  >^visible  effect  of  this  wave  is  dependent  upon  the 
height  of  the  water  and  the  direction  and  course  of  the  wind. 

From  figures  given  in  the  Report  of  the  Chief  of  Engineers  for 
1878,  pages  348-391,  and  from  other  data,  computations  of  the  dis- 
charge of  Connecticut  River  at  Hartford  from  1871  to  1886,  inclu- 
sive, were  prepared  and  published  in  the  fli^jurteenth  Annual  Report 
of  the  United  States  GeolOgicaTfeurvey,  Part  II,  pages  140-146. 

Mean  daily  gage  heigld^  in  feet,  of  Connecticut  Rii^er  at  Hartford,  Conn.,  for  1904* 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
IS. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 


4.4 
4.3 

3.9 
3.5 
3.9 
3.8 
3.8 
3.8 
4.3 
3.4 
3.6 
4.2 
4.0 
4.1 
3.6  ; 

3.5  I 
3.1 

2.6  I 
3.4  ' 
3.4 
3.3 
3.6 
8.8 
3.8 
3.8 
4.4 
4.3 
3.8 
4.0 
4.5 
3.5 


Feb. 

3.6. 

8.8 

3.6 

3.4 

3.2 

3.4 

3.2 

3.3 

4.0 

3.8 

4.1 

4.3  • 

4.3 

3.8 

4.0 

4.0 

3.3 

3.2 

8.5 

8.4 

2.7 

3.8 

6.6 

6.0 

6.0 

5.5 

5.5 

4.9 

5.0 


Mar. 

Apr. 

May. 

J9L2^ 

June. 

July. 
2.5 

Aug. 

.«    1.&4 

Sept. 

Oct. 

Nov. 
4.2 

Dec. 

.6.2 

12.7 

5.4 

5.1 

2.5 

5.0 

14.1 

18.2 

5.0 

3.8 

2.2 

2.0 

5.7 

4.1 

2,5 

4.9 

15.2 

16.7 

4.5 

8.8 

2.6 

2.0 

6.6 

4.0 

2.9 

6.7 

14.6 

15.0 

4.2 

8.3 

2.4 

2.0 

6.0 

4.0 

i6 

6.0 

12.7 

13.6 

8.9 

3.0 

2.5 

1.6 

6.7 

4.8 

2.0 

6.1 

11.5 

12.8 

4.1 

2.9 

2.6 

2.2 

5.4 

4.1 

3.2 

6.5 

11.4 

11.1 

4.5 

3.0 

2.4 

2.7 

4.7 

8.2 

3.1 

11.2 

12.0 

10.1 

5.7 

3.U 

2.6 

2.6 

4.8 

2.9 

3.0 

14.5 

13.0 

9.6 

5.9 

2.9 

2.4 

2.6 

3.6 

3.0 

3.0 

14.8 

15.8 

9.3 

8.2 

2.8 

2.0 

2.5 

3.2 

3.0 

2.9 

13.7 

17.4 

9.0 

7.1 

2.6 

2.1 

1.6 

3.6 

2.9 

2.4 

11.6 

17.4 

8.8 

5.8 

2.7 

2.1         1.8 

8.4 

2.5 

1.6 

11.0 

16.6 

9.0 

4.9 

2.6 

2.3         2.1 

4.0 

2.2 

3.4 

9.7 

15.3 

8.9 

4.2 

2.0 

1.6 

2.2 

3.9 

2.8 

3.2 

8.8 

18.6 

8.3 

3.9 

2.0 

1.2 

3.8 

3.8 

3.2 

2.8 

8.0 

11.9 

7.9 

3.7 

2.0 

2.0         8.9 

3.9 

8.2 

3.2 

7.8 

10.5 

8.2 

8.4 

1.6 

2.2 

8.2 

8.8 

2.9 

3.2 

7.0 

9.6 

8.6 

8.0 

1.4 

2.0         6.0 

8.7 

8.6 

2.7 

6.9 

9.3 

9.8 

2.4 

2.4 

1.9  ,      6.1 

8.9 

8.4 

2.4 

6.9 

9.3 

10.9 

2.7 

2.4 

3.0        4.9 

8.7 

2.6 

8.0 

7.5 

9.0 

12.6 

8.2 

2.5 

2.8        3.9 

4.4 

2.7 

2.7 

7.1 

8.4 

12.6 

8.2 

2.7 

8.6 

8.0 

6.8 

8.0 

2.S 

6.8 

8.0 

11.7 

2.9 

8.1 

8.6 

8.0 

8.4 

2.8 

2.3 

7.7 

7.8 

10.8 

2.6 

2.3 

8.2 

8.1 

7.4 

8.5 

2.5 

9.7 

8.2 

8.6 

2.5 

1.6 

8.0 

3.4 

6.4 

8.2 

2.0 

11.6 

9.0 

7.6 

2.0 

2.0 

8.0 

3.1 

5.6 

2.6 

1.6 

17.6 

10.3 

7.8 

1.2 

1.8 

2.5 

8.6 

4.8 

2.2 

2.8 

20.0 

12.6 

7.2 

2.1 

1.6 

2.2 

4.0 

4.4 

2.0 

4.0 

18.4 

16.3 

6.6 

2.4 

1.7 

2.0 

4.3 

4.6 

8.8 

i.i 

16.0 

19.0 

6.9 

2.2 

.9 

2.0        4.4 

4.8 

2.8 

4.4 

14.1 

5.7 

1.1 

2.8 

••••••> 

4.1 

4.7 

n  Engineers'  Report,  1878,  pp.  848-391. 


b  Engineers'  Beport,  1898,  pp.  976-W& 
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ISRAEL  RIVER  (ABOVE  SOUTH  BRANCH)  NEAR  JEFFERSON  HIGHLANDS,  N.  H. 

This  station  was  established  September  2,  1903,  by  N.  C.  Grover. 
It  is  located  at  a  small  wooden  highway  bridge  in  the  town  of  Ran- 
dolph, about  halfway  between  the  railway  stations  of  Jefferson  High 
lands  and  Bowman,  and  2i  miles  from  either  place.  The  drainage 
basin  at  this  point  has  an  area  of  8.7  square  miles.  The  headwaters 
of  the  river  lie  on  the  slopes  of  Mount  Adams  and  "Mount  Jefferson, 
at  elevations  approximating  5,000  feet.  The  length  of  the  river  from 
its  source  to  the  gaging  station  is  about  5  miles.  The  elevation  at  the 
gaging  station  is  about  1,400  feet.  All  slopes  are  steep;  many  are 
precipitous.  There  is  no  pondage  or  artificial  storage  of  water.  The 
underlj'ing  rock  is  granite,  exposed  in  the  mountain  tops.  The  basin 
is  generally  in  heavy  vll^lfi  Torest:  *•  *^*^  ^  . 

A  standaixl  chain  gage  is  attached  to  the  upstream  truss  of  the  bridge; 
length  of  chain,  15.43  feet.  It  is  referred  to  bench  marks  as  follows: 
(1)  Marked  point  on  east  end  of  cross  timber  of  bridge;  elevation, 
8.58  feet.  (2)  Top  of  bowlder,  150  feet  east  of  bridge,  30  feet  south 
of  river;  ^eleyatipp,  11,98 iee^.  .Elevatjqpj  t^re  ftbove  datum  of  gage. 
The  channel  is  slra.ight'Tfor  100  feel  above  and '50  feet  below  the  sta- 
tion, and  is  about  20  feet  wide.  The  banks  are  subject  to  overflow  in 
extreme  freshet.  Velocities  at  low  water  average  about  0.50  of  a  foot 
per  second.  Low-water  measurements  are  made  by  wading  about  20 
feet  above  the  bridge.  The  bed  is  gravelly  and  permanent.  The  gage 
is  read  once  daily  by  E.  A.  Crawford,  of  Jefferson  Highlands. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  dii*ection  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  on  hrael  River  (above  Souih  Branch)  near  Jefferson  Highlands, 

N.  IT.,  in  190S  and  1904. 


Date. 


1903. 
September  2 . 
September  18 
October  9 

1904. 

April  16 

AprillS 

Mayl 

May  11 

May  25 

June  15 

July  22 

August  10  . . . 
September  24 
October  13... 


Hydrographer. 


H.  K.  Barrows 

do 

N.  C.  Grover . . 


N.  C.  Grover  . . 

do 

8.  K.  Clapp  . . . 

do 

do 

do 

do 

do 

H.K.  Barrows 
T.  W.  NorcrosB 


Area  of 
aeotion. 

Mean 
velocity. 

Square/eel. 

Ft.  per  aec. 

14.1 

0.67 

14.1 

.57 

12.6 

.46 

23 

.94 

24 

.92 

46 

2.18 

48 

2.44 

29 

1.14 

16 

.41 

3.1 

1.26 

3 

1.43 

17 

1.04 

17 

.75 

Gage 
lei^t. 


heig 


DlBCbarge. 


Fed^        Second-feet, 


1.20 
1.17 
1.15 

1.44 
1.48 
2.33 
2.35 
1.60 
1.08 
1.04 
1.04 
1.41 
1.32 


9.4 

8.1 
5.8 

22 

22 
100 
117 

33 
6.6 
3.9 
4.3 

18 

12 
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Mean  daily  gage  height^  in  feet,  of  Israel  River  {above  South  Branch)  near  Jefferson  High- 

lands f  N.  H,,Jor  1904- 


Day. 

Jan. 

1.20 
1.20 
1.10 

i.a5 

1.00 
rtl.OO 
.90 
.90 
.85 
.85 
.85 
.85 
.82 
.82 
.82 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

Feb. 

0.80 

.80 

.80 

.78 

.78 

.78 

1.80 

2.50 

2.80 

3.00 

2.50 

1.50 

1.80 

1.10 

1.00 

1.00 

.95 

.92 

.90 

.88 

.88 

.88 

.88 

.85 

.85 

-    .85 

.82 

.82 

.82 

Mar. 

0.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

2.00 

3.20 

3.00 

2.70 

2.40 

3.20 

4.30 

4.00 

3.40 

3.00 

4.40 

4.80 

4.70 

4.00 

2.00 

1.70 

1.40 

1.40 

Apr. 

1.40 
1.30 
1.30 
1.30 
1.30 
1.25 
1.65 
1.60 
1.50 
1.50 
1.50 
1.50 
1.70 
1.70 
1.50 
1.45 
1.40 
1.40 
1.46 
1.45 
1.50 
1.50 
1.60 
1.68 
2.70 
1.70 
1.70 
1.90 
2.90 
2.30 

May. 

June. 

1.36 
1.30 
1.40 
1.36 
1.30 
1.30 
1.45 
1.40 
1.36 
1.80 
1.25 
1.20 
1.15 
1.15 
1.12 
1.12 
1.10 
1.10 
1.05 
1.00 
.95 
1.35 
1.26 
1.26 
1.30 
1.25 
1.10 
1.10 
1.15 
1.15 

July. 

Aug. 

Sept. 

Oct. 

1.60 
1.60 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.55 
1..50 
1.50 
1.40 
1.35 
1.30 
1.30 
1.30 
1.30 
1.30 
1.28 
1.28 
1.28 
1.25 
2.00 
1.90 
1.80 
1.70 
1.75 
1.70 
1.60 
1.65 
1.65 

Nov. 

Dec, 

1 

2.35 
2,00 
1.90 
2.10 
2.10 
2.00 
2. 10 
2.10 
2.00 
1.90 
2.35 
1.80 
1.70 
1.70 
1.65 
2.00 
3.20 
2.10 
2.25 
2.30 
2.00 
2.00 
1.80 
1.75 
1.60 
1.65 
1.65 
1.55 
1.50 
1.45 
1.40 

1.10 

1.10 

1.45 

1.45 

1.30 

1.25 

1.20 

1.15 

1.10 

1.05 

1.00 

.95 

1.20 

1.10 

1.08 

1.05 

1.00 

.98 

.98 

.98 

.98 

.95 

.9.5 

.98 

1.00 

1.20 

1.20 

1.15 

1.18 

1.20 

1.15 

1.20 
1.18 
1.30 
1.30 
1.20 
1.15 
1.10 
1.05 
1,00 
1.00 
1.05 
1.10 
1.35 
1.30 
1.62 
1.55 
1.50 
1.40 
1.30 
1.25 
1.68 
1.62 
1.60 
1.55 
1,60 
1.40 
1.30 
1.20 
1.15 
1.15 
'1.10 

1.10 
1.32 
1.60 
1.55 
1.50 
1.40 
1.40 
1.35 
1.30 
1.30 
1.25 
1.20 
1.16 
1.15 
2.15 
1.60 
1.60 
1.30 
1.20 
1.70 
1.60 
1.60 
1.50 
1.40 
1.60 
1.60 
1.50 
1.40 
2.00 
1.90 

1.45 
1.45 
1.40 
1.35 
1.35 
1.35 
1.30 

l.;« 

1.25 
1.25 
1.20 
1.20 
1.20 
l.flO 
].» 
1.40 
1.60 
1.50 
1.40 
1.60 
1.60 
1.60 
1.40 
1.20 
1.20 
1.20 
1.60 
1.60 
1.40 
1.20 

1.30 

2 

1.20 

3 

l.'Jli 

4 

l.JU 

5 

l.lt* 

6 

I.IH 

7 

I.IS 

8 

1.15 

9 

1.15 

10 

1.15 

11 

1. 12 

12 

1.12 

13 

1.10 

14 

1.10 

15 

1.10 

16 

1.10 

17 

18 

1.10 
(&) 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

alcel 

2  inehe 

8— 6  sol 

id— 6ai 

ichor. 

.  b 

Frozen 

■ 

Rating  table  for  Israel  River  (above  South  Branch)  near  Jefferson  Highlands,  N.  H.,  from 

September  £,  190S,  to  December  Sly  1904. 


Gage 
height. 

Discharge. 

1 

Gage 
height. 

Diiicharge. 

Gage 
height. 

Discharge. 

Gage 
hei^t. 

/fed. 

Discharge. 

FeeL 

Second/eet. 

Second-feet. 

Fset 

Second-feel. 

Second-feet-. 

0.8 

1.0 

1.6 

30 

2.6 

158 

3.6 

338 

.a5 

1.2 

1.7 

38 

2.7 

176 

3.7 

356 

.9 

1.6 

1.8 

46 

2.8 

194 

3.8 

■    374 

.95 

2.2 

1.9 

55 

2.9 

212 

3.9 

392 

1.0 

3.0 

2.0 

67 

3.0 

230 

4.0 

410 

1.1 

5.3 

1 

2.1 

79 

3.1 

248 

4.2 

446 

1.2 

8.6 

2.2 

93 

1 

3.2 

266 

4.4 

482 

1.3 

13 

2.3 

108     1 

3.3 

284 

4.6 

518 

1.4 

18 

2.4 

124 

3.4 

302 

4.8 

554 

1.5 

24 

1 

2.5 

140 

3.5 

320 

B ARROWS 
AND   HOYT, 


T.J 


CONNEOTICITT    RIVER    DRAINAGE   BASIN. 


125 


The  foregoing  table  is  applicable  only  for  open-channel  conditions.  It  is  based  uiM)n 
diitcharge  measurements  made  during  1903  and  1904.  It  is  fairly  well  defined  between 
gage  heights  1.04  feet  and  2.40  feet.  The  table  has  been  extended  beyond  theHC 
limits.  Above  gage  height  2.50  feet  the  rating  curve  is  a  tangent,  the  difference  being 
18  per  tenth. 

Estimated  monthly  discharge  of  Israel  River  {above  South  Branch)  near  Jefferson  High- 
lands, N.  IL.foT  190S  and  1904. 

[DrtLinage  area,  8.7  square  miles.] 


Discharge  In  second-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  square 

'  mile. 

Depth  in 
inches. 

1903. 
September  2-30 

8.6 
29 
17 

554 
212 
266 

21 

21 

36 

86 

67 

30 
8.6 

4.8 
4.8 
4.8 

18 

13 

18 
2.2 
2.2 
3.0 
5.3 

10.6 
8.6 
5.3 

6,09 
9.28 
8.70 

259 
39 
66 
10.1 

6.46 
14.3 
24.7 
26.4 
17.5 

6.&5 

0.700 

1.07 

1.00 

29.77 
4.48 
7.59 
1.16 
.743 
1.64 
2.84 
3. 03 
2.01 
.787 

0.755 

October 

November  1-17 

1.23 
.6.32 

1904.        V 
March  14-31 

19.93 

April 

May 

5.00 
8.75 

June  -. 

1.29 

July 

.857 

Auinist 

1.89 

September 

3.17 

October ., 

3.49 

November 

2.24 

December  1-17. 

.498 

Note.— Ice  conditions  November  18,  1903,  to  March  13, 1904,  and  December  1»-31, 1904. 
ISRAEL  KIVER  (bELOW  SOUTH  BRANCH)  NEAR  JEFFERSON  HIGHLANDS,  N.  H. 

This  station  was  established  September  2,  1903,  by  N.  C.  Grover. 
It  is  located  at  a  small  wooden  highway  bridge  about  2  miles  from  the 
railway  station  at  Jefferson  Highlands,  in  the  town  of  Jefferson.  The 
drainage  basin  at  this  point  is  21.2  scjuare  miles.  South  Branch  of 
Israel  River  has  its  mouth  above  this  station  and  below  the  station 
previously  described.  South  Branch  drains  an  area  of  10.5  square 
miles;  its  headwaters  are  on  the  slopes  of  Mount  Jefferson  and  Mount 
Dartmouth,  at  elevations  of  3,000  to  5,000  feet.  The  extreme  length 
from  its  source  to  its  mouth  is  about  5  miles.  The  elevation  at  its 
mouth  is  about  1,350  feet.  As  all  the  slopes  are  steep  there  is  little 
or  no  storage  of  water.     The  underlying  rock  is  granite,  exposed  in 
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the  mountain  peaks.  The  basin  has  been  generally  "  hard  cut,"  as  the 
lumbermen  say,  but  has  not  been  burned. 

A  standard  chain  gage  is  attached  to  the  downstream  side  of  the 
truss  of  the  bridge;  length  of  chain,  12.99  feet.  It  is  referred  to 
bench  marks  as  follows:  (1)  Marked  point  on  center  cross  timber  of 
bridge;  elevation,  8.14:  feet.  (2)  Top  of  bowlder  60  feet  north  of 
bridge,  15  feet  west  of  highway;  elevation,  5.20  feet.  Elevations  are 
above  datum  of  gage.  The  channel  is  straight  for  100  feet  above  and 
100  feet  below  the  station,  and  is  about  20  feet  wide.  The  bed  is 
rough  and  rocky,  but  permanent.  The  banks  ai*e  subject  to  overflow 
in  extreme  freshets.  At  extreme  low  water  the  mean  velocity  observed 
was  0.79  feet  per  second.  Depths  average  at  low  water  about  1  foot. 
Gage  is  read  once  daily  by  E.  A.  Crawford,  of  JelBFerson  Highlands. 

The  observations  at  this  station  during  1904  have  been  made  under 
.the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  meoiuremenis  of  Israel  River  {below  South  Branch)  near  Jefferson  Highland*, 

N.  H,,  in  1903  and  1904. 


Date. 


1903. 
September  2 . 
September  18 
October  9 


1904. 

April  16 

April  18 

April  30 

May  1 

May  11 

May  25 

June  15 

July  22 

AugrustlO 

September  24 

October  13... 
November  18. 


Hydrogmpher. 


H.  K.  Barrows. 

do 

N.  C.  Grover. . . 


N.  C.  Grover. 

do 

S.  K.  Clapp.. 

do 

do 

do 

do 

do 

do 


Area  of 
section. 


H.  K.  Barrows  and  T.  W. 
Norcross. 

T.  W.  Norcross 

do 


Square  feel. 
13.3 
12.3 
10.4 

16 

18 

64 

54 

57 

24 

12 

10.4 

11.5 

18.5 

17 
27 


ve».    ;  hSSft.   I  ^^'^' 


Ft.  per  tec. 

Fret. 

1.35 

1.13 

1.21 

1.10 

1.11 

1.03 

2.55 

1.43 

2.87 

1.49 

4.75 

2.55 

4.29 

2.28 

4.80 

2.40 

3.33 

1.64 

1.25 
.79 
.82 

1.99 

1.63 
.89 


1.09 

.94 

1.00 

1.40 

1.36 
1.98 


Second'/fft. 
17.9 
14.9 
11.5 


42 

52 
304 
232 
273 

80 

15 
8.2 
9.4 

36.8 

28 
24 
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Afean  daily  gage  height^  in  feet,  of  Israel  River  (below  South  Branch)  near  Jefferson 

Highlands,  K  H,,  for  1904. 


Day. 

Jan. 
1.60 

Feb. 

Mar. 

0.85 

Apr. 
1.40 

May. 

2.85 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
1.45 

Dec. 

1 

0.85 

1.35 

1.10 

1.20 

1.10 

1.60 

l.HO 

2 

1.40 

.85 

.  {v« 

1.35 

2.00 

1.80 

1.10 

1.15 

1.80 

1.60 

1.45 

1.70 

3... 

1.10 

.82 

.82 

1.85 

1.90 

1.40 

1.46 

1.80 

1.60 

1.60 

1.40 

1.60 

4 

1.08 

.82 

.82 

1.35 

2.10 

1.85 

1.40 

1.80 

1.50 

1.60 

1.35 

1.60 

5.. 

1.00 

al.00 

.95 

.82 

.82 

M.90 

.82 
.82 
.82 

1.90 
1.30 
1.70 

2.10 
1.90 
2.10 

1.30 
1.30 
1.45 

7.30 
1.25 
1.20 

1.20 
1.10 
1.06 

1.50 
1.46 
1.46 

1.50 
1.5a 
1.60 

1.85 
1.35 
1.80 

1.40 

6 

1.20 

7 

1.20 

8 

.92 
.90 

2.70 
3.30 

.80 
.80 

1.60 
1.60 

2.00 
1.90 

1.40 
1.35 

1.15 
1.10 

1.05 
1.00 

1.40 
1.36 

1.60 
1.55 

1.30 
1.30 

1.20 

9 

1.15 

10 

.90 

8.00 

.80 

1.50 

1.90 

l.SO 

i.a5 

1.00 

1.80 

1.50 

1.28 

1.15 

11 

.90 

2.10 

.80 

1.50 

2.40 

1.25 

1.00 

1.10 

1.25 

1.50 

1.25 

1.15 

12 

.90 

1.20 

.80 

1.60 

1.85 

1.20 

.95 

1.10 

1.20 

1.40 

1.25 

1.15 

18 

.88 

1.20 

.80 

1.70 

1.75 

1.16 

1.20 

1.30 

1.15 

1.85 

1.22 

1.16 

14 

.88 

1.10 

2.40 

1.70 

1.70 

1.15 

1.10 

1.20 

1.16 

1.80 

1.65 

1.15 

15 

.88 

1.00 

3.60 

1.60 

2.05 

1.12 

1.08 

1.60 

2.22 

1.30 

1.40 

1.15 

16 

.85 

1.00 

3.40 

1.45 

2.10 

1.12 

1.05 

1.60 

1.60 

1.28 

1.20 

1.15 

17 

.85 
.85 
.85 

.90 
.90 
.90 

8.00 

8.70" 

3.70 

1.40 
1.40 
1.45 

3.25 
2.05 
2.30 

1.10 
1.10 
1.06 

1.00 
.98 
.98 

1.40 
1.30 
1.20 

1.60 
1.35 
1.20 

1.28 
1.28 
1.25 

1.60 
1.95 
1.90 

1.15 

18 

(«) 

19 

20 

.85 
.85 
.85 
.85 
.85 
.85 
.86 
.85 
.85 
.85 
.85 
.85 

.90 
.90 

.88 
.88 
.88 
.88 
.85 
.85 
.85 
.85 

3.70 
4.40 
4.20 
3.70 
3.00 
4.70 
5.20 
6.00 
4.00 
2.20 
1.70 
1.40 

1.45 
1.60 
1.60 
1.60 
1.70 
2.70 
1.90 
1.80 
1.90 
2.70 
2.30 

2.85 
2.10 
2.00 
1.80 
1.70 
1.65 
1.65 
1.75 
1.55 
1.50 
1.45 
1.40 

1.00 
.96 
1.35 
1.30 
1.25 
1.30 
1.25 
1.15 
1.15 
1.10 
1.10 

1 

.98 

.98 

.95 

.95 

.98 

1.00 

1.20 

1.20 

1.10 

1.30 

1.20 

1.15 

1.16 
1.70 
1.60 
1.60 
1.50 
1.40 
1.30 
1.25 
1.20 
1.15 
1.15 
1.10 

1.70 
1.60 
1.50 
1.40 
1.40 
1.60 
1.60 
1.60 
1.40 
2.05 
1.90 

1.25 
1.25 
2.00 
2.00 
1.92 
1.85 
1.70 
1.70 
1.60 
1.60 
1.50 
1.48 

1.60 
1.40 
1.20 
1.20 
1.20 
1.20 
l.SO 
1.60 
1.90 
1.90 
1.90 

21 

22 

23 

24 

25 

26 

27 

28 

29 

ao 

31 

a  Ice,  14  inches— 8  in  solid  and  6  in  anchor  ice.       b  Anchor  ice  affects  gage  heights.       «  Frozen. 

Rating  table  for  Israel  River  {below  South  Branch)  near  Jefferson  Highlands,  N.  H., 

from  September  2,  190S,  to  December  SI,  1904- 


Gage 
height. 

Discharge. 
Second'/eet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

I^set, 

Feet. 

Second/eeL 

Feet, 

Second-feet. 

F^et. 

0.8 

2.5 

1.35 

35 

2.4 

268 

3.5 

576     ! 

.85 

•        3.7 

1.4 

40 

2.5 

296 

3.6 

604 

.9 

5.3 

1.6 

52 

2.6 

324 

3.7 

632 

.95 

7.4 

1.6 

67 

2.7 

352 

3.8 

660 

1      1.0 

10 

'      1.7 

86 

2.8 

380 

4.0 

716 

i      1.05 

13 

1.8 

108 

2.9 

408 

4.2 

772 

1.1 

16 

1.9 

132 

3.0 

436 

4.4 

828 

1.15 

19 

2.0 

157 

3.1 

464 

4.6 

884 

1.2 

22 

2.1 

184 

3.2 

492 

4.8 

940 

1.25 

26 

2.2 

212 

3.3 

520 

5.0 

996 

1.3 

30 

2.3 

240 

3.4 

548 

5.2 

1 ,  052 
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The  foregoing  table  is  applicable  only  for  open-channel  conditions.  It  is  baaed  win  »n 
discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  0.94  foot  and  2.60  feet.  The  table  has  been  extended  beyond  these 
limits.  Above  gage  height  2.10  feet  the  rating  curve  is  a  tangent,  the  difference 
being  28  per  tenth. 

Estimaied  monthly  discharge  of  Israel  River  (below  South  Branch)  near  Jefferson  Ilvjh- 

landsj  N.  H.,  for  190S  and  1904. 

[Drainage  area,  21.2  square  miles.] 


Month. 


1903. 
September  2-30 . . 

Octol)er 

November  1-17... 

1904. 

March  14-31 

April 

May 

June 

July 

August 

September 

October 

November 

December  1-17 


fe  In  second-feet. 

Minimum. 

Mean. 

7 

12.7 

10 

17.0 

13 

17.7 

40 

578 

30 

86.5 

40 

152 

7.4 

25.0 

7.4 

17.4 

10 

30.4 

16 

57.4 

26 

62.3 

22 

53.  3 

19 

35. 6 

Run-off. 


Second-ft'et 

per  rauare 

mile. 


0.599 

.802 
.835 

27.26 
4.08 
7.17 
1.18 
.821 
1.43 
2.71 
2.94 
2.51 
1.68 


Depth  in 
inches. 


0.646 
.  925 
.528 

18.25 
4.55 
8.27 
1..T2 
.94ei 
l.ai 
3.02 
3.;i9 
2.80 
1.06 


Note.— Ice  conditions  November  18, 1903,  to  March  13,  1904,  and  December  18  to  81, 1904. 
AMMONOOSUC   RIVER  AT  BRETTON  WOODS,   N.  H. 

This  .station  was  established  August  28,  1903,  by  N.  C.  Grover.  It 
is  located  at  the  steel  highway  bridge  near  Mount  Pleasant  House  at 
Bretton  Woods.  The  drainage  area  at  this  point  is  34  square  uiile.s. 
The  headwaters  of  the  river  come  from  the  westerly  slopes  of  Mount 
Jefferson  and  Mount  Washington  and  the  lesser  peaks  of  the  White 
Mountains  lying  to  the  south.  The  underlying  rock  is  gi'anite,  which 
is  exposed  at  points  in  the  river  bed  and  on  the  various  mountain 
summits.  The  slopes  and  valleys  are  usually  well  forested,  with  a 
preponderance  of  evergreen  growth.  The  area  was  cut  in  large  part 
for  spruce  several  years  ago,  but  now  has  a  thick  forest  cover.  There 
is  no  pondage  or  artificial  storage.     The  slope  of  the  river  is  steep. 

A  standard  chain  gage  is  attached  to  the  floor  on  the  downstream 
side  of  the  bridge;  length  of  chain,  18.86  feet.     It  is  referred  to  the 
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following-described  bench  marks:  (1)  Marked  point  on  bridge  near 
gage;  elevation,  17.36  feet.  (2)  Northwest  corner  of  east  abutment; 
elevation,  14.46  feet.  (3)  Top  of  bowlder  100  feet  below  bridge, 
between  the  river  and  tracks  of  Boston  and  Maine  Railroad;  elevation, 
17.11  feet.  Elevations  are  above  datum  of  gage.  Measurements  of 
flow  are  made  from  a  footbridge  located  about  300  feet  downstream 
from  the  gage.  The  channel  is  straight  for  300  feet  above  and  200 
feet  below  this  bridge,  and  is  about  35  feet  wide.  The  banks  are  high 
and  not  subject  to  overflow  except  in  extreme  freshet.  The  bed  is 
somewhat  rocky,  but  permanent.  Low-water  measurements  are  made 
by  wading  about  100  feet  above  the  station,  on  account  of  small 
velocity  at  the  station. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measureme^xis  of  Ammonooauc  River  at  Bretton  Woods,  N.  If.,  in  190S  and  1904* 


Date. 


1903. 
August  28  . . 
September  2 


Hydrographer. 


H.  K.  Barrows 
do 


Area  of 
aection. 


I 


September  3  . . . ' do 

S(»ptember  17 
September  17 
October  10... 


1904. 

April  15 

May  2 

May  9 

May  10 

May  20 

May  25 

June  10 

July  21  a 

m 

August  9  * 

August  23 H.  K.  Barrows 

August  24^ -do 


do 

do 

N.  C.  G  rover 

N.  C  Groyer 
8.  K.  Clapp  . 

do 

do 

do 

do 

do 

do 

do 


September  25 


H.  K.  Barrows  and  T. 
W.  Norcross. 


<  )ctober  11 T.  W.  Non-ross 


November  17 


do 


Square  feet. 
69.2 
62.0 
63.5 
45.4 
32.0 
61.8 


94 

166 

175 

175 

167 

91 

66 

16 

17 

82 

25 

94 

79 
62 


Mean 
velocity. 

Gage 
height. 

Discharge. 

Ft.  per  sec. 

/Vrt. 

Seamd'/eet. 

0.65 

1.65 

45 

.50 

1.50 

31 

.46 

1.48 

29 

.34 

1.26 

15 

.49 

1.26 

16 

.65 

1.64 

40 

.95 

2.00 

89 

2.81 

3.20 

467 

3.62 

3.47 

634 

3. 58 

3.  51 

627 

2.99 

3. 15 

499 

1.35 

2.19 

123 

.65 

1.60 

43 

1.12 

1.24 

18 

1.36 

1.30 

23 

.82 

1.89 

67 

1.76 

1.67 

44 

1.25 

2.26 

118 

.78 

1.84 

62 

.46 

1.51 

28 

n  Mea.Mure<l  400  feet  ftlK)ve  gage, 
ft  Measured  3tX)  feet  fttK>ve  gage. 
c  Wading  below  gage. 
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Mean  daily  gage  hdghi,  infeety  of  Ammonoomc  River  at  Bretton  Woods,  N,  IL,for  1904^ 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1.85 
1.90 
1.90 
1.90 
1.88 
1.95 
2.10 
2.60 
3.35 
4.25 
2.95 
2.55 
2.35 
2.05 
2.00 
1.80 
1.90 
2.00 
2.10 
2.10 
2.00 
2.00 
2.02 
2.48 
3.25 
2.82 
3.05 
3.30 
3.95 
3.75 

May. 

June. 

July. 

Aug. 

< 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.55 
1.50 

3.78 
8.20 
2.90 
3.30 
3.45 
2.95 
3.10 
3.18 
2.90 
3.32 
3.50 
2.92 
2.78 
2.60 
2.92 
3.85 
4.22 
2.98 
3.35 
3.20 
2.82 
2.58 
2.45 
2.32 
2.22 
2.18 
2.25 
2.08 
1.95 
1.90 
1.85 

1.88 

1. 75 , 

1.75 

1.70 

1.70 

1.70 

1.72 

1.78 

1.68 

1.60 

1.55 

1.50 

1.50 

1.48 

1.45 

1.42 

1.40 

1.40 

1.35 

1.35 

1.35 

2.02 

1.65 

1.48 

1.40 

1.68 

1.48 

1.45 

1.40 

1.40 

1.40 
1.78 
2.02 
1.65 
1.62 
1.50 
1.42 
1.38 
1.35 
1.35 
1.36 
1.35 
1.45 
1.38 
1.80 
1.30 
1.30 
1.30 
1.28 
1.25 
1.26 
1.25 
1,26 
1.26 
1.25 
1.30 
1.60 
1.35 
1.45 
1.42 
1.35 

1.40 
1.38 
1.58 
1.60 
1.38 
1.40 
1.38 
1.32 
1.30 
1.80 
1.48 
1.68 
1.65 
1.50 
1.75 
1.48 
1.40 
1.40 
1.35 
1.92 
2.30 
1.82 
1.95 
1.70 
1.68 
1.52 
1.50 
1.42 
1.40 
1.40 
1.35 

1.35 
1.48 
1.48 
1.90 
1.58 
1.50 
1.48 
1.45 
1.42 
1.40 
1.38 
1.35 
1.40 
1.40 
3.15 
2.20 
1.80 
1.80 
2.15 
1.82 
2.70 
2.25 
1.85 
1.92 
2.12 
2.00 
1.92 
1.82 
1.90 
2.90 

i 

2.75 
2.55 
2.40 
2.20 
2.10 
2.20 
2.08 
1.72 
1.90 
1.90 
1.82 
1.78 
1.80 
1.80 
1.78 
1.75 
1.70 
1.70 
1.68 
1.65 
3.55 
3.05 
2.48 
2.25 
2.20 
2.28 
2,82 
2.20 
2.&5 
2.00 

1.98 

1 

i.a5 

1.80 
1.80 
1.80 
1.80 
1  78 

1  H'\ 

2 

1 

I  .v» 

3 

2.10 

1 

1  '^ 

4 

1.55 

1  -Vi 

5 

1.88 
1.70 

1  .v^ 

6 

a  1.40 

1   .=^1 

7 

1  80        1  .'<> 

8 

1.72           1    r^i 

9 

1.50 
1.50 

1.70 
1.70 
1.58 
1.68 
1.55 
1.55 
1.55 
1.62 
1.65 
1.60 
1.58 
1.52 
1.58 

i.eo 

h  1.  4^ 

10 

11 

1.45 
1.45 
1.45 
1.40 



rfl.35 

cl.75 
cl.76 

12 

13 

14 

15 

1.50 
1.50 
1.55 

16 

1 

17 

1.40  1 

91  10 

18 

19 

'1.40 

1.50 

20 

21 

1.50 
1.65 
2.15 
2.40 
3.05 
7.60 
4.02 
2.32 
2.00 
2.00 
1.85 

22 

2.50 
2.40 
2.32 
2.15 

23 

2.10 
2.20 

1.60  ' 

24 

1.55        1,3.'> 

25 

L50    

26 

1.52 

27 

/1. 50 

1.62 
1.60 
1.50 
1.50 

28 

29 

1.60  ' 

30 

1 

31 

:  Ai  ao 

I 

alee  0.65  foot  thick, 
ftlce  0.15  foot  thick. 


0  Ice  0.5  foot  thick, 
dice  0.85  foot  thick. 


e  Ice  0.9  foot  thick. 
/Ice  0.4  foot  thick. 


<ylce  0.6  foot  thick. 
A  Ice  0.75  foot  thick. 


Note. — Gage  heights  during  frozen  season  are  to  surface  of  water  in  hole  cut  in  ice  under  gage. 
Ice  January  1  to  March  25,  also  December  10-31. 

Rating  table  for  Ammonoosuc  River  at  Bretton  Woods,  N.  H.,  from  Augustus,  190S,  to 

December  SI,  1904. 


Gage 
height. 

Feci. 

1.25 

1.3 

1.35 

1.4 

1.45 

1.5 

1.55 

1.6 

1.65 

1.7 

1.75 

Discharge. 


Second-/eel. 
15 
18 
21 
24 
27. 
31 
35 
39 
43 
48 
53 


Gage 
height. 


Feet. 
1.8 
1.85 
1.9 
1.95 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 


Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Second-Ject. 

Feet. 

Second-fed. 

Feet. 

Scc(md-/rct. 

58 

2.7 

238 

3.8 

820 

63 

2.8 

277 

3.9 

880 

68 

2.9 

318 

4.0 

940 

74     1 

3.0 

365 

4.2 

1,060 

80 

3.1 

415 

4.4 

1,180 

93 

3.2 

465 

4.6 

1,300 

108 

3.3 

520 

4.8 

1,420 

125 

3.4 

580 

5.0 

1,540 

146     i 

3.5 

640 

5.5 

1,840 

172 

3.6 

700 

6.0 

2,140 

203 

3.7 

700    1 
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The  foregoing  table  is  applicable  only  for  open-channel  conditions.  It  is  baji^ed  upon 
21  discharge  measurements  made  during  1903  and  1904.  It  is  fairly  well  define<l 
l>etween  gage  heights  1.25  feet  and  3.50  feet.  The  table  has  been  extended  beyond 
these  limits.  Above  gage  height  3.30  feet  the  rating  curve  is  a  tangent,  the  difference 
being  60  per  tenth. 

Ksiimaied  monthly  discharfje  of  AmnKmoosuc  Hirer  at  Bretlon  Woodsj  N.  H.y  for  1903 

and  1904. 

[Drainage  area,  34  square  miles.] 


Month. 


1903. 

September 

October 

November 

December  1-14.,. 

1904. 

March  2(>-31 

April 

May 

June 

July 

Aug:ust 

September 

October 

November 

December  1-9 


Maximum. 


35 

203 

86 

96 

3,100 

1,090 

1,072 

82 

82 

125 

440 

670 

63 

35 


e  In  second-feet. 

Minimum. 

Metin. 

17 

23.3 

21 

42.5 

18 

34.1 

18 

27.0 

63 

734 

58 

245 

63 

362 

21 

37.5 

15 

25.5 

18 

35.6 

21 

80.5 

43 

123 

31 

42.5 

27 

32.1 

Run-off. 


Second-feet 

per  souare 

mile. 


0.685 
1.25 
1.00 
.794 

21.59 
7.21 

10.65 
1.10 
.750 
l.a5 
2.37 
3.62 
1.25 


Depth  in 
inches. 


0.764 
1.44 
1.12 
.413 

4.82 

8.04 

12.28 

1.23 

.865 
1.21 
2.64 
4.17 
1.40 

.316 


ZEALAND  RIVER  NEAR  TWIN    MOUNTAIN,  N.  H. 

This  gaging  station  was  established  August  29, 1903,  by  N.  C.  Grover. 
It  is  located  about  800  feet  above  the  mouth  of  the  river,  which  empties 
into  the  Ammonoosuc  at  a  point  midway  between  Fabyans  and  Twin 
Mountain,  and  about  2^  miles  from  either  place.  The  drainage  basin 
at  this  point  has  an  area  of  14  square  miles.  The  headwaters  lie  on 
the  slopes  of  a  spur  of  the  Whit^  Mountains  at  elevations  of  2,500  to 
3,000  feet.  The  length  of  the  river  from  its  headwaters  to  its  mouth 
is  about  7  miles,  at  which  point  the  elevation  is  approximately  1,5CX) 
feet.  All  slopes  within  the  basin  are  steep.  There  is  no  pondage  or 
artificial  storage  of  water.  The  underlying  rock  is  granite,  which  is 
exposed  in  the  mountain  peaks.  About  ten  or  twelve  years  ago  this 
basin  was  entirely  deforested  and  burned  over.     At  the  present  time 
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there  is  a  thick  stand  of  deciduous  growth  of  poplar  and  bird  cherry, 
averaging  12  to  15  feet  in  height,  which  affords  a  thick  covering  dur- 
ing the  summer  months,  but  practically  no  cover  during  the  winter 
and  spring.  Within  the  bafein  we  find  the  usual  conditions  of  this 
stage  of  reforestation  after  a  thorough  burning. 

A  standard  chain  gage  is  attached  to  trees  on  the  bank;  length  of 
chain,  13.40  feet.  It  is  referred  to  bench  marks  as  follows:  (1)  Top 
of  large  bowlder  under  the  gage;  elevation,  3.56  feet.  (2)  Drift  bolt 
driven  into  the  maple  tree  to  which  the  gage  is  attached;  elevation, 
11.32  feet.  Elevations  are  above  datum  of  gage.  The  lowest  observed 
mean  velocity  has  been  0.40  of  a  foot  per  second.  Low- water  meas- 
urements are  made  by  wading.  The  bed  is  rough  and  rocky,  but 
permanent.  The  banks  are  high  and  only  subject  to  overflow  in 
extreme  freshets.  The  gage  is  read  once  a  day  by  William  Cote,  of 
Twin  Mountain. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measurements  of  Zealand  River  near  Tmin  Mountain.^  N.  H.,  in  190S  and  1904- 


Date. 


1903. 

August  29  « 

September  3«-. 
September  18  «. 
Octo])erlO« 

1904. 

April  15 

April  30 

May  10 

May  19 

Mav  20 

May  25 

June  10 

July  21 

August  9 

August  23  « 

September  25  a. 

October  12 


Hydrographer. 


H.  K.  Barrows. 

do 

do 

N.  C.  Grover. . 


N.  C.  Grover... 
S.  K.  Clapp.... 

do 

do 

do 

do 

do 

do 

do 

H.  K.  Barrows, 
.do 


r a 

IT.  W. 


Norcross. 


do 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dischaiige. 

Squarefeet. 

Ft.  per  see. 

F\cet. 

Second-feet. 

29.1 

0.46 

2.01 

13.1 

26.6 

.40 

1.98 

10.7 

33.5 

.68 

2.22 

22.9 

35.6 

.76 

2.29 

27 

25.3 

1.88 

2.52 

47.5 

79 

4.09 

3.55 

323 

56 

3.28 

3.00 

182 

80 

4.60 

3.60 

368 

54 

3.37 

3.08 

182 

21 

2.10 

2.49 

44 

10 

2.10 

2.18 

21 

6.8 

1.12 

1.88 

7.6 

8.4 

1.49 

1.94 

12.5 

40 

.95 

2.39 

38 

1        46 

1.48 

2.65 

68 

33 

.69 

2.21 

23 

a  Wading  at  different  sections. 
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^fean  daily  gage  lieigkty  in  feet^  of  Zealand  River  near  Twin  Mountain,  N,  If. ,  for  1904- 
Day. 


Mar.      Apr. 


May.  ;  June.  ]  July. 


1 

2 

3 

4 

5 

6 

7 

K 

9 

10 

11 

12 

13 

14 

13 

16 

17 

18 

19 

20 

21 

'22 

23 

24 

2S 

26 

27 

28 

29 

30 

31 


(«) 


2.40 
2.45 
2.30 
2.30 
2.40 
2.40 
2.50 
2.70 


'    2.70 

3.00 

1. 

3.20 

1 

3.00 
2.90 
2.80 
2.70 
2.60 
2.46 
2.40 
2.40 
2.40 
2.30 
2.30 
2.40 
2.60 
2.60 
2.60 
2.70 
3.00 
4.00 
3.70 

1 

3.00 
2.70 
2.50 
2.50 
2.40 

3.60 

3.40 

3.30 

3.10 

3.00 

3.00 

2.90 

2.70 

2.50 

2.60 

2.70 

2.70 

2.60 

2.70 

2.50 

2.50 

2.80 

3.00 

2.90 

2.70 

2.70 

2.50 

2.50 

2.40 

2.40 

2.40 

2.40 

2.50  _ 

2.40  ' 

2.40  ' 

2.30  !. 


2.40 
2.40 
2.30 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.05 
2.00 
2.00 
2.00 
1.95 
2.00 
2.00 
2.00 
2.00 
1.90 
2.10 
2.10 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 


1.84 
1.81 
1.74 
1.74 
1.74 
1.74 
1.74 
1.84 
1.84 
1.74 
1.74 
1.94 
1.94 
1.84 
1.84 
1.84 
1.84 
1.74 
1.84 
1.84 
1.84 
1.94 
1.94 
1.84 
1.74 
1.84 
2.34 
2.14 
1.94 
1.94 
1.84 


1.84 
1.84 
1.94 
1.94 
2.04 
1.84 
1.84 
1.-94 
1.84 
1.84 
1.84 
1.84 
1.74 
1.74 
1,84 
1.84 
1.74 
1.94 
1.94 
1.84 
2.84 
2.24 
2.44 
2.24 
1.94 
1.84 
1.84 
1.84 
1.94 
1.94 
1.84 


1.74 
1.94 
1.94 
1.84 
1.84 
2.04 
2.04 
1.94 
1.94 
1.84 
1.84 
1.94 
1.94 
4.34 
3.24 
2.84 
2.84 
2.24 
1.84 
2.24 
2.84 
2.64 
2.34 
2.34 
2.64 
3.84 
2.84 
2.84 
2.64 
2.24 


I 


4.34 
4.14 
3.44 
2.84 
3.04 
2.84 
2.84 
2.74 
2.44 
2.64 
2.84 
2.84 
2.64 
2.34 
2.24 
2.24 
2.94 
2.84 
2.74 
1.94 
3.84 
4.34 
3.84 
3.74 
3.74 
3.34 
3.24 
2.84 
2.84 
3.24 
3.24 


Nov. 

Dec. 

3.26 

2.35 

3.85 

2.46 

2.85 

2.46 

2.76 

2.76 

2.76 

2.75 

2.65 

2.65 

2.85 

(«) 

2.86 

2.65 

2.75 

2.75 

2.65 

2.86 

2.76 

2.85 

2.86 

2.66 

2.65 

2.65 
2.86 
2,95 
2.95 
2.85 
2.86 
2.85 
2.65 
2.75 
2.76 
2.55 
2.36 


a  River  frozen  January  1  to  March  26  and  December  7-31. 
Rating  table  for  Zealand  Riv-er  near  Twin  Mountain,  N.  H,,  from  August  29,  190S,  to 


December  SI,  1904. 


Gage 
height. 

Dimharge. 

Gage 
height. 

1 
Discharge. 

Second-feet. 

Gage 
height. 

net. 

Discharge. 

Gage 
height. 

DJHoharge. 
Sccond-fect. 

fyet. 

i>econd-f€cL 

Feet. 

Sec<md-/trt. 

Feet. 

1.75 

4 

2.2 

22 

2.7 

82 

3.6 

368 

1.8 

5 

2.25 

25 

2.8 

109 

3.7 

402 

1.85 

6 

2.3 

28 

2.9 

139 

3.8 

436 

1.9 

8 

2.  35 

31 

3.0 

170 

,      3.9 

470 

1.95 

10 

2.4 

35 

3.1 

202 

4.0 

504 

2.0 

12 

2.45 

40 

3.2 

234 

4.1 

538 

2.05 

14 

2.5 

45 

3.3 

266 

4.2 

572 

2.1 

16 

2.55 

52 

3.4 

300 

4.3 

606 

2.15 

19 

2.6 

61 

3.5 

334 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  leased  upon  1 6 
discharge  measurementa  made  during  MK)3  and  1904.  It  is  well  defined  between  gage 
height8l.88  feetand3.60  feet.  The  table  hasbeen  extended  beyond  these  limits.  Above 
gage  height  3.30  feet  the  rating  curve  is  a  tangent,  tlie  difference  Ix^ing  34  jxt  tenth. 
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Estimated  momilUy  diichargv  of  Zealand  River  near  Twin  MouiUain^  X,  H,,  for  liMt-i  *md 

1904. 

[Drainage  area,  14  square  miles.] 


Diachai 
Maximum. 

22 
35 

.     28 
45 

170 

504 

334 

35 

30 

121 

620 

620 

283 

95 

■ge  in  second- 
Minimum. 

,8 

8 

16 

16 

35 

28 

28 

8 

4 

4 

4 

10 

31 

31 

feet. 
Mean. 

10.5 
17.8 
23.6 
29.0 

75.4 
97.9 

101 
15.0 
7.35 
13.0 
76.4 

213 

119 
58.8 

Run-off. 

Month. 

Second-feet 

per  square 

mile. 

Depth  in 
ineheiK. 

1903. 
September 

0.750 
1.27 
1.69 
2.07 

5.39 

6.99 

7.21 

1.07 

.525 

.929 

5.46 

15.21 

8.50 

4.20 

0.837 

October 

1.46 

November 

1.89 

December  1-28 

2.16 

1904. 
March  27-31 

1.00 

April 

7.80 

May 

8.31 

J  line 

1.19 

July 

.6a5 

August '. 

1.07 

Sei)teml)er 

6.09 

October 

November 

December  1-6 

17.54 
9.48 
.937 

LITTLE   RIVER   NEAR  TWIN   MOUNTAIN,  N.  H. 

This  station  was  established  January  21,  1904,  by  F.  E.  Pressey. 
It  is  located  at  the  rough  wooden  highway  bridge  about  2  miles  south- 
west of  Twin  Mountain,  N.  IL,  and  about  2  miles  above  the  entrance 
of  this  river  into  Aramonoosuc  River.  The  drainage  area  at  this 
point  is  about  11  square  miles.  This  drainage  basin  is  adjacent  to 
that  of  Zealand  River  previousl}^  described,  and  practically  all  forest 
cover  has  been  removed  from  it.  The  slopes  are  steep  and  there  is 
no  pondage  or  artificial  storage.  This  station  was  established  in  order 
to  obtain  comparative  data  as  to  the  time  and  duration  of  freshets.  A 
few  discharge  measurements  have  been  made  during  1904,  but  it  is  not 
intended  to  make  any  estimate  of  discharge  for  this  point,  but  merely 
a  record  of  gage  heights. 

A  standard  chain  gage  is  attached  to  the  floor  on  the  downstream 
side  of  £he  bridge  above  referred  to;  length  of  chain,  12.92  feet.  It 
is  referred  to  bench  marks  as  follows:  (1)  A  marked  point  on  the 
floor  of  the  bridge  near  the  zero  of  the  gage  scale;  elevation,  11.42 
feet  above  gage  datum;  (2)  a  cross  on  a  l)owlder  on  right  bank,  about 
32  feet  from  end  of  gage  box;  elevation,  9.05  feet  above  gage  datum. 
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The  channel  is  straight  for  about  50  feet  above  and  800  feet  below  the 
station.  The  banks  are  rocky,  low,  and  clean,  and  liable  to  overflow. 
The  bed  of  the  stream  is  of  large  bowlders  and  extremely  rough. 
The  current  is  swift  at  all  stages.  The  gage  is  read  twice  daily  by 
Edward  Lynch. 

Observations  at  this  station  during  1904  liave  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hydrographer. 

Discharge  measuremenis  of  Little  River  near  Tuin  Mountain  ^  N.  H.^  in  1904' 


Date. 

Hydrographer. 

Area  of 
section. 

Square  feet. 
26 

Mean 
velocity. 

Ga^e 
height. 

Discharge. 

August  23  « 

September  25  «. 

(:>i-tol>er  12  &  . . . 

H.  K.  Barrows 

Ft.  per  sec. 
2.04 

FtH. 

5.58 

5.75 

5.30 

Second'/eet. 
53 

H.  K.  Barrows  and  T. 
W.  Norcross. 

T.  W.  Xorcroflfl 

32 

28 

2.06 
.94 

66 
26 

a  Wading  1  mile  below  gage.  f>  Wading. 

Mean  daily  gaye  height^  in  feet j  of  Little  River  near  Tmn  Mountain,  N,  If.,  for  1904. 


Day. 

Jan. 

Feb. 

1.. 

4.60 

•> 

-1.65 

3   . 

• 

4.60 

-1 

4.60 

5 

4  65 

6 --. 

4.60 

8. 

9. 
10. 
11. 
12. 
13- 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


4.65 
^.65 
5.05 
4.85 
4.70 
4.70 
4.70 
4.70 
4.65 
4.60 
4.60 


5.10 
6.05 
4.80 
4.70 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
6.20 
5.00 
4.65 
4.60 
4.60 
4.70 
4.70 
4.70 


Mar. 

4.70 

4.60 

5.00 

6.85 

5.05 

4.70 

4.65 

7.20 

5.00 

4.95 

4.80 

4.80 

4.70 

4.70 

4.70 

4.70 

4.70 

4.70 

4.70 

4.60 

4.60  , 

4.65 

6.85  ' 

5.60 

6.70  ■ 

6.45  I 

5.40  I 

5.25 

6.15 

5.20 

6.10 


Apr.     May.  ;  June. 


4.90 
4.90 
4.90 
4.95 
5.a5 
5.05 
5.  45 
5.65 
6.15 
6.20 
5.80 
5.50 
5.45 
5.40 
6.35 
6.30 
6.35 
5.15 
6.00 
6.40 
5.15 
5.40 
5.15 
5.35 
5.95 
6.75 
5.55 
5.65 
6.00 
6.10 


6.15 
5.70 
5.86 
6.00 
6.10 
6.10 
6.05 
6.00 
6.00 
5.85 
6.20 
6.90 
5.85 
5.85 
5.96 
6.50 
6.25 
6.05 
6.20 
6.15 
5.90 
6.80 
6.70 
5.65 
5.60 
5.60 
5.55 
5.45 
5.30 
6.25 
5.20 


5.20 

5.10 

5.05 

5.10 

5.00 

6.10 

6.00 

5.00 

5.00 

5.00 

6.00 

4.90 

4.90 

4.95 

5.00 

6.00 

5.U0 

4.95 

4.90 

4.90 

4.90 

6.05 

5.00 

5.00 

4.90 

4.90 

4.90  I 

4.90  ! 

4.90 

4.90 


4.90 
5.10 
6.35 
5.0O 
5.00 
5.00 
4.95 
4.90 
1.90 
4.90 
4.90 
4.90 
5.25 
5.05 
6.00 
5.00 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.80 
4.80 
4.90 
4.90 
5.10 
5.10 
5.45 
5.15 
5.00 


Aug. 

Sept. 

Oct, 

Nov. 

Dec. 

5.20 

5.00 

6.05 

6.20 

5.10 

6.05 

5.00 

5.75 

5.20 

5.10 

5.15 

5.10 

5.65 

5.20 

6.10 

5.10 

5.30 

5.55 

5.20 

5.10 

5.10 

5.16 

5.45 

5.20 

5.10 

6.10 

5.10 

5.55 

6.15 

5.10 

5.00 

5.10 

5.45 

5.10 

5.10 

5.00 

5.10 

5.40 

5.10 

5.10 

5.00 

6.10 

5.35 

5.10 

6.10 

5.00 

5.00 

5.30 

a  6. 25 

5.10 

5.10 

5.00 

5.30 

5.25 

5.10 

5.15 

6.00 

5.30 

5.20 

5.10 

5.10 

5.00 

6.30 

5.10 

5.00 

5.00 

5.30 

5.10 

5.20 

6.60 

5.20 

5.10 

5.10 

5.85 

5.20 

6.10 

5.10 

5.50 

6.20 

5.10 

5.10 

5.85 

5.20 

5.40- 

6.00 

6.75 

5.20 

6.45 

5.90 

5.40 

6.20 

6.15 

5.85 

5.95 

6.20 

6.25 

5.55 

6.55 

6.10 

6.10 

5.75 

5.45 

6.90 

6.10 

5.35 

5.50 

5.55 

6.10 

5.30 

5.75 

5.50 

5.10 

5.25 

5.55 

5.65 

5.10 

5.15 

5.45 

5.56 

5.20 

6.10 

5.40 

5.35 

6.10 

5.10 

5.45 

6.30 

6.40 

5.05 

6.05 

5.25 

5.10 

5.00 

"*•*""" 

6.20 

a  After  November  10  gage  heights  probably  affected  by  anchor  ice. 
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WHITE   RIVE;R  AT   SHARON,  VT. 

This  station  was  established  June  30,  1903,  by  H.  K.  Barrows.  It 
is  located  at  the  steel  highway  bridge  near  the  railway  station  at 
Sharon.  The  drainage  area  at  this  point  is  680  square  miles.  A 
standard  chain  gage  is  attached  to  the  upstream  truss  of  the  bridge; 
length  of  chain,  27.58  feet.  It  is  referred  to  bench  marks  as  follow.s: 
(1)  Marked  point  on  post  near  gage;  elevation,  29.96  feet;  (2)  on  south 
side  of  east  abutment;  elevation,  24.59  feet.  Elevations  are  above 
datum  of  gage.  This  station  is  located  above  and  within  the  back- 
water from  a  crib  dam,  which  is  not  used  for  power  purposes,  all 
water,  except  leakage,  passing  over  the  crest  of  the  dam.  The  chan- 
nel is  straight  for  500  feet  above  and  500  feet  below  the  station.  It  is 
about  170  feet  wide  at  ordinary  stages.  The  current  is  sluggish  at 
low  water.  Measurements  at  low  stages  are  made  by  wading  at  a  point 
about  one-half  mile  above  the  bridge,  where  the  bed  is  of  gravel  and 
the  current  swift.  The  gage  is  read  twice  daily  by  J.  M.  O'Connor, 
of  Sharon. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 

Disdiarge  measurements  of  While  River  at  Shxiron,  VLy  in  190S  and  1904- 


Date. 


Hydrographer. 


H.  K.  Barrows 
....do 


1903. 

June  30 

AugUHt  1 « 

September  10  «.  I do 

1904. 

April  7 N.C.Grover 

May  3 -  S.  K.  Clapp 

May  27 

July  7« 

July  7« 

July  27«  ...:. 
September  26 . 


do 

do 

do 

do 

T.  W.  Norcross 


Area  of 
section. 

Mean 
velocity. 

Qage 
height. 

Square /eel. 

Ft.  per  tec. 

IM. 

1,580 

0.28 

5.03 

170 

2.32 

4.87 

140 

1.93 

4,79 

1,840 

1.69 

6.63 

1,820 

1.54 

6.49 

1,710 

.69 

5.58 

62 

2.37 

4.51 

52 

2.46 

4.49 

86 

3.67 

4.70 

1,690 

.75 

5.59 

Discharge. 

Second-feet. 
440 
3»5 
270 

3,110 

2,810 

1,180 

147 

128 

316 

1,260 


a  By  wading. 
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Mean  daUy  gage  height^  in  feet,  of  White  River  al  Sharon,  Tit.,  for  1904* 

May. 


Day. 

Mar. 

Apr. 

1 

6.20 
6.15 

2 

3 

4 

5 

6 

1 

7 

6.80 
6.80 
7.70 

8 

9 

10 

1 

7.60  ' 

11 

7.20 

6.85 
6.70 
6.30 

13 

14 ! 

15 

6.10 

6.10 
5.90 
6.00 
6.05 

17 

19 

6.00 

21 

5.90 
6.00 
6.00 
6.10 
6.70 
6.75 
6.40 
7.30 
8.10 
7.85 

23 

■■■•■"• 

25 

26 

27 

8.05 
6.80 
6.85 
6.25 
6.30 

28 

29 

30 

31 

7.20 
6.80 
6.50 
6.40 
6.20 
6.00 
5.80 
5.70 
5.65 
5.80 
5.80 
5.65 
5.70 
5.65 
5.70 
5.85 
5.60 
5.70 
6.80 
6.20 
6.05 
6.05 
5.76 
5.76 
5.75 
5.70 
5.60 
5.45 
5.40 
6.30 
5.30 


June. 

5.20 
5.20 
5.15 
5.10 
5.15 
5.20 
5.10 
5.10 
5.05 
5.00 
5.00 
4.90 
4.90 
4.90 
4.80 
4.80 
4.75 
4.70 
4.80 
4.80 
4.75 
4.75 
4.55 
4.40 
4.50 
4.50 
4.40 
4.45 
4.55 
4.60 


July. 

Aug. 
4.50 

Sept. 
4.50 

4.75 

4.80 

4.50 

4.40 

4.80 

4.60 

4.40 

4.70 

4.60 

4.45 

4.70 

4.65 

4.70 

4.60 

4.65 

4.80 

4.55 

4.70 

4.90 

4.50 

4.70 

4.95 

.4.50 

(«) 

4.95 

4.60 

4.90 

4.60 

4.80 

4.60 

4.80 

4.70 

4.70 

4.70 

4.70 

4.70 

4.60 

4.60 

5.90 

4.60 

5.90 

4.50 

5.85 

4.60 

4.50 

6.75 

4.40 

4.60 

5.65 

4. 85 

4.70 

5.55 

4.80 

.  4.80 

5.45 

4.45 

4.80 

6.36 

4.50 

4.80 

5.25 

4.60 

4.70 

5.15 

4.70 

4.70 

5.40 

4.70 

4.60 

5.60 

4.70 

4.60 

5.60 

4.60 

4.60 

5.65 

4.60 

4.60 

5.80 

4.50 

4.50 

Oct. 

Nov. 
6.15 

Dfw. 

5.90 



5.90 

6.05 

6.95 

5.90 

5.H5 

5.76 

5.75 

5.65 

5.65 

6.76 

5. 65 

5.86 

5.45 

5.90 

5.35 

5.85 

5.25 

5.76 

5.15 

5.66 

5.05 

5.55 

4.95 

W 

4.85 

4.80 

4.85 

4.95 

5.05 

5.15 

5.25 

5.50 

5.80 

6.&5 



6.76 

6.80 

1 

6:70 

p 
1 
1 

6.65 

6.55 

6.45 

■•••■*"     ~~  —  -  —  - 

6.85 

6.26 

....... 

a  No  gage  beightfl  taken  from  August  9-18,  Inclusive,  on  account  of  repairs  to  dam. 
if  Frozen  over  November  13.    No  records  during  frozen  season. 

Baling  table  for  Wliite  River  at  Sharon,  Vt.,from  July  i,  IBOS,  to  December  SI,  1904. 


Gage 
leight. 


helg 


Feet. 
4.5 
4.55 
4.6 
4.65 
4.7 
4.75 
4.8 
4.85 


Discharge. 

Gage 
height. 

Secondrfeet. 

Feet. 

140 

4.9 

169 

4.95 

199 

5.0 

230 

6.1 

263 

5.2 

298 

6.3 

335 

5.4 

376 

6.6 

Discharge. 


Gage 
height. 


Discharge. 


Gage 
height. 


Second-feet. 

Feet. 

418 

5.6 

464 

5.7 

513 

5.8 

619 

5.9 

732 

6.0 

849 

6.1 

970 

6.2 

1,095 

6.3 

Discharge. 


Second-feet. 

Feet. 

Second-feet. 

1,228 

6.4 

2,645 

1,370 

6.5 

2,850 

1,525 

6.6 

3,055 

1,695 

6.7 

3,265 

1,875 

6.8 

3,475 

2,060 

6.9 

3,685 

2,250 

7.0 

3,900 

2,446 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  10 
discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage 
heights  4.50  feet  and  6.70  feet.  The  table  has  been  extended  beyond  these  limits. 
Below  4.50  and  above  7.0  the  discharge  can  only  be  considered  an  approximation. 
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lilstbnaled  monthly  discharge  of  White  River  at  SJiaron,  Vt.jfar  J 903  and  1904- 

[Drainage  area,  680  square  miles.] 


Month. 


1903. 

July 

August 

September 

October 

November  1-21 

1904. 

March  27-31 

April  1-2;  7-30 

May 

June 

July  I. 

August « 

September 

October ^ 

November  1-12 


Maximum. 


1,695 

1,967 

513 

921 

641 

6,270 

6,385 

4,335 

732 

335 

335 

1,695 

3,475 

2,155 


'e  in  second-feet. 

Minimum. 

Mean. 

263 

483 

298 

510 

230 

314 

250 

471 

320 

416 

2,348 

3,417 

1,695 

3,105 

849 

1,725 

88 

395 

50 

200 

.      140 

217 

88 

758 

335 

1,540 

1,160 

1,569 

Run-ofT. 


Second-feet 

per  sauare 

mile. 


0.710 
.750 
.462 
.693 
.612 

6.02 
4.67 
2.54 
.581 
.294 
.319 
1.11 
2.26 
2.31 


Depth  in 
inches. 


0.819 
.860 
.516 
•  799 
.47H 

0.934 
4.42 
2.93 
.^S 
.  33i^ 
.368 
1.24 
2.61 
1.03 


a  August  9-18  interpolated. 


ASHUELOT    RIVER   AT   WINCHESTER,  N.  H. 

This  Station  was  established  eluly  10,  1903,  by  H.  K.  Barrows.  It 
is  located  at  the  steel  highway  bridge  in  the  village  of  Winchester. 
The  drainage  area  at  this  point  is  385  square  miles.  A  standard  chain 
gage  is  attached  to  the  bottom  chord  of  the  upstream  truss;  length  of 
chain,  25.24  feet.  It  is  referred  to  bench  marks  as  follows:  (1)  East 
end  of  left  abutment;  elevation,  20.79  feet.  (2)  Top  of  watering 
trough  in  the  village  square;  elevation,  25.18  feet.  Elevations  are 
above  datum  of  gage.  The  channel  is  straight  for  300  feet  al)ove  and 
500  feet  below  the  station^  and  is  about  70  feet  wide  at  ordinary  stages, 
broken  by  one  pier.  The  current  is  sluggish  at  low  stages  of  the 
river,  the  lowest  observed  mean  velocity  having  been  0.39  foot  jK?r 
second  at  gage  height  4.02. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  H.  K.  Barrows,  district  hydrographer. 
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Discharge  meastirnnents  of  Ashuelot  River  at  Winchester,  X.  II. y  in  1904- 


Date. 


Hydrographer. 


April  7 N.  C.  Grover  and  S.  K. 

Clapp 

May  16 S.  K.  Clapp 

May  31 ' do 

June  17 do 

July  8 do 

July  27 do 

August  11 do 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Squarefefi. 

Ft.  per  sec. 

1 
Fret. 

734 

2.35 

8.57 

490 

1.65 

5.98 

425 

1.21 

5.32 

294 

.62 

4.00 

297 

.66 

4.05 

270 

.45 

3.62 

297 

.44 

4.05 

Discharge. 


Second-feet. 

1,720 
810 
515 
181 
196 
121 
131 


Mexin  daily  gage  height^  in  feet,  of  Ashuelot  River  at  Winchester^  N,  IL^for  1904. 


Day. 


Apr.    j  May.      June.  '  July. 


1 

7.9 

2 

9.8 

S 

10.1 

4 

9.0 

5 

8.2 

6 

8.0 

7 

8.4 

8 

9.4 

9 

9.9 

10 

11.8 

11 

12.5 

12 

10.7 

13 

9.4 

14 

8.6 

15 

7.8 

16 

7.4 

17 

7.2 

18 

7.7 

19 

7.6 

20 

7.3 

21 

7.0 

22 

7.0 

23 

6.9 

24 

6.5 

25 

6.6 

26 

6.9 

27 

6.9 

28 

8.5 

29 

11.2 

30 

12.5 

11.8 
9.8 
8.4 
7.4 
7.0 
6.6 
6.2 
5.6 
B.7 
6.2 
6.8 
7.2 
6.7  j 
6.0  i 
5.6  ' 
5.7 
6.0 
5.7 
5.9 
6.9 
7.2 
6.5 
6.2 
5.8 
5.5 
5.8 
5.7 
5.4 
5.1 
4.9 
5.2 


5.2 
4.9 
4.9 
4.9 
4.6 
4.6 
5.0 
5.3 
5.3 
5.0 
4.8 
4.6 
4.5 
4.5 
4.3 
4.3 
4.2 
4.2 
4.2 
3.7 
4.1 
4.1 
4.2 
4.6 
4.2 
4.1 
4.0 
3.9 
8.9 
4.2 


5.0 
5.6 
5.2 
4.7 
4.6 
4.4 
4.3 
4.3 
4.4 
4.2 
4.4 
4.2 
3.8 
3.7 
3.6 
3.6 
3.4 
3.4 
3.6 
3.6 
3.5 
3.6 
3.5 
3.4 
3.4 
3.4 
3.7 
3.4 
3.5 
3.5 
3.4 


Aug. 


3.4 
8.8 
3.8 
3.6 
3.9 
8.K 
3.5 
3.4 
8.5 
3.  kj 
4.1 
4.2 
4.2 
3.9 
3.6 
3.8 
3.8 
3.8 
3.7 
3.8 
4.4 
5.0 
4.8 
4.2 
4.0 
3.9 
3.9 
3.9 
3.6 
3.8 
3.7 


Sept. 

3.7 
3.6 
3.6 
3.5 
3.4 
3.4 
3.6 
3.6 
3.6 
3.6 
4.1 
3.9 
•i.l 
4.1 
5.G 
7.1 
5.4 
4.8 
4.2 
4.4 
4.5 
4.4 
4.5 
4.5 
4.5 
4.1 
4.2 
4.2 
4.2 
4.6 


Oct. 


5.0 
4.9 
4.8 
4.4 
4.4 
4.4 
4.4 
4.5 
4.5 
4.2 
4.2 
4.2 
4.1 
4.4 
4.4 
4.2 
4.1 
4.0 
4.1> 
4.2 
4.1 
5.0 
5.4 
5.4 
4.8 
4.6 
4.6 
4.5 
4.2 
4.2 
4.4 


Nov. 

4.2 

4.2 

4.2 

4.2 

Dec. 


4.0 
4.2 
4.0 


4.2 
4.2 
4.2 
4.0 
4.1 
4.0 
3.9 
4.0 
4.1 
4.1 
4.1 
4.3 
4.2 
4.3 
4.2 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.4 
4.4 
4.2 
4.2 
4.0 


Note. — Gage  not  read  during  frozen  season. 
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DEERFIELD   RIVER   AT   DEERFIELD,  MASS. 

Deerfield  River  is  one  of  the  largest  tributaries  of  Connecticut 
River,  having  a  total  drainage  area  of  667  square  miles.  It  rises  in 
southern  Vermont,  and  joins  Connecticut  River  about  1  mile  southeast 
of  Greenfield.  It  is  important  as  a  water-power  stream,  but  is  not  well 
supplied  with  storage  reservoirs,  consequently  subject  to  considerable 
fluctuations  of  flow. 

A  gaging  station  was  established  March  29,  1904,  by  N.  C.  Grover, 
at  the  suspension  highway  bridge,  about  one-fourth  mile  from  West 
Deerfield  railway  station,  and  about  6  or  7  miles  above  the  mouth  of 
the  river.  The  drainage  area  at  this  point  is  550  square  miles.  About 
2  miles  below  the  station  is  an  old  dam,  partially  destroyed,  and  back 
water  from  Connecticut  River  reaches  the  site  of  this  old  dam.  A 
standard  chain  gage  is  attached  to  the  downstream  side  of  the  bridge; 
length  of  chain,  32.21  feet.  The  gage  is  referred  to  bench  marks  as 
follows:  (1)  Point  on  bottom  chord  of  bridge,  near  the  zero  of  gage 
scale;  elevation,  31.49  feet.  (2)  On  top  of  downstream  foundation  of 
bridge  pier  on  the  right  bank;  elevation,  28.92  feet.  (3)  Copper  bolt 
set  in  ledge  on  left  bank,  20  feet  upstream  from  abutment;  elevation, 
21.04  feet.     All  elevations  are  referred  to  gage  datum. 

Discharge  metisurements  are  made  from  the  downstream  side  of  the 
bridge  to  which  the  gage  is  attached,  the  initial  point  for  soundings 
being  the  left  end  of  the  top  chord  of  the  stiffening  truss  at  the  down- 
stream side.  The  channel  is  straight  for  about  600  feet  above  and 
1,000  .feet  below  the  station.  The  banks  are  high,  rocky,  and  clean, 
and  not  liable  to  overflow.  The  bed  is  clean  and  permanent,  the  left 
half  being  of  gravel  and  the  right  half  of  sand.  There  is  but  one 
channel  at  all  stages.  The  current  is  medium,  becoming  sluggish  at 
low  water,  when  measurements  are  made  by  wading  at  a  point  about 
one-half  mile  downstream.  The  gage  is  read  twice  daily  b3'^  Mrs. 
Carrie  I.  Wellman. 

Observations  at  this  station  during  1904  have  been  made  under  tlie 
direction  of  H.  K.  Barrows,  district  hydrographer. 
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Discharge  measurements  of  DterfiM  Rinr  at  Deerfield^  Mass.^  in  1904' 


Date. 


Hydrographer. 


March  30 N.  C.  Grover 

April  11 S.  K.  Clapp 

April  25 do 

May  18 ' do 

Junel---- do 

June20a 

July  28  « 

August  17  «  .--- 
September  17 .  - 

October  27 

November  30  «'» 


....do 

-...do 

..-.do 

T.  W.  NorcroBS 

....do 

.-..do 


Art'H  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Discharge. 

Siiuarejcet. 

Ft.  per  sec. 

Seco»d'/eet. 

2,180 

1.10 

3.61 

2,390 

2,500 

2.32 

• 

4.68 

5,810 

2,480 

2.02 

4.58 

5,010 

2,270 

1.50 

3.75 

3,420 

1,920 

.31 

2.81 

590 

449 

1.89 

2.70 

850 

259 

1.98 

2.60 

513 

168 

1.64 

2.45 

275 

2,015 

.63 

3.21 

1,260 

2,010 

.49 

2.90 

981 

288 

1.^ 

2.60 

531 

a  Bv  wading  at  different  sections. 

<> River  frozen  at  gage  0.1  foot  thick.    Gage  height  is  to  bottom  of  ice. 

Mean  daily  gage  height^  infeetf  of  Deerfield  River  at  Deerfield,  Mass,^  for  1904. 


Day. 

Mar. 

Apr. 

4.05 
5.10 
4.16 
3.70 
8.70 
4.00 
4.20 
4.80 
5.45 
6.20 
4.70 
4.20 
3.90 
3.55 
8.40 
3.50 
3.25 
8.40 
8.70 
3.30 
3.26 
8.25 
3.50 
3.65 
4.40 
4.40 
4.50 
6.86 
6.96 
4.90 

May. 

4.60 
4.40 
4.00 
8.90 
3.75 
3.50 
3.45 
3.36 
3.10 
3.40 
3.50 
3.30 
3.20 
3.15 
3.00 
3.90 
4.00 
3.90 
4.65 
4.50 
3.70 
3.50 
8.30 
8.20 
8.15 
8.20 
8.20 
8.00 
2.90 
2.70 
2.85 

June. 

July. 

2.70 
2.90 
2.65 
2.65 
2,60 
2.55 
2.55 
2.60 
2.65 
2.50 
2.50 
2.50 
2.50 
2.50 
2.45 
2.  15 
2.45 
2.55 
2.50 
2.55 
2.40 
2.40 
2.40 
2.40 
2.45 
2.55 
2.60 
2.60 
2.50 
2.40 
2.40 

Aug. 

Sept. 

Oct. 

Nov. 

2.60 
2.66 
2.50 
2.50 
2.50 
2.40 
2.80 
2.40 
2.30, 
2.30 
2.30 
2.30 
2.30 
2.40 
2.45 
2.40 
2.30 
2.30 
2.40 
2.45 
2.60 
2.80 
2.70 
2.60 
2.50 
2.40 
2.80 
2.35 
2.40 
(12.30 

Dec. 

1 

2.80 
2.70 
2.75 
2.85 
2.90 
2.»0 
3.05 
3.50 
6.05 
4.05 
3.50 
3.05 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.65 
2.60 
2.65 
2.55 
2.60 
2.60 
2.80 
2.55 
2.50 
2.85 
2.60 

2.40 
2.40 
2.45 
2.60 
2.40 
2.40 
2.35 
2.30 
2.40 
2.50 
2.80 
2.60 
2.55 
2.50 
2.60 
2.50 
2.40 
2.50 
2.50 
2.65 
3.95 
3.00 
2.66 
2.55 
2.50 
2.50 
2.45 
2.40 
2.40 
2.30 
2.30 

2.30 
2.20 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.40 
2.50 
2.60 
2.45 
2.36 
2.30 
5.60 
3.65 
3.10 
2.95 
2.85 
2.65 
2,50 
2.45 
2.45 
2.65 
2,60 
2.60 
2.60 
2.60 
2.80 
4.30 

8.35 
2.95 
2.75 
2.70 
2.60 
2.60 
2.56 
2.60 
2.50 
2.45 
2.80 
2.80 
2.75 
2.86 
2.80 
2.70 
2.66 
2.60 
2.56 
2.60 
4.20 
4.80 
3.65 
3.00 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.50 

2 

3 

4 

6 

6 

7 

8..^ ; 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

% 

21 

22 

23 

24 

26 

26 

27 

28 

29 

8.85 
8.65 
3.66 

30 

81 

a  River  entirely  frozen  on  November  80. 
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WARE    RIVER  NEAR   WARE,  MASS. 


Ware  River  is  formed  in  the  town  of  Barre  by  the  junction  of 
several  small  streams.  The  surrounding  country  is  hilly  and  largely 
cleared.  The  total  drainage  area  is  about  223  square  miles,  and  is  a 
tributary  to  Chicopee  River,  which  drains  a  large  section  of  cen- 
tral Massachusetts,  and  is  the  largest  tributary  of  the  Connecticut  in 
respect  to  drainage  area,  its  basin  containing  730  square  miles.  It  is 
formed  at  Three  Rivers  by  the  union  in  that  vicinity  of  the  Ware, 
Swift,  and  Quabog  rivers;  thence  runs  westerly  about  15  miles,  join- 
ing the  Connecticut  at  Chicopee.  Chicopee  River  and  its  tributaries 
are  quite  important  water-power  streams,  and  expensive  developments 
have  been  made  upon  them. 

A  gaging  station  was  established  on  September  15,  190-i,  by  H.  K. 
Barrows,  at  the  steel  highway  bridge — span  of  about  85  feet — about  2 
miles  above  the  village  of  Ware.  The  drainage  area  at  this  point  is 
162  square  miles.  A  standard  chain  gage  is  fastened  to  the  floor  timbers 
of  the  bridge  on  the  upstream  side  toward  the  right  bank;  length  of 
chain,  14.10  feet.  It  is  referred  to  bench  marks  as  follows:  (1)  On 
post  of  bridge  railing  at  east  end  of  gage;  elevation,  17.01  feet.  (2) 
On  west  abutment  on  downstream  side  about  18  inches  from  the  corner 
near  the  truss;  elevation,  11.48  feet.  (3)  Southeast  corner  of  abut- 
ment of  i-ailroad  culvert,  about  250  feet  north  of  the  Boston  and  Maine 
Railroad  crossing,  west  of  gage;  elevation,  18.63  feet.  All  bench 
marks  are  referred  to  gage  datum. 

Discharge  measurements  are  made  usually  from  the  upstream  side 
of  the  bridge  to  which  the  gage  is  attached.  The  initial  point  for 
soundings  is  left  abutment  at  the  top;  the  channel  is  curved  for  some 
little  distance  above  the  bridge  and  straight  below  the  bridge.  The 
bed  of  the  stream  is  rocky  with  some  gravel.  The  banks  are  medium 
in  height  and  overflow  at  ver^^  high  water,  when  there  will  be  two  or 
more  channels.  The  current  is  swift  at  high  stages  and  well  sustained 
at  low  stages.  The  gage  is  read  twice  daily  by  M.  N.  Richards,  a 
farmer.  The  expense  of  a  gage  reader  at  this  point  is  borne  equally 
})y  the  Otis  Company  and  the  George  H.  Gilbert  Manufacturing  Com- 
pany, both  of  Ware. 

Observations  at  this  station  during  1904  have  been  made  under  tin* 
direction  of  II.  K.  Barrows,  district  hydrographer. 
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Discharge  imamiremeiitx  of  Ware  Rirtr  near  Ware,  Mass.j  in  1904. 


Date. 


September  15 . 
September  20 . 

October  5 

October  19 

October  29 

November  14  . 


Hydrographer. 


H.  K.  Barrows - 
T.  W.  Norcross 

do 

do 

do 

do 


Area  of 
section. 


i^Htare  feet, 
250  I 
106  ' 

95 
106 
113 

89 


Mean 
velocity. 


Gage 
height. 


Discharge. 


Ft.  jxrr  sec. 
8.45 
1.59 
1.75 
1.93 
1.71 
1.49 


FecL 

Second-feet. 

4.44 

863 

2.59 

169 

2.63 

166 

2.70 

205 

2c  80 

193 

2.46 

133 

Mean  daily  gage  height,  infeet,  of  Ware  River  near  Ware^  Masn.j  for  1904, 


Day. 


1. 

o 


10. 

n. 

12. 
13. 
14. 
15. 
16. 


Sept. 


4.35 
4.40 


Oct. 

2.76 
2.50 
2.90 
2.85 
2.70 
2.70 
2.60 
2.30 
2. 15 
2.66 
2.80 
2.60 
2.65 
2.80 
2.60 
2.40 


Nov 


2.40 
2.75 
2.60 
2.65 
2.60 
2.15 
2.60 
2.70 
2.75 
2.75 
2.a5 
2.10 
2.15 
2.66 
2.60 
2.70 


Dec. 


2.60 
2.60 
2.60 
2.10 
2.76 
2.70 
2.70 
2.60 
2.46 
(«) 


Day. 


17 

3.50 

18 

2.75 

19 

2.80 

20 

2.65 

21 

2.60 

22 

2.85 

23 

2.70 

24 

2.60 

25 

2.30 

26 

2.55 

27 

2.90 

28 

2.50 

29 

2.40 

30 

2.80 

31 

Sept. 


Oct. 


2.40 
2.36 
2.70 
2.50 
2.80 
2.90 
2.70 
3.00 
2.75 
2.90 
2.80 
2.70 
2.50 
2.40 
2.45 


Nov. 

2.70 
2.50 
2.30 
2.00 
2.90 
2.80 
2. 75 
2.60 
2.70 
2.40 
2.50 
3.20 
2.90 
2.70 


Dec. 


a  River  frozen  over  December  1(^1. 
WARE   KIVER  AT   GILBERTVILLE,    MASS. 

Records  of  flow  of  Ware  River  have  been  kept  at  the  lower  mill 
through  the  courtesy  and  assistance  of  the  George  H.  Gilbert  Manu- 
facturing Company,  at  Gilbertville,  since  September  22,  11)04.  The 
drainage  area  at  this  point  is  160  square  miles.  The  lower  dam  is 
101.5  feet  long  with  a  fairly  even  crest.  The  greater  part  of  the  time, 
however,  all  of  the  water  at  this  point  is  used  through  the  wheels,  and 
the  record  is  kept  largely  b}'^  means  of  the  record  of  wheel  openings. 
These  wheels  have  been  rated  at  Holyoke,  and,  in  addition  to  this, 
current-meter  gagings  are  made  from  time  to  time  as  a  check  on  the 
flow.  The  average  head  on  wheels  is  about  19.5  feet.  Records  of  flow 
at  this  point  during  1904  are  withheld,  awaiting  confirmation  of  data. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hydrographer. 
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QUABOO   RIVER  AT  WEST  WARREN,  MASS. 

Quabog  River  is  some  25  miles  in  length  with  a  drainage  area  of 
213  square  miles.  It  is  an  especially  valuable  stream  as  regards  water 
power,  on  account  of  its  well  sustained  flow  and  absence  of  effect  from 
freshets.  There  is  still  a  large  amount  of  power  below  West  Warren 
which  is  not  developed. 

A  station  for  securing  a  I'ecord  of  flow  of  Quabog  River  has  been 
maintained  by  the  United  States  Geological  Survey  at  West  Warren 
at  the  dam  of  J.  T.  F.  MacDonnell,  of  Holyoke,  since  October  22, 
1904.  The  drainage  area  at  this  point  is  144  square  miles.  The  dam 
is  timber  crib,  102.7  feet  long  between  vertical  abutments,  and  affords 
a  fall  of  about  13  feet.  This  dam  is  leased  by  the  Composite  Leather 
Company,  but  no  power  is  used  at  the  present  time;  so  that  the  whole 
flow  is  over  the  dam. 

A  plain  staff  gage  is  placed  near  the  canal  head-gates  at  the  dam,  on 
the  left  side.  Elevation  50  of  this  gage  corresponds  to  the  level  <;f 
the  crest  of  the  dam.  This  gage  is  read  once  a  day^  by  Amory  Crct«- 
man.  Records  of  flow  at  this  point  during  1904  have  been  withheld, 
awaiting  confirmation  of  data. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hydrographer. 

SWIBT   RIVER   AT   WEST   WARE,  MASS. 

Swift  River  is  some  30  miles  long  and  drains  a  total  area  of  218 
square  miles.  It  drains  a  hilly  country  very  similar  to  that  of  Ware 
River,  but  perhaps  more  thickly  wooded.  There  is  enough  storage 
on  this  river  to  make  the  flow  well  sustained  during  the  dry  period. 

Records  of  flow  of  Swift  River  have  been  kept  at  the  mill  of  the 
West  Ware  Paper  Company,  through  the  couitesy  of  Mr.  Dwight 
Holland,  manager,  since  October  21,  1904.  ■  The  drainage  area  at  this 
point  is  188  square  miles.  The  dam  at  West  Ware  is  timber  crib;  htis 
a  total  length  of  150  feet  between  vertical  abutments,  with  a  fairly 
good  crest.  A  considerable  portion  of  the  time  all  of  the  water  is  used 
at  this  point  through  the  wheels,  and  record  is  kept  largely  by  means 
of  them.  One  of  the  wheels  has  been  rated  at  Holyoke,  and  additional 
current-meter  measurements  are  made  to  serv^e  as  a  check  on  the  com- 
putations. The  average  head  on  the  wheels  is  about  11  feet.  Records 
of  flow  at  this  point  during  1904  are  withheld  awaiting  confirmation  of 
data. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hydrographer. 
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WE8TF1ELD  RIVER  AT  RUSSELL,    MASS. 

The  main  branch  of  Westfield  River  rises  in  the  northeasterly  part 
of  Berkshire  County,  entering  Connecticut  River  at  Springfield,  with 
a  total  length  of  about  55  miles.  Its  principal  tributaries  are  the 
West  Branch  and  Middle  Branch,  respectively;  length  of  the  West 
Branch  from  the  mouth  being  22  miles  and  that  of  the  Middle  Branch 
24  miles.  The  country  in  this  drainage  basin  is  very  hilly  and  even 
mountainous  at  its  headwaters.  Slopes  are  steep  and  rocky.  There 
is  little  storage,  consequently  rapid  fluctuations  in  the  flow. 

This  station  was  established  April  1,  1904,  by  N.  C.  Grover.  It  is 
located  at  the  steel  highway  bridge  of  two  spans,  which  are  about  250 
feet  long,  near  the  railway  station  at  Russell,  Mass.  The  drainage  area 
at  this  point  is  331  square  miles.  A  standard  chain  gage  is  attached  to 
the  upstream  side  of  the  bridge  near  the  center  of  the  left  span;  length 
of  chain,  23.98  feet.  The  gage  is  referred  to  bench  marks  as  follows: 
(1)  Top  of  plank  floor  near  the  zero  of  gage  scale;  elevation,  22.89 
feet.  (2)  Upstream  inner  corner  of  left  abutment  near  post;  elevation, 
22.31  feet.  (3)  Upstream  inner  corner  of  right  abutment  near  post; 
elevation,  24.76  feet.     All  elevations  are  referred  to  gage  datum. 

Discharge  measurements  are  made  from  the  bridge  to  which  the 
gage  is  attached.  The  initial  point  for  soundings  is  the  face  of  left 
abutment,  downstream  side  at  the  top.  The  channel  is  straight  for 
1,000  feet  above  and  below  the  station.  The  bed  of  the  stream  is  of 
gravel  and  small  bowlders,  very  rough  but  permanent.  Both  banks 
are  high,  rocky,  and  clean,  and  not  subject  to  overflow.  There  are 
two  channels  at  all  stages;  current  is  swift  at  all  times.  The  gage  is 
read  twice  daily  by  B.  A.  Silliman,  station  agent  at  Russell. 

Observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  H.  K.  Barrows,  district  hydrographer. 
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Dischanje  measurements  of  nV«(//Wd  River  at  Russell^  Masa.,  in  1904- 


Date. 


Hydrographer. 


April  2 '  N.  C.  Grover  and  8.  K. 

Clapp. 

April  27 S.  K.  Clapp 

June 3 do 

June  22 do 

July  29« do 

July  30 1 do 

August  18 1 do 

September  16 . . 


October  4 

October  26 

November  29  ^ 


H.  K.  Barrowa  andT.  W. 
Norcrosfi. 

T.  W.  Norcross 

do 

do 


Area  of 
section. 


Squarejed.. 
700 

323 
210 
165 
130 
132 
134 
348 

167 

226 

'l61 


Mean 
velocity. 

Gage 
height. 

Discharirt'. 

Ft.  per  ace. 

Feet. 

1 
ik:can4i-ft'  t. 

7.13 

3.37 

4,9*H» 

4.13 

1.72 

l,:m) 

2. 53 

1.10 

5.S1 

2.14 

.98 

;^s:j 

2.88 

.85 

374 

1.59 

.90 

210 

1.67 

.90 

224 

2.96 

1.95 

1,  a?o 

1.49 

.99 

24*> 

2.39 

1.30 

540 

1.21 

.99 

19<) 

a  Wading  1^  miles  below  bridge.  <>  Poor  conditions  due  to  anchor  ice. 

Mean  daibj  <ja(je  height,  in  feet,  of  Westfield  River  at  Russelly  Mass.,  for  1904. 


Day. 

Apr. 

May. 

2.15 
1.90 
1.80 
1.70 
1.60 
1.55 
1.50 
1.40 
1.50 
1.70 
l.CO 
1.45 
1.30 
1.26 
1.20 
1.90 
1.65 
1.60 
1.85 
2.30 
1.75 
1.45 
1.35 
1.80 
1.20 
1.70 
1.50 
1.30 
1.20 
1.15 
1.15 

June. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

I>e*\ 

1 

2.80 
3.65 
2.76 
2.20 
2.20 
2.46 
2.66 
2.70 
3.20 
3.30 
2.65 
2.40 
2.20 
1.96 
1.80 
1.80 
1.76 
1.90 
2.00 
1.80 
1.70 
1.65 
1.65 
1.65 
1.80 
1.80 
1.85 
3.80 
3.50 
2.65 

1.10 
1.10 
1.10 
1.05 
1.20 
1.60 
3.60 
2.16 
4.15 
2.46 
1.90 
1.66 
1.46 
1.36 
1.30 
1.20 
1.15 
1.10 
1.06 
1.05 
1.00 
1.00 
1.00 
1.00 
.95 
1.00 
.95 
.95 
1,00 
1.35 

2.20 

1.76 

1.40 

1.2C 

1.10 

1.40 

1.16 

1.00 

.96 

.90 

.96 

.95 

1.06 

1.05 

.95 

.90 

.90 

1.20 

1.05 

.90 

.90 

.70 

.80 

.90 

1.00 

1.00 

1.00 

1.00 

.95 

.90 

.80 

0.80 

.90 

.86 

.80 

.80 

.80 

.70 

.70 

.80 

.80 

2.66 

1.40 

1.10 

1.00 

1.10 

1.00 

.90 

.90 

.85 

1.20 

2.00 

1.30 

1.10 

1.00 

.95 

.90 

.90 

.80 

.80 

.80 

.80 

0.90 

.90 

.85 

.80 

.80 

.80 

.70 

.80 

.80 

.80 

.86 

.80 

.80 

.80 

4.20 

2.00 

1.40 

1.20 

1.10 

1.06 

1.00 

1.00 

.95 

1.00 

1.00 

1.06 

1.00 

1,00 

1.00 

1.56 

1.80 

1.10 

1.00 

.96 

.90 

.90 

.90 

.85 

.80 

.86 

.90 

1.00 

1.16 

1.20 

1.10 

1.00 

.96 

.90 

.90 

.90 

s:4o 

2.45 
1.70 
1.40 
1.30 
1.20 
1.20 
1.20 
1.15 
1.10 
1.10 

1.10 
1.05 
l.(« 
1.10 
1.10 
1.10 
1.06 
1.00 
1.00 
1.00 
1.00 
1.00 

1.1 

2 

1.  T 

3 

1.    !  • 

4 

^     -  - 

6 

1 

6 

1-    <iJ 

7 • 

8 

9 

10 

11 

12 

13 

.96    

14 

1.00 
1.05 
1.10 
1.05 
.96 

15.. 

16 

17 

18 

19 

1.00   

20 

1.10 
1.25 

21 

22 

1.30  ! 

23 

! 
1.30    

24 

1.20    

25 

1.15    

26 

1.05    

27 

.*95   

28 

1.00' 

29 

1.00  ' 

30 

1.10    

31 

1 
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HOU8ATOKIC  DRAINAGE  BA8IN. 

# 

Housatonic  River  has  its  source  in  Berksliire  County,  Mass.  It  flows 
southerlv^  across  Massachusetts  and  the  western  end  of  Connecticut, 
entering  Long  Island  Sound.  Its  course  is  nearly  parallel  to  the  east- 
ern boundary  of  New  York  State,  and  it  receives  the  drainage  from 
Tenmile  River  in  New  York. 

Tenmile  River  drains  an  area  of  diversified  topography,  including 
broad  flats  and  marshes  in  the  basin  of  Swamp  River  and  extensive 
areas  under  cultivation  and  sparsely  timbered  hill§  in  the  region  of 
the  Chestnut  Range.  The  drainage  area  lies  chiefly  in  New  York 
State,  the  stream  crossing  the  line  into  Connecticut  one-half  mile  above 
the  junction  with  the  Housatonic.  Stations  have  been  maintained  in 
this  basin  on  Housatonic  River  at  Gaylordsville,  Conn. ,  and  on  Ten- 
mile  River  near  Dover  Plains,  N.  Y. 

HOUSATONIC   RIVER  AT  GAYLORDSVILLE,  CONN. 

This  station  was  established  October  24, 1900,  by  E.  G.  Paul.  The 
gage  is  located  at  the  covered  wooden  highway  bridge  at  Gaylords- 
ville, Conn.,  2  miles  below  the  mouth  of  Tenmile  River  and  IJ  miles 
above  the  cable  from  which  discharge  measurements  are  made.  The 
chain  gage  is  fastened  to  the  woodwork  of  the  inside  of  the  bridge. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
30.45  feet.  The  gage  is  read  twice  each  day  by  G.  H.  Munroe.  On 
account  of  the  poor  cross  section  of  the  channel  at  the  bridge,  dis- 
charge measurements  are  made  by  means  of  a  three-fourths-inch  cable 
and  car  li  miles  below.  The  cable  has  a  span  of  200  feet.  It  is  sup- 
ported on  the  right  bank  by  timbers  25  feet  high,  and  is  anchored  to 
a  large  rock  buried  in  the  ground.  On  the  left  bank  the  cable  is  sup- 
ported hy  a  large  sycamore  tree  and  fastened  to  the  base  of  a  large 
oak.  The  initial  point  for  soundings  is  the  zero  of  the  tagged  wire  at 
the  sycamore  tree  which  supports  the  cable  on  the  left  bank.  The 
channel  is  straight  for  about  500  feet  above  and  below  the  station. 
The  current  at  the  cable  never  becomes  too  sluggish  to  be  accurately 
measured.  At  high  water  the  current  is  swift  and  rough.  Both  banks 
are  subject  to  overflow  only  at  extreme  freshets.  Both  banks  have  a 
sparse  growth  of  trees  and  brush.  The  bed  of  the  stream  is  composed 
of  gravel  and  cobblestones,  free  from  vegetation,  and  not  subject  to 
change.  No  bench  mark  has  been  established.  The  center  of  the  gage 
pulley  is  29.35  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 
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Duu'.harge  measuremeiits  of  IloumUmic  River  at  OaylordwUlCf  Cotm.,  in  190O-J9O4. 
Datt', 


1900. 
August  9  «  . 
August  10  « 
October  20. 
October  24. 


1901. 

March  30 

April  27 

August  3 

September  13  . 
8epteml)er  28 . 

October  29 

November  13 do 

November  23 do 

December  28 do 


Hydn)gmpher. 


K.  G.  Paul 

do  ... 

....do  ... 
do  .... 


A.  K.  Chittenden 

....do 

A.  E.  Place...... 

....do 

AV.  W.  vSchlecht  . 
....do 


1902. 

January  11 '  W.  W.  Schlecht 

February  14  & do 

March  4 do 


March  18 do 


Mav  3 do 

June  23 do 

July  11 H.  K.  Barrows. 

July  22 do 

August  5 , do 

August  20 do 


September  8  ...i do 

September  19 do 

October  3 '  P.  M.  Churchill.. 

November  15  ..'  F.  H.  Tillinghast. 

I 

November  29 do 

December  20 do 


1903. 
January  23  . . 

March  31 

June  6 

July  24 

September  15 

1904. 
Julv  16 


F.  H.  Tillinghast. 

....do 

do 

do 

do 


C.  C.  Covert 


Area  of 
section. 


272 
232 
236 
251 


1, 
1, 


1, 
1, 


1, 


1, 


1, 


014 
311 
322 
462 
384 
444 
648 
455 
758 

677 
446 
090 
469 
010 
498 
496 
194 
476 
423 
352 
367 
693 
570 
560 
140 

812 
092 
359 
693 
785 

363 


Mean 
velocity. 


Ft.  per  9CC. 
1.66 
1.82 
1.28 
1.47 

4.64 
5.65 
1.78 
1.98 
1.83 
2.14 
2.88 
2.12 
3.32 

3.23 
2.49 
6.51 
5.64 
4.41 
.  2.36 
2.34 
4.28 
2.06 
1.97 
1.54 
1.74 
3.08 
2.38 
2.29 
4.79 

3.23 
4.37 
1.48 
2.97 
1.86 

1.64 


Gage 
height. 


Feet. 
3.30 
3.25 
3.10 
3.00 

6.20 

7.20. 

3.50 

4.00 

3.77 

4.05 

4.82 

4.11 

5.16 

5.00 
8.30 
9.90 
7.63 
6.10 
4.46 
4.30 
6.68 
4.28 
3.95 
3.45 
3.75 
5.35 
4.50 
4.40 
6.65 

5.50  ' 
6.52  ; 
3.60  ' 
5.20  \ 

3.90 ; 

3.80 


Disch&i^e. 

Hceond-feet. 
450 
422 
370 
303 

■4,718 

7,419 

549 

912 

701 

951 

l,8f>4 

965 

2,520 

2,1^ 
1,  111 
13,«<X) 
8,  259 
4.459 
1,177 
1,159 
5,119 
983 

543 
640 

2,  laj 

1,356 
1 ,  282 
5,465 

2,621 
4,  773 

532 
2,062 

785 

596 


a  Measurement  at  diff^'rcnt  sections. 


h  Backwater  from  ice. 


BARROWS 
AM)    HOYT 


.] 


HOUSATONIO   RIVER   DRAINAaK   BASIN. 


149 


Mean  daily  gage  height ,  infeetj  of  IlotiscUonic  River  at  Gi^ylordsviUe,  Conn.,  for  1904, 


Day. 


2... 

S.. 

4.. 


5. 


Jan. 

Feb. 

Mar. 

4.85 

6.85 

6.25 

4.75 

6.15 

6.05 

4.05 

6.60 

6.80 

4.10 

6.65 

7.65 

4.10 

6.40 

6.10 

4.05 

6.45 

5.46 

Apr. 


7 » rt4.l0 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
IH. 
19. 
30. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


3.95 
4.10 
4.55 
4.65 
4.55 
5.60 
5.85 
6.15 
6.20 
<-6.35 
6.96 
5.85 
6.25 
6.40 
6.60 

7.80 
9.26 
9.25 
(r8.55 
9.16 
8.00 
8.05 
7.S> 
7.65 


6.30 
8.45 
8.00 
8.40 
8.50 
6.90 
6.30 
7.10 
6.90 
6.10 
6.10 
6.25 
6.10 

<6.90 
6.50 
7.10 
8.50 
8.00 

/8.00 
7.00 
4.00 

e6.00 
4.20 


^6.00 
9.15 
7.85 
6.65 
6.75 
6.00 
5.60 
6.45 
5.30 
6.05 
5.00 
4.95 
5.05 
5.80 
6.30 
5.65 
5.65 
6.35 
6.60 
6.80 
7.65 
7.50 

7.a5 

6.60 
6.10 


6.15 
0.76 
6.60 
6.70 
6.45 
6.10 
6.10 
6.00 
6.15 
6.50 
6.45 
6.40 
6.30 
6.15 
5.85 
5.90 
5.55 
5.60 
5.50 
5.45 
5.50 
5.40 
5.30 
5. 15 
5.05 
6.10 
5.20 
6.15 
6.40 
6.60 


6.00 
6.90 
5.60 
5.55 
5.25 
5.20 
5.05 
5.10 
4.65 
4.50 
4.55 
4.60 
4.50 
4.70 
4.70 
5.25 
5.00 
5.26 
5.26 
5.15 
6.15 
5.16 
4.95 
4.70 
4.90 
4.75 
5.75 
5.30 
5.10 
4.75 
4.90 


4.-85 
4.75 
4.65 
4.60 
4.55 
4.45 
4.20 
5.30 
6.56 
7.35 
7.05 
6.60 
6.15 
5.55 
5.10 
5.06 
4.85 
4.75 
4.70 
4.60 
4.25 
4.65 
4.50 
4.30 
4.00 
4.25 
4.15 
8.75 
4.15 
4.50 


I 


July. 

Aug. 
3.80 

5.40 

5.85 

3.80 

5.20 

3.85 

4.65 

4.00 

4.36 

4.00 

4.40 

3.85 

4.65 

3.85 

4.60 

3.70 

4.60 

3.40 

4.46 

3.85 

4.30 

3.90 

3.85 

5.30 

4.30 

4.85 

4.25 

3.90 

4.15 

3.90 

4.15 

4.30 

4.00 

4.10 

4.00 

4.00 

4.05 

3.80 

3.55 

4.05 

3.90 

4.40 

4.00 

4.50 

3.70 

4.25 

3.50 

4.20 

8.75 

4.10 

3.70 

3.80 

4.56 

8.80 

4.10 

3.80  j 

3.95 

3.35 

3.80 

3.45 

8.80 

8.50 

Sept 

Oct. 
4.45 

Nov. 

Dec. 

3.55 

4. 25 

4.25 

3.60 

4.50 

4.40 

4.25 

3.55 

4.30 

4.45 

4.15 

3.60 

4.00 

4.60 

4.05 

3.60 

4.20 

4.45 

4.00 

3.15 

4.25 

4.45 

3.85 

3.40 

4.20 

4.80 

4.00 

3.35 

4.10 

4.20 

4.05 

3.45 

4.15 

4.25 

3.95 

3.70 

4.05 

4.20 

3.90 

3.70 

3.75 

4.25 

3.85 

3.60 

4.15 

4.16 

4.06 

3.35 

4.25 

4.20 

4.00 

3.35 

4.26 

4.46 

3.90 

7.35 

4.00 

4.45 

3.95 

6.60 

4.15 

4.55 

4.15 

6.00 

4.20 

4.45 

4.20 

5.00 

4.05 

4.30 

d4.16 

4.65 

4.05 

4.30 

4.10 

4.55 

4.20 

4.25 

4.a5 

4.55 

5.10 

4.30 

4.20 

4.15 

6.10 

4.35 

4.25 

4.00 

5.85 

4.60 

4.05 

3.95 

5.06 

4.55 

4.20 

4.45 

5.40 

4.30 

4.80 

4.30 

5.25 

4.50 

4.30 

4.25 

4.85 

4.20 

4.25 

4.40 

4.80 

4.05 

4.70 

4.30 

4.70 

4.10 

4.50 

4.65 

4.60 

4.25 

4.30 

4.50 

d4.20 

dice  1  foot  thick. 

frice  went  out. 

c  Ice  l\  feet  thick. 

d  December  18-31  river  partly  frozen. 


Ice  10-12  inche8  at  grago. 


«Iee 
/  Ice 
iriee 


2\  feet  thick. 
3  feet  thick. 
2  feet  thick. 


150 


STREAM    MEASUREMENTS    IN    1904,   PART   I. 


[NO.  124. 


Rating  table  for  Ilotisalonic.  River  at  GaylordBiiUe,  Cbnn.,  from  October  ^3,  1900,  to 

December  SI,  1904^ 


Gage 
heigiit. 

DiHchargc. 
Steond-feet. 

Gage 
height. 

Dischaige. 
Second-feet. 

Gage 
height. 

Discharge. 
Second-feet. 

1 

Gage 
height. 

DL««eharK^- 

Feet. 

i      Fed. 

Feet. 

1      Feet. 

Second-fee  i. 

2.5 

120 

'       4.6 

1,506 

6.7 

5,448 

8.8 

10,980 

2.6 

157 

4.7 

1,642 

6.8 

5,692 

8.9 

11,250 

2.7 

193 

;       4.8 

1,778 

6.9 

5,936 

'      9.0 

11,  bSO 

2.8 

230 

4.9 

1,914 

7.0 

6,180 

1       9.1 

11,800 

2.9 

266 

5.0 

2,050 

7.1 

6,440 

9.2 

12,080 

3.0 

303 

5.1 

2,216 

7.2 

6,700 

9.3 

12,350 

3.1 

352 

5.2 

2,382 

7.3 

6,960 

9.4 

12,630 

3.2 

402 

5.3 

2,548 

7.4 

7,220 

9.5 

12,900 

3.3 

451 

5.4 

2,714 

7.5 

7,480 

9.6 

13,180 

3.4 

501 

1      5.5 

2,880 

7.6 

7,744 

9.7 

13,460     1 

3.6 

550 

1      5.6 

3,076 

7.7 

8,008 

1      9.8 

13,740 

3.6 

618 

5.7 

3,272 

7.8 

8,272 

-9.9 

14,020 

3.7 

686 

5.8 

3,468 

.  7.9 

8,536 

10.0 

14,300 

3.8 

754 

.      5.9 

1 

3,664 

8.0 

8,800 

10.1 

14,600 

3.9 

822 

1      6.0 

3,860 

8.1 

9,070 

10.2 

14,900 

4.0 

890 

6.1 

4,080 

8.2 

9,340 

10.3 

16,200 

4.1 

986 

6.2 

4,300 

8.3 

9,610 

10.4 

16,500 

4.2 

1,082 

6.3 

4,520 

8.4 

9,880 

10.5 

15,800 

4.3 

1,178 

6.4 

4,740 

8.5 

10,150 

4.4 

1,274 

6.5 

4,960 

8.6 

10,430 

■ 

4.5 

1, 370 

*      6.6 

5,204 

8.7 

1 

10,700 

The  above  table  is  applicable  only  for  oi^en-channel  conditions.  It  is  based  upon 
discharge  measurement  made  during  1900-1904.  It  is  fairly  well  defined  between 
gage  heights  3  feet  and  5  feet.    Above  5  feet  the  measurements  are  scattered. 
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yfean  daily  discharge,  in  feet,  of  Hausatonic  River  at  GaylordsviUe,  Conn.,  for  1904* 


1. 

2 

3. 
4. 

ti. 
6. 

s. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
IS. 
19. 
21). 
21. 
22. 


Day. 


Jan. 


Feb. 


Mar. 


11,940 
7,090 
5,330 
5,670 
3,860 
3,060 
2,800 
2,550 
2,130 
2,060 
1,960 
2,180 
2,550 
2,550 
3,170 
3,170 

•it ' '  4,630 

25 , 4,960 

2«; ! 5,690 

27 7,610 

2S 1 7,480 

29 1 

30 : 


Apr. 


6,310 
5,200 
31 4,060 


4,190 
5,570 
5,200 
5,450 
4,850 
4,080 
4,080 
8,860 
4,190 
4,960 
4,850 
4,740 
4,520 
4,190 
3,670 
3,660 
2,980 
8,080 
2,880 
2,800 
2,880 
2,710 
2,550 
2,300 
2,130 
2,220 
2,380 
4.190 
4,740 
5,200 


May. 


860 
660 
080 
980 
460 
880 
130 
220 
570 
370 
440 
510 
370 
640 
640 
460 
060 
460 
460 
800 
300 
300 
980 
640 
910 
710 
370 
5.% 
220 
710 
910 


June. 


860 
710 
570 
510 
440 
320 
060 
560 
080 
090 
810 
200 
190 
980 
220 
130 
850 
710 
640 
510 
130 
570 
370 
180 
890 
130 
030 
7-20 
030 
370 


July. 


Aug. 


2,710 

8,670 

2,380 

1,570 

1,230 

1.270 

1,440 

1,510 

1,370 

1,320 

1,180 

790 

1,180 

1,180 

1,030 

1,080 

890 

890 

938 

584 

822 

890 

686 

560 

720 

686 

1,440 

986 

856 

754 

754 


764 

754 

788 

890 

890 

788 

788 

686 

601 

788 

822 

2,550 

1,850 

822 

822 

1,080 

986 

890 

754 

938 

1,270 

1,870 

1,130 

1,080 

986 

7M 

754 

754 

476 

625 

550 


Sept. 


584 

618 

684 

618 

618 

877 

501 

476 

525 

686 

686 

618 

476 

476 

7,090 

5,200 

3,860 

2,050 

1,570 

1,440 

1,440 

1,030 

890 

856 

1,320 

I  1,180 

:  1,130 

1,270 

1,180 

1,570 


Ck't. 

1,320 
1,370 
1,180 

890 
1,060 
1,130 
1,080 

986 
1,030 

938 

720 
1,080 
1,130 
1,130 

890 
1,030 
1,080 

938 

938 
1,080 
2,220 
4,080 
3,570 
2,130 
2,710 
2,460 
1,850 
1,780 
1.640 
1,510 
1,370 


1,130 
1,270 
1,320 
1,370 
1,320 
1,320 
1,180 
1,080 
1,180 
1,060 
1,130 
1,030 
1,080 
1,820 
1,320 
1,440 
1,320 
1,180 
1,180 
1,130 
1,180 
1,230 
1,510 
1,440 
1,180 
1,370 
1,080 
938 
986 
1,130 


Dec. 


1,180 
1,130 
1,030 
938 
890 
788 
890 
938 
856 
822 
788 
938 
890 
822 
856 
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Estimated  montfUy  discharge  of  Housaionic  Rirer  at  Gaylordsville,  Conn.  ^  for  1904- 

[Drainage  area,  1,020  square  milefl.] 


Month. 


March  H-,S1... 

April 

May 

June 

July 

August 

September 

OctolxT 

November 

Decern  l)t*r  1-15 


Maxfmiim. 


11,940 
6, 570 
3,860 
7,090 
3, 570 
2, 550 
7,090 
4,080 
1,510 
1,130 


'6  In  second-feet. 

Minimum. 

Mean. 

1,980 

4,496 

2,130 

3,833 

1,370 

2,214 

720 

2,212 

550 

1,199 

476 

929 

377 

1,364 

720 

1,493 

938 

1,212 

788 

914 

Run-off. 


Second-feet 

per  square 

mile. 


4.41 
3.76 
2.17 
2.17 
1.18 
0.911 
1.34 
1.46 
1.19 
.896 


Depth  in 
inches 


3.94 
4.20 
2.50 
2.42 
1.36 
1.05 
1.50 
1.68 
1.33 
.500 


INDEX. 


Ammonoosnc  River  at—  Pmcc 
Bretton  Woods,  N.  H.: 

descTiption 128-129 

discharge 129 

discharge,  monthly 131 

gage  heights 130 

rating  table 130 

Androscoggin  River  at  and  near— 
Dixfleld,  Me.: 

description 78-79 

discharge 79 

gage  heights 79 

Errol  daxh.  New  Hampshire: 

description 75-76 

Gorham,  N.  H.: 

description 76 

Rumford  Falls,  Me.: 

description 78 

8helbume,  N.  H.i 

description 76 

discharge 77 

gage  heigh  ts 77 

Androscoggin  River  drainage  basin: 

description 74-76 

Aroostook  River  at—    • 
Fort  Fairfield,  Me.: 

description 23-24 

discharge 24 

discharge,  monthly 26 

gage  heights 24-25 

rating  table 26 

Ashuelot  River  at— 
Winchester,  N.  H.: 

description 138 

dischaiige 139 

gage  heights 139 

Baring,  Me. 

St  Croix  River  near: 

description 27-28 

discharge . . .'. 28 

discharge,  monthly 80 

gage  heights 29 

rating  table 30 

Blackstone  River  at— 
Woonsocket,  R.  I.: 

description 109-110 

discharge 110 

gage  heights .- 110-1 1 1 

BlaclLBtone  River  drainage  basin: 

description 109 

Bretton  Woods,  N.  H. 
Ammonoosnc  River  at: 

description * 128-129 

dischaige 129 


Bretton  Woods,  N.  H.— Continued.  Page. 
Ammonoosnc  River  at — Continued. 

discharge,  monthly 131 

gage  heights 130 

mtingtable 130 

Carrabassett  River  at— 
North  Anson,  Me.: 

description 67-68 

discharge 68 

discharge,  monthly 70 

gage  heights 69 

rating  table 70 

Center  Conway,  N.  H. 
Saco  River  near: 

description 82 

discharge 82 

discharge,  monthly 84 

gage  heighU) 83 

rating  table 84 

Clinton,  Ma.sR. 

Nashua  River  (South  Branch)  at: 

description 108 

rainfall 108 

yield 108-109 

Cobbosseecontee  River  at— 
Gardiner,  Me.: 

description 73-74 

discharge 74 

Cochituate,  Mass. 

I^ake  Cochituate  at: 

description 106 

rainfall 107 

yield 107 

Cold  Stream  at— 
Enfield,  Me.: 

description 50-51 

discharge 51 

gage  heights 51 

Connecticut  River  at  and  near- 
Hartford,  Conn.: 

description 121-122 

gage  heights 122 

Orford.N.H.: 

description 115 

discharge 116 

discharge,  monthly 119 

gage  heights 117 

rating  table 118-119 

Sunderland,  Mass.: 

description 120 

discharge 120 

gage  heights 121 

Connecticut  River  drainage  basin: 

description 113-115 

153 


154 


INDEX. 


Con toocook  River  at—  Page. 

West  Hopkinton.N.  H.: 

description , 101-102 

discharge 102 

discharge,  monthly 104 

gage  heights 103 

ratingtable ' 104 

Dead  River  near— 
The  Forks, Me.: 

description 66 

discharge 66 

gage  heights 67 

Dedhain,Me.: 

Phillips  Lake  in: 

desfsription^ 52-63 

gage  heights 64 

Deerlicld,  Ma^ss. 

Deerfield  River  at: 

description 140 

discharge 141 

gage  heights 141 

Deerfield  River  at^ 
Deerfield,  Mass.: 

description 140 

discharge 141 

gage  heights 141 

Dixfield,  Me. 

Androscoggin  River  near: 

description 78-79 

discharge 79 

gage  heights 79 

£ast  Holden,  Me. 

Phillips  Lake  near: 

description 62-6:^ 

gage  heights 54 

Phillips  Lake  (north  outlet)  at: 

description 52-,')3 

discharge 53 

East  Pembroke,  N.  H. 
Snncook  River  at: 

description 106 

Enfield,  Me. 

Cold  Stream  at: 

description 50-61 

discharge 61 

gage  heights 51 

Errol  diun,  New  Hampshire. 
Androscoggin  River  at: 

description 76-76 

Fish  River  at— 
Wallagriiss,  Me.: 

description 21-:*2 

discharge 2'. 

gage  heights 23 

Fort  Fairfield,  Me. 

Aroostook  River  at: 

description 23-24 

discharge 24 

discharge,  monthly 26 

gage  heights 24-25 

rating  table 26 

Foxcroft,  Me. 

Piscataquis  River  near: 

description 47-48 

discharge 48 

discharge,  monthly 5(» 

gage  heights 48-49 

rating  table 49 


Framingham,  Mass.  Page. 

Sudbury  River  at: 

-description ltd 

run-ofif 106 

Franklin  Junction,  N.  H. 
Merrimac  River  at: 

description Js6 

discharge 87 

discharge,  monthly .MS 

gage  heights 87 

rating  table ^ 

Gardiner,  Me. 

Cobbosseecontee  River  at: 

description 73-74 

discharge 74 

Garvins  Falls,  New  Hampshire. 
Merrimac  River  at: 

description 89 

Gaylordsville,  Conn. 
Housatonic  River  at: 

description 147 

dischatigc 1 48 

discharge,  mean  daily 151 

discharge,  monthly 1»V2 

gage  heights 149 

rating  table 150 

Gilbertville,  Mass. 
Ware  River  at: 

(description 143 

Gorham,  N.  H. 

Androscoggin  River  at: 

description 76 

Greenlake,  Me. 

Phillips  Lake  (southeast  outlet)  near: 

description 52-53 

discharge 54 

Grindstone,  Me. 

Penobscot  River  (East  Branch)  at: 

description 40-41 

discharge 41 

discharge,  monthly 43 

gage  heigh ta ? 42 

ratingtable 43 

Hartford,  Conn. 

Connecticut  River  at: 

description 121-122 

gage  heigh  ts 1 22 

Holden,  Me. 

Phillips  Lake  in: 

description 62-^53 

Housatonic  River  at— 
Gaylordsville,  Conn.: 

description 147 

« 

discharge 14S 

discharge,  mean  daily '. . . .  151 

discharge,  monthly 152 

gage  heights 149 

rating  table 150 

Housatonic  River  drainage  basin: 

description 1 37 

Israel  River  (above  South  Branch)  near — 
Jefferson  Highlands,  N.  H.: 

description li:? 

discharge. 1  .r-> 

discharge,  monthly 1  l'> 

gage  Iieighus I : i 

rating  table 121 
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TjiTHel  River  (below South  Branch)  near—  Page. 

JeffoTFion  Highlandff,  N.  H.: 

description 125-126 

discharge 126 

discharge,  monthly 128 

gage  heights 127 

rating  table 127 

Jefferson  Highlands,  N.  H. 

Israel  River  (above  South  Branch) 
near: 

description 123 

discharge 12S 

discharge,  monthly 125 

gage  heights 124 

rating  table 124 

Israel  River  (below  South  Branch) 
near: 

description 125-126 

discharge 126 

discharge,  monthly 128 

gage  heights 127 

rating  table .'.  127 

Kennebec  River  at — 

North  Anson,  Me.: 

description 50-60 

discharge 60 

discharge,  monthly 62 

gage  heights 61 

rating  table 62 

The  Forks,  Me.: 

description 56-57 

d  ischarge 57 

discharge,  monthly 59 

gage  heights 58 

rating  table 58 

Waterville,  Me.: 

description 62-63 

discharge 63 

Kennebec  River  drainage  basin: 

description 55-56 

Lake  Cochituate  at— 

Cochituate,  Mass.: 

description 105 

rainfall 107 

yield 107 

lAwrence,  Mass. 

Merrimac  River  at: 

description 89-00 

flow 90-98 

Uttle  River  near- 
Twin  MountaIn,N.H.: 

description 134-135 

diHcharge 135 

gage  heights 135 

Machias  River  near — 
Whitneyvllle,  Me. 

description 81 

discharge. .  - 82 

discharge,  monthly 33 

gage  heights 82 

ratingtable 38 

Machias  River  drainage  basin: 

description 81 

Madison,  Me. 

Sandy  River  near: 

description 71-72 


Mattawamkeag,  Me.  Page. 

Mattawamkeag  River  at: 

description 44 

discharge 45 

discharge,  monthly 47 

gage  heights 45-46 

rating  table 46 

Mattawamkeag  River  at— 

Mattawamkeag.  Me.: 

description 44 

discharge 45 

discharge,  monthly , . .  47 

gage  h  eigh  ts 45-46 

rating  table 46 

Merrimac  River  at— 

Franklin  Junction,  N.  H.: 

description 86 

discharge 87 

discharge,  monthly 88 

gage  heights 87 

ratingtable 88 

Oarvins  Falls,  New  Hampshire: 

description 89 

Lawrence,  Mass.: 

description 89-90 

flow 90-98 

Merrimac  River  drainage  basin: 

description 85-86 

Mcssalonskee  River  at— 

Waterville,  Me.: 

description 72 

discharge 73 

Milllnocket,  Me. 

Penobscot  River  at— 

description 86 

discharge 37 

Moose  River  near- 
Rock  wood.  Me.: 

description 64 

gage  heights CA 

Nashua  River  (South  Branch)  at— 

Clinton,  Mssn.: 

description 108 

rainfall 108 

yield 108-109 

North  Anson,  Me. 

Carrabasactt  River  at: 

description 67-68 

discharge 68 

discharge,  monthly ^       70 

gage  heights 69 

rating  table 70 

Kennebec  River  at: 

description 59-60 

discharge 60 

discharge,  monthly 62 

gage  heights 61 

rating  table 62 

Orford,  N.  H. 

Connecticut  River  near: 

description 115 

discharge 116 

discharge,  monthly 119 

gjige  heights 117 

ratingtable 118-119 
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Pemlgewasset  River  at—  Page. 

Plymouth,  N.  H.: 

deBCiipUon 9a-94 

discharge W 

discharge,  monthly 97-101 

gage  heights 95 

rating  table 96 

Penobscot  River  at — 
Millinocket,  Me.: 

description 86 

discharge 37 

West  Enfield,  Me.: 

description 37-38 

discharge 38 

discbarge,  monthly 40 

gage  heights 39 

rating  tabic 40 

Penobscot  River  (East  Branch)  at^- 
Orindstonc,  Me.: 

description 40-41 

discharge 41 

discharge,  monthly 43 

gage  heights 42 

rating  table 43 

Penobscot  River  drainage  basin: 

description 34-36 

Phillips  LAke  in— 

Holden  and  Dedham,  Me.: 

description 62-53 

gage  heights 54 

Phillips  Lake  (north  outlet)  at— 
East  Holden,  Me.: 

description 52-53 

discharge 53 

gage  heights 54 

Phillips  Lake  (southeast  outlet)  near- 
Green  lak«>,  Me.: 

description 52-53 

discharge.  ^ 54 

Piscataquis  River  near — 
Foxcroft,  Me.: 

description 47-48 

discharge 48 

discharge,  monthly 50 

gage  heights 48-49 

rating  table 49 

Plymouth,  N.  H. 

Pemigewasset  River  at: 

description 93-94 

discharge ^ 94 

discharge,  monthly 97-101 

gage  heights 95 

rating  table 96 

Presumpscot  River  at — 
Sebago  Lake,  Maine: 

description 80-81 

discharge 81 

Presumpscot  River  drainage  basin: 

description 80 

Quabog  River  at — 

West  Warren,  Mass.: 

description 144 

Roach  River,  Me. 
Roach  River  at: 

description 66 

gage  heights 66 


Roach  River  at— 
Roach  River,  Me.: 

description 65 

gage  heights 65 

Rock  wood.  Me. 

Moose  River  near: 

description 64 

gage  heights 64 

Rumford  Falls,  Me. 

Androscoggin  River  at: 

description : 7R 

Russell,  Mass. 

Westfield  River  at: 

description 145 

discharge 1 46 

gage  heights 146 

Saco  River  near- 
Center  Conway,  N.  H.: 

description 82 

discharge «2 

discharge,  monthly K4 

fi^ageheights S3 

rating  table M 

Saco  River  drainage  basin: 

description 81-^2 

St.  Croix  River  near- 
Baring,  Me.: 

description 27-25* 

discharge -  'iS 

discharge,  monthly 3D 

gage  heights 29 

rating  table 90 

St.  Croix  River  drainage  basin: 

description 26-27 

St.  John  River  drainage  basin: 

description 20-21 

Sandy  River  near — 
Madison,  Me.: 

description 71-T2 

Sebago  Lake,  Maine — 

Presumpscot  River  at  outlet  of: 

description f»-iH 

discharge J^l 

Sharon,  Vt. 

White  River  at: 

description 136 

discharge 136 

discharge,  monthly 13^ 

gage  heights 187 

ratingtable 1S7 

Shelburne,  N.  H. 

Androscoggin  River  at: 

description 76 

discliarge 77 

gage  heights 77 

Shetucket  River  near — 
Willimantic,  Conn.: 

description 1 12 

discharge 11-2 

gage  heights 113 

Sudbury  River  at— 
Framingham,  Mass.: 

description 106 

.  run-off 106 

Suncook  River  at — 

East  Pembroke,  N.  H.: 

description 105 
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Sunderland,  Maai.  Page. 

Connecticut  River  at: 

description 120 

discharge 120 

gage  heights 121 

Swift  River  at- 

West  Ware,  Ma».: 

description 144 

Thames  River  drainage  basin : 

description HI 

The  Forks,  Me. 

Dead  River  near: 

description 66 

discharge 66 

gage  heights 67 

Kennebec  River  at: 

description 66-57 

discharge 57 

discharge,  monthly 59 

gage  heights 58 

ratingtable 58 

Twin  Mountain,  N.  H. 

Little  River  near: 

description 134-135 

discharge 135 

gage  heights 135 

Zealand  River  near: 

description 181-132 

discharge 132 

discharge,  monthly 134 

gage  heights 188 

ratingtable 133 

Wallagraas,  Me. 

Fish  River  at: 

description 21-22 

discharge 22 

gage  heights 23 

Ware,  Mass: 

Ware  River  near: 

description 142 

discharge 148 

gage  heights 143 

Ware  River  at  and  near— 

Gilbertville,  Mass.: 

description 143 

Ware,  Mass.: 

description 142 

discharge 143 

gage  heights 148 

Watervllle,  Me. 

Kennebec  River  at: 

description 62-63 

discharge 63 

Messalonskee  River  at: 

description 72 

discharge 73 

West  Enfield.  Me. 

Penobscot  River  at: 

description 37-38 


West  En  field,  Me.— Continued.  Page. 

Penobscot  River  at— Continued. 

discharge 38 

discharge,  monthly 40 

gage  heights 39 

rating  table 40 

West  Hopkinton,  N.H. 
Contoocook  River  at: 

description 101-102 

discharge 102 

discharge,  monthly 104 

gage  heights 103 

ratingtable 104 

West  Ware,  Mass. 
Swift  River  at: 

description 144 

West  Warren,  Mass. 
Quabog  River  at: 

description 144 

Westfleld  River  at^ 
Russell,  Mass.: 

description 145 

dl8(>harge 146 

gage  heights 146 

White  River  at— 
Sharon,  Vt.: 

description 186 

discharge 136 

discharge,  monthly 138 

gage  heights 137 

ratingtable 137 

Whitneyville,  Me. 

Machias  River  near: 

description 81 

discharge * 82 

discharge,  monthly 88 

gagcheights 82 

rating  table 88 

Wlllimantic,  Conn. 

Shetucket  River  near: 

description 112 

discharge 112 

gage  heights 118 

Winchester,  N.  H. 
Ashuelot  River  at: 

description  ^ 188 

discharge 139 

gage  heights 189 

Woonsocket,  R.  I. 

Blackstone  River  at: 

description 109-110 

discharge 110 

gage  heigh  ts 110-111 

Zciiland  River  near- 
Twin  Mountain,  N.  H.: 

description 131-182 

discharge j 132 

discharge,  monthly ^ 134 

gagcheights 183 

ratingtable 133 
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PUBLICATIONS  OP  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  124.] 

The  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Rei)ort8;  (2)  Monographs;  (3)  Professional  Papers;  (4)  Bulletins;  (5)  Mineral 
Res^ources;  (6)  Water-Supply  and  Irrigation  Paperts;  (7)  Topographic  Atlas  of 
United  States,  folios  and  separate  sheets  thereof;  (8)  Geologic  Atlas  of  United 
States,  folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following 
ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
map  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  Every  member  of  Congress  is  allotted  a  certain  number,  from  whom  they  may 
be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  princii>al  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be 
consulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physios;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I.  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 

SrHea  P. — The  hydrographic  progreRS  reports  contain  the  results  of  stream  measurements.  A 
report  is  issued  for  every  calendar  year,  containing  the  results  of  data  collected  during  that  year. 
These  reports  were  first  published  as  a  part  of  the  Director's  annual  report  or  as  a  bulletin;  they  are 
now  published  as  water-supply  and  irrigation  papers.  The  following  is  a  list,  by  years,  of  the  publi- 
cations containing  the  progress  reports  of  stream  measurements.  A  detailed  index  of  these  reports  is 
published  as  Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Report,  Part  n. 
1896.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV, 

1897.  Water-Supply  Papers  Nos.  15  and  16;  Nineteenth  Annual  Report.  Part  IV. 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-Supply  Papers  Nos.  35, 36,  sV,  38,  and  89;  Twenty-first  Annual  Report,  Part  IV. 

1900.  Water-supply  Papers  Nos.  47, 48, 49, 50, 51,  and  52;  Twenty-second  Annual  Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  75. 
West  of  Mississippi  River,  Water-Supply  Papers  Nop.  66  and  75. 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  MisBisBippi  River,  Water-Supply  Papers  Nos.  84  and  85. 

Z 


II  ADVERTISEMENT. 

1903.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  97  and  98. 
West  of  Mississippi  River,  Water- Supply  Papers  Nos.  99  and  100. 

1904.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  124, 125, 126, 127, 128,  and  129. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  130, 181, 132, 133, 134,  and  185. 

The  Geologrical  Survey  and  the  Reclamation  Service  have  suboffices  in  different  parts  of  the  United 
States,  from  which  hydrofirraphic  and  reclamation  work  in  the  respective  localities  is  carried  on,  and 
where  data  may  be  obtained  on  application.    These  offices  are  located  as  follows: 

Boston,  Maas.,  6  Beacon  street;  Utica,  N.  Y.,  75  Arcade;  Atlanta,  Ga.,  409  Temple  court;  Austin, 
Tex.,  University  of  Texas;  Chicago,  111.,  Federal  Building;  Belle  Fourche,  8.  Dak.;  Cody,  Wyo.; 
Denver,  Colo.,  Chamber  of  Commerce  Building;  Salt  Lake,  Utah;  Los  Angeles,  Cal.,  1106  Braly  Build- 
ing; San  Francisco,  Cal.,  422  Merchants'  Exchange  Building;  Phoenix,  Ariz.;  Carlsbad,  N.  Mex.;  £1 
Paso,  Tex.;  Billings,  Mont.;  Great  Falls,  Mont.;  Hazen,  Nev.;  Boise,  Idaho;  Spokane,  Wash.,  424 
Peyton  Block:  Pendleton,  Oreg. 

Correspondence  should  be  addressed  to 

The  Dirbctor, 

United  States  Geological  Survey, 

Washington,  D.  C. 
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[Mount  each  slip  upon  a  separate  card,  placing  the  subject  at  the  top  of  the 
second  slip.  The  name  of  the  series  shouhl  not  be  repeated  on  the  series 
card,  but  the  additional  numl)er8  should  be  added,  as  received,  to  the  first 
entry.] 

U.  S.     Geological  survey. 

.  .  .  Report  of  progress  of  stream  measurements  for 
the  calendar  year  1904.     Prepared  under  the  direction 
of  F.  H.  Newell  by  H.  K.  Barrows  and  John  C.  Hoyt. 
'^    Pt.  I. — Atlantic  Coast  of  New  England  drainage.    Wash- 
ington, Gov't  print,  off.,  1905. 

157,  iii  p.  illus.  II  pi.  (incl.  map)  23®"".  (U.  S.  Geological  survey. 
Water-supply  and  irrigation  paper  no.  124.) 

Subject  series:  P,  Hydrographic  progress  reports,  29. 

1.  Stream  measurements.  2.  Rivers— U.  S.  I.  Barrown,  Harold  K.  II. 
Hoyt,  John  Clayton,  1871-. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrocjraphic  Branch, 
Washington^  D,  C. ,  J/T/y  4i  1905. 

Sir:  I  transmit  herewith  the  manuscript  of  Part  II  of  a  series  of 
twelve  papers  which  compose  the  Report  of  Progress  of  Stream  Meas- 
urements for  the  Calendar  Year  1904.  Parts  I  to  VI  of  this  report 
contain  the  results  of  the  data  collected  in  the  territory  east  of  Missis- 
sippi River.  Parts  VII  to  XII  are  devoted  to  the  data  collected  in  the 
territory  west  of  Mississippi  River. 

The  larger  part  of  the  original  data  for  this  report  was  collected 
under  the  direction  of  district  hydrographers  R.  E.  Horton  and  N.  C. 
Grover.  Mr.  Horton  had  charge  of  the  work  in  New  York,  and  was 
assisted  by  C.  C.  Covert  and  H.  R.  Beebe.  The  computations  for  that 
portion  of  the  report  were  made  under  the  direction  of  Mr.  Horton. 
Mr.  Grover  had  charge  of  the  work  in  New  Jersey,  and  was  assisted 
by  F.  H.  Tillinghast  and  Frank  H.  Brundage.  A  limited  amount  of 
the  data  was  collected  by  other  parties,  as  shown  in  the  list  of  acknowl- 
edgments. The  assembling  of  the  data  and  its  preparation  for  pub- 
lication were  done  under  the  direction  of  J.  C.  Hoyt,  who  has  been 
assisted  by  R.  H.  Bolster,  Robert  Follansbee,  W.  E.  Hall,  F.  H.  Tilling- 
hast, H.  D.  Padgett,  and  A.  H.  Horton. 

I  request  that  this  manuscript  be  published  as  one  of  the  series  of 

Water-Supply  and  Irrigation  Papers. 

Very  respectfully,  * 

F.  H.  Newell, 

Chief  Engmee7\ 
Hon.  Charles  D.  Walcott, 

Director  United  States  (feohH/ieal  Survey. 
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PROGRESS   REPORT   OF  STREAM   MEASUREMENTS 

FOR  THE  CALENDAR  YEAR  1904. 

i^^Ra^  II. 


By  R.  E.  HoRTON,  N.  C.  Grover,  and  J.  C,  Hoyt. 


INTRODUCTION. 

The  hydrographic  work  of  the  United  States  Geological  Survey 
includes  the  collection  of  facts  concerning  and  the  study  of  conditions 
aflfecting  the  behavior  of  water  from  the  time  it  reaches  the  earth  as 
rain  or  snow  until  it  joins  the  oceans  or  great  navngable  rivers.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in 
the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo, 
N.  Mex.  Since  that  date  the  work  has  been  continually  and  gradually 
extended  as  larger  funds  became  available.  The  first  distinctive 
appropriation  for  gaging  streams  was  made  by  the  act  of  August  18, 
1894,  which  contained  an  item  of  $12,500,  ''for  gaging  the  streams 
and  determining  the  water  supply  of  the  United  States,  including  the 
investigation  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections."     (Digest  of  Appropriations  for  1895,  p.  270.) 

Since  that  time  a  similar  act  has  been  passed  each  year  and  the 
appropriations  have  gradually  increased,  as  shown  in  the  following 
table: 

Annual  appropriations  for  hydrographic  surveys. 


Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 


1895 $12,500 

1896 25,000 

1897 50,000 

1898 50,000 

1899 50,000 

1900 50,000 

1901  100,000 

1902 100,000 

1903 200,000 

1904 200,000 

1905 200,000 

1906 200,000 
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The  chief  feature  of  the  work  of  the  h3"drographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  waters  and  the  conditions 
affecting  the  same.  In  this  connection  other  information  that  may  be 
of  use  to  the  engineer  or  others  in  hydrogi-aphic  studie«s,  such  as  river 
profiles,  duration  and  extent  of  damage  In'  floods,  water-|K)wer  data, 
etc.,  is  collected.  Furthermore,  the  work  has  been  so  directed  that 
the  information  collected  will  be  of  direct  value  in  the  commercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  Jmie  30,  1902,  the 
work  has  been  largely  extended  and  thoroughly  systemized.  The 
various  States  have  been  grouped  into  districts,  each  of  which  is  under 
the  supervision  of  a  district  hydrographer  who,  with  a  corps  of  assist- 
ants, devotes  his  whole  time  to  the  study  of  the  hydrographic  resources 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  prepa- 
ration for  publication  are  given  in  detail  in  Water-Supply  Paper  No. 
94.     (Hydrographic  Manual,  U.  S.  Geol.  Survey.)    ' 

The  general  plan  of  stream  gaging  which  has  been  developed  is  to 
obtain  eventually  data  in  regard  to  the  flow  of  all  the  important  streams 
in  the  United  States.  With  this  in  view  gaging  stations  are  estab- 
lished at  points  where  the  data  will  be  of  greatest  commercial  value. 
At  these  stations  discharge  measurements  are  taken  from  time  to  time 
as  typical  river  stages,  and  the  daily  surface  fluctuation  is  obtained  hv 
means  of  gage  readings.  From  these  two  factors  it  is  possible  to  esti- 
mate both  the  total  flow  and  its  distribution  through  the  period  of 
observation. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largely  upon  the  needs  of  each  Io«il- 
ity.  If  the  stream  is  to  be  used  for  water  power,  special  effort*  are 
made  to  obtain  information  concerning  the  low-water  flow.  If  water 
is  to  be  stored,  the  high  waters  are  giv^en  special  attention.  In  all 
sections  certain  permanent  stations  are  maintained  for  general  statis- 
tical purposes  to  show  the  conditions  which  exist  through  long  periods. 
They  also  act  as  primary  stations,  and  are  used  in  connection  with 
short  series  of  measurements  to  determine  the  flow  in  particular  por- 
tions of  the  drainage  basin. 

Gaging  stations  are  divided  into  two  genei-al  classes:  First,  current- 
meter  stations,  and,  second,  weir  stations.  The  former  class  is  sub- 
divided as  to  location  into  bridge,  cable,  boat,  and  wading  stations. 
Fig.  1  shows  a  cable  station  with  car,  tag  line,  inclined  gage,  etc.  In 
addition  to  the  bridge,  cable,  or  t)oat,  the  equipment  of  a  current- 
meter  gaging  station  consists  in  a  gage  for  determining  the  daily 
fluctuations  of  the  water  surface,  bench  marks  to  which  the  zero  of 
the  gage  is  referred,  and  permanent  marks  on  the  bridge  or  a  tagged 
line  indicating  the  points   of   measurement.     Where  the  current  is 
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swift  some  appliance,  genei-ally  a  isecondai y  ctiblr,  in  necessary  to  hold 
tbe  meter  below  the  surface. 

Gaging  stations  aie  ^nei-ally  located  at  bridges,  if  tlie  channel  con- 
ditions are  satisfactory,  as  from  them  the  meter  can  be  easily  manipu- 
lated, and  the  cost  of  the  equipment  is  comparatively  small.  The 
stations  are  located  as  far  as  possible  at  points  where  the  channel  is 
straight,  both  above  and  below  the  gaging  section,  and  where  there 
are  no  cross  currents,  backwater,  or  boils.  The  bed  of  the  stream 
should  be  as  clear  as  possible  from  large  projections  and  of  a  perma- 
nent character.  Thr  banks  should  lie  high,  and  should  overflow  at 
high  st4iges  only.  At  stations  with  shifting  beds  more  measurements 
are  made,  and  special  methods  of  computing  daily  discharges  are 
employed.  Great  care  is  taken  in  the  selection  and  equipment  of 
gaging  stations  in  order  that  the  data  may  have  the  required  d^^^ee 
of  acciiracv. 


Oh  many  of  the  larger  rivers,  where  water  power  is  developed  by 
dams,  estimates  of  flow  are  obtained  by  observing  the  head  on  the 
crest  and  using  a  weir  formula.  On  the  smaller  streams  sharp-crested 
weirs  are  in  some  cases  erected. 

The  principal  instrument  used  in  stream-measurement  work  is  the 
current  meter,  by  which  the  velocity  of  the  flow  of  water  is  deter- 
mined. After  years  of  experience  the  Survey  has  adopted  the  Price 
current  meter  for  general  work.  This  meter,  as  is  shown  on  PI.  II, 
lA  made  in  two  sizes,  known  as  the  large  and  small  Price.  The  small 
Price  has  been  largely  developed  by  the  officers  of  the  Survey,  using 
the  Price  acoustic  meter  as  a  basis. 

A  discharge  measurement  is  the  determination  of  the  quantity  of 
water  flowing  past  a  certain  point  at  a  given  time.  This  quantity  is 
the  product  of  two  factors:  (1)  The  mean  velocity,  which  is  the  func- 
tion of  the  cross  section,  surface  slope,  wetted  perimeter,  and  rough- 
ness of  bed;  (2)  the  area,  which  depends  upon  the  permanency  of  the 
bed  and  the  fluctuations  of  the  surface,  which  govern  the  depth. 
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In  making  the  measurement  an  arbitrary  number  of  points  are  laid 
ofiE  perpendicular  to  the  thread  of  the  stream  (see  tig.  1).  These  pointe? 
are  usually  at  regular  intervals  varying  from  2  to  20  feet,  depending 
upon  the  size  and  conditions  of  the  stream.  Thoy  are  known  ai>  meas- 
uring points,  and  at  them  the  observed  data,  the  velocities  and  sound- 
ings, are  taken.  The  perpendiculars  dropped  from  the  measuring 
points  divide  the  gaging  section  into  strips,  and  for  each  strip  or  pair 
of  strips  the  mean  velocity,  area,  and  discharge  are  determined  inde- 
pendently; thus  conditions  existing  in  one  part  of  the  stream  are  not 
distributed  to  parts  where  they  do  not  apply. 

The  methods  of  obtaining  velocity  with  the  current  meters  which 
are  in  general  use  may  be  grouped  into  three  classes:  Single  point, 
multiple  point,  and  integration. 

The  single-point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity,  or  at  an  arbitrary  depth  for 
which  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. Extensive  experiments  by  vertical  velocity -curves  show  that 
the  thread  of  mean  velocity  lies  at  from  0.5  to  0.7  of  the  total  depth. 
In  general  practice  the  thread  of  mean  velocity  is  considered  to  be  at 
0.6  depth,  and  it  is  at  this  depth  that  the  meter  is  held  in  the  majority 
of  the  measurements,  this  being  known  as  the  six-tenth  depth  method. 
It  is  found  by  a  large  number  of  vertical  velocity -curve  measui*ement>, 
taken  on  various  streams  and  under  various  conditions,  that  the  coeffi- 
cient for  reducing  the  velocity  obtained  at  six-tenths  depth  to  mean 
velocity  is  practically  unity,  ranging,  in  a  series  of  910  measurements 
made  at  39  gaging  stations,  between  0.94  and  1.04,  with  a  mean  for 
the  910  observations  of  1.00.  In  the  other  principal  single-point 
method  the  meter  is  held  near  the  surface,  usually  1  foot  below,  or  low 
enough  to  be  out  of  the  action  of  the  wind  or  other  disturbing  influ- 
ences. This  is  known  as  the  subsurface  method.  The  coefficient  for 
reducing  the  velocities  taken  at  the  subsurface  has  been  found  by 
repeated  experiments  with  vertical  velocity-curves  to  be  from  0.85  to 
0.95,  depending  upon  the  depth  of  the  stream  and  velocity  and  channel 
conditions.  This  method  is  specially  adapted  for  flood  measurements, 
or  when  the  velocity  is  so  great  that  the  meter  can  not  be  kept  at  0.6 
depth. 

The  three  principal  multiple-point  methods  in  general  use  are:  The 
vertical  velocity -curve;  top  and  bottom;  and  top,  bottom,  and  mid 
depth.  In  the  vertical  velocity-curve  method  a  series  of  velocity 
determinations  are  taken  in  the  vertical  at  regular  intervals,  usually 
from  0.5  to  1  foot  apart.  By  plotting  these  velocities  as  abscissas  and 
their  depths  as  ordinates,  and  drawing  a  smooth  curve  through  these 
points,  the  vertical  velocity-curve  is  produced,  which  shows  the 
change  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The 
mean  velocity  in  the  vertical  is  then  obtained  by  dividing  the  depth 
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into  the  area  bounded  by  this  mean  velocity  curve  and  the  initial  line. 
Owing  to  the  length  of  time  it  takes  to  make  these  measurements  they 
are  seldom  used  except  for  determining  coefScients  for  purposes  of 
comparison  and  for  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  from  0.5  to  1 
foot  below  the  surface  and  about  0.5  foot  above  the  bottom,  and  the 
mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  This  method  is  not  well  adapted  for  general  work, 
as  the  roughness  of  the  bottom  disturbs  the  velocity  at  that  point. 
For  shallow  streams  with  comparatively  smooth  beds  good  results  are 
obtained  by  this  method.  In  the  third  multiple-point  method  the 
meter  is  held  at  mid  depth,  0.5  foot  below  the  surface  and  0.5  foot 
above  the  bottom,  and  the  mean  velocity  is  determined  by  dividing  the 
sum  of  the  top  velocity,  twice  the  mid-depth  velocity,  and  the  bottom 
velocity  by  4. 

The  vertical  integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  surface.  The  number  of  revolutions  and  the  time  taken  in  the 
operation  is  noted,  and  the  mean  velocity  is  found  by  dividing  the 
number  of  revolutions  bv  the  number  of  seconds  taken  in  the  run. 
This  method  has  the  advantage  in  that  the  velocity  at  each  point  of 
the  vertical  is  measured  twice.  It  is  well  adapted  for  measurements 
under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  for  determining  the  discharge  of 
the  stream,  depends  upon  the  stage  of  the  river,  which  is  taken  on  a 
gage,  and  the  general  contour  of  the  bed  of  the  stream,  which  is  found 
by  sounding.  The  soundings  are  usually  taken  at  each  measuring 
point  at  the  time  of  the  discharge  measurement,  either  by  using  the 
meter  and  cable  or  by  a  special  sounding  line  or  rod.  For  stations 
with  permanent  beds  standard  cross  sections  are  usually  taken  during 
low  water.  These  sections  serve  to  check  the  soundings  which  are  taken 
at  the  time  of  the  measurements,  and  from  them  any  change  which 
may  have  taken  place  in  the  bed  of  the  stream  can  be  detected.  They 
are  also  used  for  obtaining  the  area  for  use  in  high-water  measurement 
computations,  as  accurate  soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  veloci- 
ties and  depths  at  the  various  points  of  measurements  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  fig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for  either 
a  single  or  double  strip.  The  total  discharge  and  area  are  the  sums 
of  those  for  the  various  strips,  and  the  mean  velocity  is  obtained  by 
dividing  the  total  discharge  by  the  total  area. 

The  volume  of  water  flowing  in  a  stream  is  known  as  run-off.  In 
expressing  it  various  units  are  used,  depending  upon  the  kind  of  work 
for  which  the  data  are  needed.     Those. used  in  this  report  are  "  second- 
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feet,"  ** acre-feet,"  "  run-off  per  square  mile,"  and  "run-off  in  depth 
in  inches,"  and  may  be  defined  as  follows: 

"Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  is 
the  body  of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a 
rate  of  1  foot  per  second. 

The  "  acre-foot"  is  the  unit  of  capacity  used  in  connection  with  stor- 
age for  irrigation  work,  and  is  equivalent  to  43,560  cubic  feet.  It  is 
the  quantity  required  to  cover  an  acre  to  a  depth  of  1  foot.  There  is 
a  convenient  relation  between  the  second-foot  and  the  acre-foot;  1 
second-foot  flowing  for  twenty -four  hoi^rs  will  deliver  86,400  cubic 
feet,  which  equals  1.9835  acre-feet,  or,  approximatel}^  2  acre-feet. 

The  expression  "second-feet  per  square  mile "  means  the  average 
number  of  cubic  feet  of  water  flowing  each  second  from  every  square 
mile  of  drainage  area  on  the  assumption  that  the  run-off  is  uniformly 
distributed. 

"  Depth  in  inches"  means  the  depth  of  water  in  inches  that  would 
have  covered  the  drainage  area,  uniformly  distributed,  if  all  the  water 
could  have  accumulated  on  the  surface.  This  quantity  is  used  for 
comparing  run-off  with  rainfall,  which  quantity  is  usually  given  in 
depth  in  inches. 

It  should  l)e  noticed  that  "acre-feet"  and  " depth  in  inches "  repre- 
sent the  actual  quantities  of  water  which  are  produced  during  the 
periods  in  question,  while  "second-feet,"  on  the  contrary,  is  merely 
a  rate  of  flow  per  second. 

The  base  data  for  computing  the  daily  discharge  of  a  stream  are  the 
daily  gage  heights  and  the  various  discharge  measurements,  of  which 
there  should  be  a  sufficient  number  to  cover  the  range  of  stage.  The 
fundamental  laws  upon  which  these  computations  are  based  are  the 
following: 

(1)  The  discharge  will  remain  constant  so  long  as  the  conditions  at 
or  near  the  gaging  station  remain  constant; 

(2)  Neglecting  the  change  of  slope  due  to  the  rise  and  fall  of  the 
stream,  the  discharge  will  be  the  same  whenever  the  stream  is  at  a 
given  stage;  and 

(3)  The  discharge  is  both  a  function  of,  and  increases  gradually  with, 
the  gage  heights.     (2  and  3  depend  on  1.) 

As  the  beds  of  many  streams  are  changeable,  the  problem  divides 
itself  into  two  classes:  (1)  Those  of  streams  with  permanent  or  prac- 
tically permanent  beds,  and  (2)  those  of  streams  with  changeable  beds. 
The  base  data  and  methods  of  obtaining  them  are  the  same  for  either 
class,  and  it  is  only  in  the  computation  of  the  mean  daily  flow  that 
different  methods  are  necessary. 

In  determining  the  daily  discharge  of  streams  with  permanent  beds, 
the  results  of  the  discharge  measurements  are  plotted  on  cross-section 
paper,  with  gage  heights  as  ordinates  and  discharges  as  abscissas. 
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Through  these  points  a  smooth  curve  is  drawn,  which  shows  the  dis- 
charge for  any  gage  height,  and  from  which  a  rating  table  is  prepared. 
The  mean  velocity  and  area  determined  for  each  discharge  measure- 
ment are  also  plotted..  Through  these  points  the  curves  of  mean 
velocity  and  of  area  are  drawn,  and  the  rating  cui*ve  is  largely 
determined  by  taking  the  product  of  the  mean  velocity  and  the  area 
at  various  stages  as  determined  by  these  curves.  These  curves  of 
mean  velocity  and  area  are  of  special  value  in  determining  the  location 
of  the  rating  curve  for  stages  at  which  actual  discharge  measurements 
are  not  available  and  for  extending  the  discharge  cui've  outside  the 
limits  of  the  measurements.  In  the  preparation  of  the  rating  table  the 
discharge  for  each  tenth  or  half -tenth  on  the  gage  is  found  from  the 
curve.  The  first  and  second  differences  of  these  discharges  are  then 
taken  and  adjusted  according  to  the  law  that  thej'  shall  either  be  con- 
stant or  increasing,  never  decreasing.  The  discharges  in  the  table 
arc  then'  changed  in  accordance  with  these  adjusted  differences.  In 
making  up  the  station  rating  curve  the  individual  discharge  meas- 
urements and  the  conditions  under  which  they  were  taken  are  carefully 
studied,  in  order  that  proper  weight  shall  be  given  to  each  measure- 
ment. Rating  curves  in  general  take  the  form  of  a  parabola,  and  as  a 
rule  the  high-water  portion  of  the  curve  approaches  a  straight  line. 
For  stations  of  permanent  character  the  results  of  the  measurements 
from  year  to  year  should  be  within  5  per  cent  of  the  curve,  with  the 
exception  of  those  taken  during  high  water,  when  the  probable  error 
may  be  as  high  as  10  per  cent. 

The  determination  of  the  daily  discharge  of  streams  with  change- 
able beds  is  difficult,  and  unless  frequent  discharge  measurements 
are  made  the  results  obtained  are  only  roughly  approximate.  For 
streams  with  continually  shifting  beds,  such  as  Colorado  River  and  the 
Rio  Grande,  discharge  measurements  are  made  every  two  or  three 
days,  and  the  discharges  for  the  intervening  days  are  obtained  by 
interpolation,  modified  by  the  gage  heights  for  these  days.  For  sta- 
tions with  beds  which  shift  slowly,  or  are  only  materially  changed 
during  floods,  station  rating  curves  and  tables  can  be  prepared  for  the 
periods  between  changes,  and  satisfactory  results  can  be  obtained  with 
two  or  three  measurements  a  month,  providing  measurements  are 
taken  soon  after  the  changes  occur. 

In  determining  the  flow  for  periods  when  the  streams  are  frozen, 
special  rating  curves  and  tables  have  to  be  prepared  from  measure- 
ments taken  under  these  conditions.  The  methods  of  constructing 
these  curves  and  tables  are  the  same  as  for  open  sections.  The  dis- 
charge measurements,  however,  are  either  taken  by  integration  in 
verticals  or  by  the  vertical  velocity' -curve  method,  as  sufficient  experi- 
ments have  not  been  made  on  ice-covered  streams  to  determine  the 
laws  which  govern  the  position  of  the  thread  of  mean  velocity. 
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The  Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  1904,  of  which  this  is  Part  II,  is  published  in  a  series  of  twelve 
Water-Supply  Papers,  Nos.  124-135,  inclusive,  under  the  following 
subtitles: 

Part  1 .  Atlantic  coast  of  New  England  drainage. 

Part  2.  Hudson,  Passaic,  Raritan,  and  Delaware  River  drainages. 

Part  3.  Susquehanna,  Patapsco,  Potomac,  James,  Roanoke,  Cape  Fear,  and  Yadkin 
River  drainages. 

Part  4.  Santee,  Savannah,  Ogeechee,  Altamaha  rivers,  and  Eastern  Gulf  of  Mexico 
drainage. 

Part  5.  Eastern  Mississippi  River  drainage. 

Part  6,  Great  Lakes  and  St.  Lawrence  River  drainage. 

Part  7.  Hudson  Bay,  Minnesota,  Wapsipinicon,  Iowa,  Des  Moiiie.s  and  Missouri 
River  drainages. 

Part  8.  Platte,  Kansas,  Meramec,  Arkansas,  and  Red  River  drainages. 

Part  9.  Western  Gulf  of  Mexico  drainage. 

Part  10.  Colorado  River  and  Great  Basin  drainage. 

Part  11.  The  Great  Basin  and  Pacific  Ocean  drainage  in  California. 

Part  12.  Columbia  River  and  Puget  Sound  drainage. 

The  territory  covered  by  each  paper  is  given  in  the  subtitle,  and  the 
larger  drainages  are,  for  convenience  in  arrangement,  subdivided  into 
smaller  ones,  under  which  the  data  are  arranged,  as  far  as  practicable, 
geographically. 

These  papers  contain  the  data  that  have  been  collected  at  the  regular 
gaging  stations,  the  results  of  the  computations  based  upon  the  obser- 
vations, and  such  other  information  that  has  been  collected  that  has  a 
direct  bearing  on  these  data,  including,  as  far  as  practicable,  descrip- 
tions of  the  drainage  areas  and  the  streams  draining  them. 

For  each  regular  station  are  given,  as  far  as  available,  the  following 
data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

6.  Table  of  estimated  monthly  and  yearly  discharges  and  run-off. 

The  descriptions  of  stations  give,  as  far  as  possible,  such  general 
facts  about  the  locality  and  equipment  as  would  enable  the  i*eader  to 
tind  the  station  and  use  the  same.  They  also  give,  as  far  as  possible, 
a  complete  history  of  all  the  changes  that  have  occurred  since  the 
establishment  of  the  station  that  would  be  factors  in  using  the  data 
collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year.  This  includes  the  date,  the 
hydrographer's  name,  the  gage  height,  and  the  discharge  in  second- 
feet. 

The  table  of  daily  gage  heights  gives  for  each  day  the  mean  height 
of  the  surface  of  the  river  as  found  from  the  mean  of  the  gage  read- 
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ings  taken  on  that  day.  At  most  of  the  stations  the  gage  is  read  in 
the  morning  and  in  the  evening. 

The  rating  table  gives  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights. 

In  the  table  of  estimated  run-off  the  column  headed  ^'Maximum" 
gives  the  mean  flow  for  the  day  when  the  mean  gage  height  was  the 
highest,  and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean  gage 
height.  As  the  gage  height  is  the  mean  for  the  day,  there  might  have 
been  short  periods  when  the  water  was  higher  and  the  corresponding 
discharge  larger  than  given  in  this  column.  Likewise  in  the  column 
of  " Minimum"  the  quantity  given  is  the  mean  flow  for  the  day  when 
the  mean  gage  height  was  lowest.  The  column  headed  "Mean"  gives 
the  avei-age  flow  for  each  second  during  the  month.  Upon  this  mean 
the  computations  for  the  three  remaining  columns  which  are  defined 
on  page  14  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  gen- 
eral and  special  rules  have  been  used: 

FfindamerUal  rules  for  computation, 

1.  The  highest  degree  of  precision  consistent  with  the  rational  use  of  time  and 
money  is  imperative. 

2.  All  items  of  compatation  should,  in  general,  be  expressed  by  at  least  two  and 
by  not  more  than  four  significant  figures. 

3.  Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  discharge  curve  whose 
(>er  cent  of  error  is  5  times  the  average  per  cent  error  of  all  the  other  measurements 
should  be  rejected. 

4.  In  reducino;  the  number  of  significant  figures,  or  the  number  of  decimal  places, 
by  dropping  the  last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without 
changing  the  preceding  figure.     Example:  1,827.4  becomes  1,827. 

(b)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  5,  drop  it  and 
increase  the  preceding  figure  by  1.     Example:  1,827.6  becomes  1,828. 

(c)  When  the  figure  in  the  place  to  be  rejected  is  6,  and  it  is  preceded  by  an  even 
figure,  drop  the  5.     Example:  1,828.5  becomes  1,828. 

(d)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  odd 
figure,  drop  the  5  and  increase  the  preceding  figure  by  1.  Example:  1,827.5  becomes 
1,S28. 

5.  In  constructing  and  applying  rating  tables  a  maximum  limit  of  one-half  per  cent 
error  should  seldom  be  exceeded. 

Special  rules  for  compulation. 

1.  Rating  tables  are  to  be  constructed  as  close  as  the  data  upon  which  they  are' 
>«u*ed  will  warrant.  No  de<Mmals  are  to  be  used  when  the  discharge  is  over  50 
Hfcond-feet. 

2.  Daily  discharges  shall  be  applied  directly  to  the  gage  heights  as  they  are 
tabulate<l. 

3.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  when  the  quantities 
are  l>eIow  100  second-feet.  Between  100  and  10,000  second-feet,  the  last  figure  in  the 
monthly  mean  shall  be  a  significant  figure.     This  also  applies  to  the  yearly  mean. 

4.  Second-feet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall 
be  carried  out  at  least  to  three  significant  figures,  except  in  the  case  of  decimals, 
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where  the  first  significant  figure  is  preceded  by  one  or  more  naughts  (0) ,  when  ih*- 
quantity  shall  be  carried  out  to  two  significant  figures.  Example:  1.25;  .125;  .Oil*; 
.0012.  The  yearly  means  for  these  quantities  are  always  to  be  expresse*!  in  tlmv 
significant  figures  and  at  least  two  decimal  places. 

The  results  of  the  stream  measurements  made  during  previous  ^ear^ 
by  the  United  States  Geological  Survey  can  be  found  in  the  foUowinir 
Surve}'^  publications.  A  detailed  index  of  these  reports  (from  l8.sS- 
1903)  is  given  in  Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Report,  Part  II. 

1895.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Water-Supply  Papers  Nos.   15  and    16;    Nineteenth  Annual    Report, 

Part  IV. 

1898.  Water-Supply  Papers    Nos.   27   and    28;    Twentieth  Annual    Report, 

Part  IV. 

1899.  Water-Supply   Papers  Nos.  35  to  39,  inclusive;  Twenty -first   Annual 

Report,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty-second  Annu:i< 

Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  75. 
West  of  Mississippi  River,  Watei^Supply  Papers  Nos.  66  and  75. 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Noa.  82  and  83. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  84  and  85. 

1903.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  97  and  98. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  99  and  100. 

1904.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  124  to  129,  inclusive. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  130  to  135,  inclus^ivf. 

A  limited  number  of  these  are  for  free  distribution,  and  as  long  as 
the  supply  lasts  they  may  be  obtained  by  application  to  the  Director 
United  States  Geological  Survey  or  to  members  of  Congress.  Other 
copies  are  filed  with  the  Superintendent  of  Public  Documents,  Wash- 
ington, D.  C,  from  whom  they  may  be  had  at  prices  slightly  above 
cost.  Copies  of  Government  publications  are,  as  a  rule,  furnished  to 
the  public  libraries  in  our  large  cities,  where  they  may  be  consulted  bv 
those  interested. 

COOPERATION  AND  ACKNOWIiEDGMENTS, 

Most  of  the  measurements  presented  in  this  paper  have  been  obtained 
through  local  hydrographers.  Acknowledgment  is  extended  to  other 
persons  and  corporations  who  have  assisted  local  hydrographers  or 
have  cooperated  in  any  way,  either  by  furnishing  records  of  the  height 
of  water  or  by  assisting  in  transportation. 

The  following  list,  arranged  alphabetically  by  States,  gives  the  names 
of  the  resident  hydrographers  and  others  who  have  assisted  in  furnish- 
ing and  preparing  the  data  contained  in  this  rei)ort: 
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New  Jersey, — District  hydrographer,  E.  G.  Paul  durinii:  first  half  and  N.  C.  Grover  « 
during  the  last  half  of  the  year,  assisted  by  H.  D.  Comstock. 

New  York. — ^District  hydrographer,  R.  E.  Horton,  ^  assisted  by  C.  C.  Covert.  Rec- 
ords have  been  furnished  by  the  following:  E.  A.  Fisher,  city  engineer,  and  John  F. 
Skinner,  special  assistant  engineer,  Rochester,  N.  Y.;  T.  P.  Yates,  Waverly,  N.  Y.; 
William  8.  Bacot,  Utica,  N.  Y.;  International  Paper  CJompany,  Fort  Edward,  N.  Y.; 
Schroon  River  Pulp  and  Paper  Company,  Warrensburg,  N.  Y. ;  Duncan  Company, 
R.  P.  Bloss,  Mechanics vi lie,  N.  Y. ;  George  Beebe,  deputy  city  engineer,  Syracuse, 
N.  Y.  Special  acknowledgment  is  made  of  the  interest  and  assistance  of  Hon. 
Edward  A.  Bond,  State  engineer,  and  William  Pierson  Judson,  deputy  State  engineer. 

Pennsylvania, — District  hydrographer,  E.  G.  Paul  during  first  half  and  N.  C. 
Grover  during  the  last  half  of  the  year,  assisted  by  H.  D.  Comstock.  Special 
acknowledgment  is  due  to  Mr.  John  E.  Codman  for  the  records  of  flow  of  the  streams 
in  the  vicinity  of  Philadelphia. 

HUDSON  RIVER  BRATNAGB  BASIN. 

HUDSON   RIVER  AT  FORT  EDWARD,  N.  Y. 

This  station,  which  is  located  at  the  dam  of  the  International  Paper 
Company,  was  established  in  1896,  in  connection  with  the  upper  Hud- 
son storage  suiTeys/  The  dam  is  of  framed  timber  on  slate-rock 
foundation,  and  has  but  little  leakage.  The  crest  is  straight,  very 
nearly  level,  and  587.6  feet  in  length.  The  crest  gage  zero  stands 
at  the  level  of  the  lip  of  the  dam  proper.  Flashboards  are  usually 
maintained  on  the  dam  from  15  inches  to  18  inches  in  height.  A  rec- 
ord is  kept  of  the  height  of  flashboards,  and  of  the  times  of  their 
setting  and  removal. 

There  are  62  water  wheels  in  the  adjoining  mill.  These  are  nearly 
all  of  modern  types,  which  have  been  tested  at  the  Holyoke  flume.  A 
record  is  kept  of  the  daily  run  of  each  in  hours,  as  well  as  of  the  work- 
ing head,  which  is  usually  19  feet.  The  discharge  through  the  turbines 
is  taken  from  diagrams  expressing  the  flow  as  a  function  of  the  work- 
ing head  and  number  of  wheel-hours  run. 

In  the  winter  of  1896-97  a  flood  spillway  was  cut  around  the  south 
end  of  the  dam,  over  which  the  water  begins  to  flow  whenever  it 
reaches  the  level  of  the  crest  of  the  flashboards.  The  profile  of  the 
spillwa}'  is  very  irregular  and  causes  some  uncertainty  in  the  calcu- 
lated flow  during  times  of  high  water. 

Whenever  the  flashboards  are  off  from  the  main  dam  the  flow  is  com- 
puted by  means  of  coefficients  derived  from  the  United  States  Geolog- 
ical Survey  experiments  on  a  model  dam  of  similar  cross  section. 

With  the  flashboards  on,  the  flow  has  been  computed  by  the  Francis 
formula  for  the  thin-edged  weir.  Duiing  the  dry  season  but  little 
water  passes  over  the  dam,  the  entire  flow  being  employed  to  drive 
the  turbines. 


oThe  office  of  the  dintrict  hydrographer  for  New  Jersey  and  Pennsylvania  is  at  the  United  States 
Geological  Survey,  Washington,  D.  C. 
frTbe  office  of  the  district  hydrographer  for  New  York  is  75  Arcade,  Utica,  N.  Y. 
cSee  Report  of  State  Engineer  and  Surveyor  of  New  Yorlc,  1896,  p.  106. 
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A  new  and  accurate  profile  of  the  crest  of  the  dam,  obtained  in  1903, 
has  been  used  to  determine  the  discharge  for  1903  and  1904. 

During  the  navigation  season  water  is  diverted  from  Hudson  River 
at  Glens  Falls  feeder  dam,  7  miles  above  Fort  Edward,  for  the  supply 
of  Champlain  Canal. 

The  Champlain  Canal  feeder  was  measured  at  Glens  Falls  on  Augu^^t 
25,  1904,  giving  a  discharge  of  302  second-feet. 

The  drainage  area  tributary  to  the  Hudson  above  Fort  Edward  i> 
0.62  of  that  of  the  same  stream  above  Mechanicsville  gaging  station. 
The  principal  intervening  tributaries  are  Hoosic  River  and  Batten 
Kill,  having  drainage  areas  of  730  and  460  square  miles,  respectively.^ 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Mean  daily  discharge^  in  second-feet,  of  Hudson  River  at  Fort  Edwardy  N.  Y.^for  J9M 

and  1904. 


Day. 


Jan. 


1903. 

1 '    4,460 

2 4,260 


8. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


2,100 

b8,820 
4,960 
4,810 
4,460 
4,530 
4,170 
1,870 

b3,820 
3,620 
3,840 
8,860 
4,100 
4,260 
2.100 

6  2,460 
3,540 
3,380 
3,540 
4,130 
4,170 
2,100 

63,820 
4,360 
4,260 
4,100 
4,080 
4,360 
2,200 


Feb. 


66,800 
6,460 
5,980 
5,980 
6,840 
6,840 
4,300 

6  5,130 
5,980 
4,980 
4,810 
6,160 
6,160 
4,000 

66,330 
5,660 
5,260 
4,980 
4,710 
4,710 
2,550 
6,960 
5,710 
4,010 
4,010 
4,010 
2,010 

65,320 


Mar. 


Apr. 


69,500 

12,680 

10,800 

10,800 

9,560 

8,880 

8,040 

614,030 
17,680 
17,680 
17,520 
17,520 
17,520 
15,430 

617,360 
16.460 
14.380 
14,380 
15,540 
18,020 
17,380 

623,960 
27,710 

635,780 

634,890 
28,760 
22,060 
16,750 

618,060 

10,290 

9,910 


10,640 

10,640 

8,970 

6,840 

66,330 

11,840 

10,800 

10,040 

8,880 

8,880 

5,750 

66,800 

7,820 

7,210 

4,980 

5,260 

5,260 

6,840 

66,800 

5,260 

4,260 

4,210 

4,040 

4,040 

1,750 

62,840 

3,740 

3,740 

3,740 

3,740 


May. 


8,840 

1,640 

62,160 

4,250 

4,560 

4,420 

3,510 

4,560 

2,250 

61,980 

3,460 

2,950 

2,440 

2,440 

2,830 

1,660 

61,260 

2,670 

2,670 

3.830 

63,540 

2,920 

1,330 

6  990 

62,070 

61,010 

61,610 

61,430 

1,610 

1,220 

61,670 


June. 


2,380 
2,310 
2,610 
2,360 
2,350 
1,520 
6600 
2,920 
3,260 
3,260 
3,260 
3,880 
5,060 

6  6,  aw 

12,050 

7,380 

5,910 

9,490 

9,120 

3,710 

11,550 

16,640 

15,860 

14,680 

13,690 

13,080 

11,880 

10,940 

10.040 

7.S20 


July. 


Aug. 


6,460 
6,460 
6,160 

66,050j 

66,050^ 
5,410' 
4,550 
4,390 
4,220 
3,800 
2,010 

6  2.460| 
4,030 
4,200 
4,200 
4,310 
4.200 
2.130 

62,460 
3,690 
3,690 
4,310 
5,980 
6,460 
4,170 

66,050 
6,460; 
4,710 
4,030' 
4,030 
4,030 


Sept. 


2,070  5,990 
63,820  5,810 
4,800  6,240 
4,800  4,540 
5,060  1,430 
5,810  62.840 
6,990  63,420 
4,090  3,580 
66,180  3,720 
5,810  3,720 
5,990  8,720 
6,290  2,050 
7,250  62,460 


Oct     Nov.  ,   J>ec. 


7,040 
4,090| 
66,060| 
4,290| 
3,540 
8,360 


8,2S0 
2,780 
2,390 
2,700 
3,080 
1,740 
6  780  62,460 
6360     3,030 


1,640 
63,820 
4.640 
4,390 
4,840 


2,890 
2,390 
2,640 
2.  wo' 
1,540 


2,940 
2,940 
1,660 
1,370 


64,430  ft2,>40 


5.140 
4.590 
4.860 


2,940     4,860 


3,440 
3,810 
4,060 
4,440 


4,860 

2,870 

62,  «0 

4,440' 


16,600j    4,800 

616,340]    4,900 

13.500     4,300 


4,oJ0 

4.tC0 

2,2UU 

a  710 

2,990 

3,6a' 

S.  7.5iC» 
l,»tO 


10,800     4.300  b2,4trf* 


10,800     2,460 
8.42o!62,460 


4,840  62,460 
4.840  2.890' 
2,770  2,640 
6  5.130  2,390 
5.740 


7,200 
8,880 
8,120 
11,320 
10,320 
10,320 
8,880 
8,880 
5,520 
4,880 
4.980 
4,980 
4,530 
4,060 
4.080 


4.060 
4,200 
4.020 
4,260, 


4,060 
3,S1U 
S.SIO 
3.  wo 
3.S10 
2,010 


4,260  62,160 
1,880     4.560 


62,460 
64.800 
64.800 


4.000 
4,000 
4,  Olio 


62,460  63. ♦ail 
62,460,  6  3, '*:.'»» 
62,S40  fr3.«a) 
62,  e'"  4,  It© 
63,210  4,4rt) 
63,210     4,4U0 


a  Water  power  ol  upper  Hudson  River  Is  described  in  Report  of 
veyor,  1895,  pp.  124-154. 
6 Sundays,  holidays,  and  for  repairs,  mills  shut  down. 


....     1,9001 i,JuO 

New  York  State  Euginet^r  and  Sor- 
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Mean  daily  diachargey  in  second-feet^  of  Hudson  River  at  Fort  Edward,  N.  Y. ,  etc. — Cont'd. 


Day. 


1904. 


1. 
2, 
3. 


5. 


6. 

/. 

H. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


IG. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26- 
27. 
28. 
29. 
30. 
31. 


Jan. 


6,620 
4,430 

a  3, 210 
5,900 
6,870, 
5.620 
5,990 
6, 120' 
4.790, 

a2,460 
5.460 
5,210: 
5.120 
6,120' 
6,370' 
4,290 

a%  160 
5.030' 
4,65o' 
4,410' 
4,160 
4,620, 
3,550' 

0  3,210 
6,240* 
6,240 
6,120| 
6,120 
6,120 
4,920 

a2,460 


Feb. 


Mar. 


8, 
8, 
8, 
3. 
2, 
"2, 


3,020 

2,760 

2,900 

2,640 

2,640 

1.910 
<i2,460|    3, 

3,610     4. 

4,280     7, 

4,530'    8, 

4,440     8, 

4,360     7. 

3,020  a  7, 
a  5, 130 

4.030 

3,900 

3,680 

3,090 

2,430 

l,840a2, 
a  3, 820     4, 

3.630     4. 


Apr. 


May. 


June. 


080  13, 
120  10, 
SSOalS, 
490   13. 


240  «21, 
800l  22, 
33o'  21, 


610 
460 


14, 
16, 


540 

080 


380  4,020 

660  4,430 

540  4,180 

120,  3,890 


20, 
19,740|a9,200 


950|  16, 
200j  18, 
420  18, 
040027, 
42o'  31, 
010  29, 
820  26, 
900  25. 
620  17, 
980  12, 
170  all, 
260  11, 
840  11, 
460|  9. 
360  8, 
210|    7, 

3,540!    5,980     4, 

3. 7901  11, 

3,930  13, 

3,840   11. 

2,390|al6, 
a 8, 820   16, 


340,  17, 
S40l  IS, 
380  al6, 
870j  11, 
63o!  11, 
620     8, 


I 


480 
560 
380 
820 
630 
680 
280 
000 


6, 
6, 
4. 
alO. 
6, 
7, 
7, 
7, 


280     7, 
820'    6, 


8,260 


13. 
13. 
13. 


280  alO, 
640!  15, 
820|  15, 
810|  13, 
34o|  18, 
240  21, 


240 
240 


21, 


190 
750 
090 
680 
680 
540 
540 
540 
740 


«9, 
7, 
6, 
5. 
5. 
6, 

4. 
a  6. 

5, 
5, 


320 
630 
120 
820 
880 
410 
300 
SOO 
860 
090 
300 
190 
390 
390 
620 
330 
540 
190 
300 
950 
^ 
300 
860 
000 
960 
300 


July.  ,  Aug. 


8,890 
7,980 
6,000 
5,690 

11,240 
9,810 

al3,400 
8.440 
7,350 
6,940 
6,000 
4,430 
2,810 

a  1,700 
3,180 
3,180 
3.180 
3,180 
8,160 
1,040 

al,640 
3,000 
2,440, 
1,180, 
1,280 


3,030 

2,310 

880 

(«) 

3.030 

3,420 

3.030 

2,780 

2,210 

(«) 
2,410 

2,160 
2,280 
2,780 
2,910 
2,030 

(°) 

2,410 

2,410 

1,910 

2,160 

1,780 

1,710 

(«) 

1,780 

1,410 

1.410 

1,660 

2,160 

1,480 

(°) 


Sept. 


Oct. 


3,620 
2,200 
2,830 
2,340 
2,330 
4,160 

a3,990 
3,860 
2,840 
2,620 
2,720 
2.810 
1,940 

« 1,730 
2,230 
2.060 
1,460| 
1,T70J 
l,95o! 
1,280 
0  450 
6.330 
6,820 
6,660 
4,840 
4,450 
2,450 

a2,080 
2,660 
2,320 
2,270 


2,210     8.310 


2,220 


a 7, 450 


Nov 


1, 770     6, 180 


al,200 

a2,810 

3,810 

2,190 

3,010 


4,820 
5,190 
4,490 
3,480 
1.620 
2,530;  a  8, 010 
l,75o'    3,620 


a  2. 010 
2,780 
2,220 
2.840 
2,230 
2.230 
1.910 

al,.MO 
8,550 
2,710 
2,730 
2,730 
2,740 
2,020 

a2,980 


3,860 
5.510 
5,380 
6,050 
2,680 
a3,990 
4,290 
8,660 
8,220 
3,510 
3.730 
14,020 
020.510 
16.780 
13,840 
4,540|  11,160 
4.350  9,480 
4,680  7,980 
4.680  4.850 
4,160  a7.450 
6,720 


5,050 
4,960 
4,160 
3.920 
1.870 

a2,800 
3,670 
3,260 
8,120 
2,910 
3,280 
2,070 

a2,800 
3,980 
2,660 
2,660 
2,660 
2,410 
1,220 

a2,490 
8,080 
2,030 
2,580 
1,640 
2,230 
1,140 

a  2, 010 
3,580 
2,780 
2.280 


Dec. 


2,410 
2,530 
1.140 

a 2, 190 
2,710 
1,810 
2,160 
2,720 
2,160 
1,020 

a 1,780 
2,740 
2,160 
2,630 
2,160 
2,160 
1,220 

al,730 
2,190 
2,600 
2,080 
1.910 
2,060 
980 

a  2, 740 

a2,660 
2.990 
8,220 
8,740 
8,740 
1,660 


a  Sundays,  holidays,  for  repairs,  mills  shut  down. 
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STREAM  MEASUREMENTS  IN   1904,  PART  n. 


(pro.  12S. 


EtHmaUd  monthly  dUcfuirge  of  Hudson  River  at  Fort  Edward,  N,  Y.,  for  190S  and  1904- 

[Drainage  area,  2,800  Bquare  miles.] 


Month. 


January . . 
February . 

March 

April 

Mav 

June 

July 

August 

September 
October  . . . 
November 
December  , 


1903. 


The  year 


1904. 

January 

February 

March 

April 

May 

June 

July,  26  days 

August 

September 

October 

November 

December 


Discharge  in  Hecond-feet. 


Maximum.     Minimum.         Mean. 


4,980 
6,960 

35,780 

11,840 
4,560 

16,640 
6,460 
7,250 
5,990 

16,600 
5,140 
4,560 


35,780 


6,620 

5,130 

16, 810 

31, 620 

22,660 

13,400 

3,420 

6,820 

4,680 

20,510 

5,050 

3,740 


The  year 31,620 


1,870 
2,010 
8,040 
1,750 

990 

600 
2,010 

360 
1,430 
1,370 
1,880 

710 


360 


2,160 

1,840 

2,460 

4,750 

4,860 

1,040 

830 

450 

1,200 

1,520 

1,140 

980 


450 


3,728 
5,238 
17,040 
6,398 
2,561 
7,184 
4,554 
4,486 
3,080 
6,691 
3,733 
3,546 


5,687 


4,889 

3,403 

7,009 

16,030 

10,250 

5,090 

«2,211 

2,949 

2,753 

6,440 

2,843 

2,248 


5,510 


Run-off. 


Se<x)nd-feet  '  pk^^.*,  .„ 


(I  Mean  for  26  days  taken  as  mean  for  entire  month. 


1.33 
1.87 
6.09 
2.28 
.915 
2.57 
1.63 
1.60 
1.10 
2.39 
1.33 
1.27 


2.03 


1.75 
1.22 
2.50 
5.72 
3.66 
1.82 

.790 
1.05 

.983 
2.30 
1.02 

.803 


1.97 


I 


I 


1.53 
l.!*5 
7.02 
2.54 
1.05 
2.87 
1.88 
1.84 
1.23 
2.76 
1.48 
1.46 

27.61 


2.02 
1.27 
2.88 
6.38 
4.22 
2.03 

.911 
1.21 
1.10 
2.65 
1.14 

.926 


Y. 


26.74 


HUDSON   RIVER  AT  MECHANICSVILLE,    N. 

A  record  of  the  flow  of  Hudson  River  at  Mechanicsville  has  teen 
kept  by  the  Duncan  Company,  beginning  December,  1888.  The  rec- 
ord includes  two  daily  readings  of  the  depth  on  the  crest  of  the  dam, 
and  a  continuous  record  of  the  run  of  the  water  wheels  in  the  adjoin- 
ing paper  mill.     The  accompanying  tables  show  the  monthly  and  daily 
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mean  flow  at  Mechanicsville,  computed  by  Mr.  R.  P.  Bloss,  the  engi- 
neer of  the  company.  The  flow  over  the  dam  has  heretofore  been 
computed  by  the  Francis  formula  for  the  Merrimac  dam: 


Q=3.012  L  H  » 


63 


L  being  794  feet.  H= depth  on  crest  of  dam  in  feet.  The  same 
formula  has  been  used  in  all  cases,  whether  flashboards  are  on  or  oft. 

The  water  supply  of  Champlain  Canal  is  drawn  from  Hudson  River, 
above  Mechanicsville;  the  gagings  at  Mechanicsville  do  not  therefore 
represent  precisely  the  natural  yield  of  the  drainage  basin. 

During  1904  the  dam  has  been  increased  in  height  by  the  addition 
of  a  rounded  concrete  crest,  raised  to  the  height  of  the  flashboards 
formerly  used.  A  new  apron  has  also  been  constructed.  These 
c^hanges  have  caused  a  break  in  the  record.  A  new  discharge  table  for 
the  dam  is  being  prepared,  using  coefficients  derived  from  the  experi- 
ments of  the  United  States  Geological  Survey  at  Cornell  University, 
and  the  record  will  be  continued  as  formerly. 

The  observations  at  this  station  during  1904  have .  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

^fean  daily  dischargey  in  secandrfeetf  of  Hudson  River  at  Mechaniatuillej  N,  F.,  for  1904* 


Dav, 


Jan. 


Feb. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


4,410 
3,970 
6,550 
5.450 
5,850 
5,250 
4,830 
4,910 
4,990 
6,920 
6,870 
6,780 
4,730 
4,840 
4,560 
5,840 


6,770 
4,730 
4,320 
4,870 
3,660 
3,980 
6,600 
15,130 
9,910 
8,020 
7,680 
7,770 
7,270 
8,060 
7,880 
5,410 


Mar. 


6,770      17 


Day. 


4,990 


18. 


6,030  I    19. 


11,180 
9,130 


20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Jan. 


7,140 
6,640 
6,510 
6,860 
4,600 
3,890 
9,310 
12,970 
9,840 
6,800 
5,790 
5,190 
4,770 
5,070 
6,910 


Feb. 


6,580 
5,500 
4,270 
5,320 
6,660 
7,310 
11,860 
9,780 
7,770 
6,700 
6,290 
6,460 
6,550 


Mar. 


Egiimatfd  monthly  discharge  of  Hudson  River  at  Mechanicsiillef  N.  K,  for  1904. 

[Dralna^  area,  4,600  square  miles.] 


Month. 


Discharge  In  second-feet. 


Maximnm. 


January  

February 

March,  5  days 


12, 970 
15, 130 
11,180 


Minimum. 


4,330 
4,270 
4,930 


Mean. 


5,805 
6, 858 
7,408 


Run-off. 


Second-feet 

per  sQuare 

mile. 


1.29 
1.52 
1.65 


Depth  In 
inches. 


1.49 
1.64 
.307 
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STBEAM   MKASUREMENTS   IN   1904,  PABT   II. 


[xo.  125, 


INDIAN   RIVER  AT  INDIAN  LAKE,    HAMILTON  OOUNTT,  N.  Y. 

A  record  of  the  stage  of  water  in  Indian  Lake  reservoir,  located  in 
the  upper  Hudson  River  drainage  basin,  as  described  in  preceding 
reports,  has  been  continued.^  The  reported  stage  of  water  in  the 
reservoir  is  shown  in  the  table  below.  The  reservoir  gates  were  not 
opened  until  August  13  and  were  closed  September  28,  1904.  They 
were  again  opened  November  22  and  remained  open  until  December  31. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Stage  ofivater  in  Indian  Lake  reservoir,  Hamilton  County j  N.  Y,ffor  1904* 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

29.60 
29.25 
29.08 
28.83 
28.68 
28.38 
28.83 
28.33 
28.25 
28.08 
27.92 
27.83 
27.68 
27.88 
27.00 

Sept. 

Oct 

Nov. 

D«^. 

1 

16.08 
15.96 
15.83 
15.71 
15.58 
15.46 
15.83 
15.21 
15.04 
14.92 
14.75 
14.58 
14.42 
14.25 
14.00 
13.75 
13.50 
15.25 
13.00 
12.83 
12.67 
12.50 
12.83 
12.17 
12.00 
11.83 
11.63 
11.42 
11.21 
11.00 
10.79 

10.58 
10.87 
10.17 
9.96 
9.68 
9.37 
9.25 
9.25 
9.21 
9.08 
8.92 
8.75 
8.67 
8.58 
8.46 
8.33 
8.25 
8.21 
8.17 
8.06 
8.00 
7.92 
7.83 
7.75 
7.75 
7.75 
7.75 
7.71 
7.67 

7.67 
7.67 
7.63 
7.68 
7.58 
7.68 
7.58 
7.58 
7.68 
7.68 
7.68 
7.58 
7.63 
7.67 
7.71 
7.75 
7.75 
7.75 
7.71 
7.67 
7.63 
7.68 
7.67 
7.83 
8.17 
8.50 
9.08 
9.58 
9.92 
10.25 
10.50 

10.83 
11.00 
11.42 
11.67 
11.92 
12.17 
12.50 
13.00 
18.67 
14.58 
16.50 
16.26 
16.67 
17.08 
17.42 
17.75 
18.00 
18.17 
18.83 
18.58 
18.75 
18.92 
19.17 
19.42 
20.17 
21.00 
21.75 
22.75 
28.92 
26.17 

26.25 
27.50 
28.67 
29.83 
30.83 
31.75 
32.68 
33.83 
33.83 
34.17 
34.42 
84.58 
84.67 
84.76 
34.92 
34.88 
34.92 
35.00 
34.83 
34.92 
34.92 
34.79 
34.58 
34.33 
34.00 
33.79 
33.46 
33.08 
38.00 
33.08 
83.17 

33.25 
83.33 
38.42 
33.33 
33.17 
38.08 
33.17 
33.25 
83.83 
84.42 

84.21 
84.25 
34.26 
34.25 
34.25 
34.25 
34.25 
34.25 
34.25 
34.25 

26.08 
25.67 
25.26 
25.08 
24.75 
24.42 
24.08 
23.75 
23.42 
23.08 
22.75 
22.42 
22.06 
21.75 
21.42 
21.08 
20.88 
20.58 
20.33 
20.06 
19.75 
19.60 
19.26 
19.00 
19.00 
19.17 
19.21 
19.17 
19.25 
19.67 

27.92 
27.76 
27.62 
27.50 
27.42 
27.42 
27.38 
27.33 
28.08 
29.08 
29.88 
30.06 
30.17 
30.25 
30.33 
80.38 
30.26 
30.33 
30.50 
30.42 
30.38 
30.16 
29.96 
29.75 
29.62 
29.42 
29.25 
29.08 
28.92 
28.75 
28.62 

28.50 

28.  S8 

28.25 

28.16 

28.00 

27-88 

27.75 

27.67 

27.58 

27.50 

27.42 

27.  S3 

27.25 

27.16 

27.06 

27.00 

27.00 

27.00 

27.  (» 

26.98 

26.92 

26.83 

26.79 

26.75 

26.71 

26,67 

26.33  1 

25.83 

2f».42 

25.00 

• 

•S  &'^ 

2 

'    25.  T9 

3 

25.41 

4 

5 

25.17 
24. 91 

6 

24  fiZ 

7 

24  25 

8 

23,91 

9 

2S.56 

10 

2S.25 

11 

84. 58     X4.  'il 

'    '^^  ?] 

12 

84.67 
34.67 
84.67 
34.62 
34.68 
84.64 
34.50 
84.46 
34.42 
34.42 
84.42 
34.42 
34.37 
34.25 
34.17 
34.17 
34.17 
34.17 
84.17 

84.17 
33.83 
38.62 
33.46 

?^  (57 

18 

'    22.33 

14 

??  00 

15 

21.67 

16 

33.17 

26.66 

21  33 

17 

82.92 
32.67 
32.46 
32.25 
32.08 
31.92 
31.67 
31.60 

26.42 
26.17 
26.00 
26.08 
26.17 
26.17 
26.25 
26.83 

21.00 

18 

20  75 

19 

20.45 

20 

20  17 

21 

19. 8^ 

22 

19  58 

23 

19.33 

24 

19  €b 

25 

31.33 
31.17 
30.92 

26.42 
26.46 
'2fi  ."iO  ' 

18.83 

26 

IS  ni« 

27 

18  S3 

28 

30.58     26.60 
80.33     26.54 
30.08  1  26.64 
29. 83     26. 9Sl 

18  04 

29 

17  83 

80 

17  56 

81 

17  S3 

HOOSIC   RIVER  AT  BUSKIRK,  N.  Y. 

A  gaging  station  was  established  at  the  highway  bridge  in  Buskirk 
village,  September  26, 1903.  The  gage  is  read  twice  each  day  by  Bert 
C.  Henry,  from  a  chain  gage  attached  to  the  bridge.  Hoosic  River 
has  its  headwaters  on  the  west  slope  of  the  Hoosic  Mountains  in  Ver- 

nSee  also  Report  on  Stream  Gagings,  contained  In  Supplement,  Report  of  State  Engineer  and 
Surveyor,  1902,  pp.  280  to  284. 
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moot  and  Massachusetts.  Two  bead  branches,  one  flowing  southward, 
the  other  northward  along  the  west  slope  of  this  range,  join  at  North 
Adams,  Mass.  The  stream  then  flows  in  a  northwestern  direction, 
entering  Hudson  River  3  miles  north  of  Mechanicsville.  The  drain- 
age basin  above  Buskirk  is  rugged  and  precipitous,  the  distribution  of 
tributaries  affording  rapid  concentration  of  the  run-off  from  the  steep 
rock  slopes.  The  soil  is  generally  firm  and  tenacious  in  the  valleys. 
The  ridges  are  sparsely  wooded.  The  general  elevation  of  the  valley 
at  the  junction  of  the  headwaters  is  1,000  feet.  Numerous  dams, 
affording  power  for  textile,  agricultural-implement,  and  other  indus- 
tries, are  scattered  throughout  the  length  of  the  stream  from  North 
Adams  to  Schaghticoke.^  There  are  no  important  lakes  and  but  one 
storage  reservoir  in  the  drainage  basin,  this  being  at  Farnam,  neai 
the  head  of  the  South  Branch. 

The  State  boundary  to  the  south  of  Hoosic  River  follows  the  Taconic 
Ridge,  which  forms  the  divide  between  the  Hoosic  in  Massachusetts 
and  Little  Hoosic  River  in  New  York. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Drainage  areas  of  Hoosic  River. <i 


Location. 


Above  junction  branches,  North  Adams,  Mass. 

Above  New  York  State  line 

Above  Hooeic  Falls 

Above  mouth  Walloomsac  River 

Walloomsac  River,  above  mouth 

Above  Buskirk 

Above  Schaghticoke 

Above  mouth , 


Area,  place 
to  place. 

Total  square 

miles. 

lis.  8 

118.8 

115.6 

234.4 

118.5 

352.9 

2.6 

355.5 

159.0 

614. 5 

64.1 

578.6 

56.7 

635.8 

80.5 

715.8 

a  From  United  States  Geological  Survey  Topographic  Atlas,  the  drainage  basin  being  shown  on  the 
Taconic,  Mettawee,  and  Cohoes  sheets. 

Discharge  ineatntrernents  of  Hoosic  River  at  Buskirk^  N.  F.,  m  1904* 


Date. 


March  2& 

July  27 

August  26  . . . 

October6 

November  10 


Hydrographer. 


Area  of 
section. 


C.  C.  Covert . 

do 

H.  R.  Beel)e. 
A.  M.  Evans. 
H.  R.  Beebe . 


Sq.  feet. 
564 
314 
336 
398 
387 


Mean       I     Qage 
velocity.       height. 


Ft.  per  sec. 

0.79 

.71 

.88 

1.23 

1.23 


Feet. 
3.29 
1.60 
1.75 
2.11 
2.09 


Discharge. 


Second-feet. 
446 
225 
294 
489 
475 


"  Water  power  as  It  existed  in  18.S0  in  di^^cribed  in  Tenth  Census,  1880,  vol.  1(5,  pt.  1,  i>p.  :r.V;i.s(). 
l»  River  froisen  over  below  brldgo.     PnilMible  backwater. 
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timber  cribbing  50  feet  above  the  lower  section  of  the  dam,  with  its 
zero  mark  at  elevation  172.00  referred  to  the  United  States  Deep 
Waterways  datum.  Gage  readings  are  taken  twice  daily,  at  inter- 
vals of  about  12  hours,  ])y  Robert  Wilson.  The  mean  of  the  two 
daily  readings  is  used  in  computing  the  flow.  The  discharge  over  the 
main  dam  has  been  calculated  by  means  of  the  weir  formula,  using 
coefficients  derived  from  the  United  States  Geological  Survey  experi- 
ments. During  high  water  the  current  of  the  stream  through  the 
cross  section  of  the  channel  leading  to  the  lower  dam  has  a  velocity 
of  several  feet  per  second.  The  head  due  to  this  velocity  has  been 
added  to  the  observed  head  as  a  correction  for  velocit}^  of  approach  to 
the  lower  dam.  The  upper  dam  is  situated  460  feet  upstream  from 
the  crest  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Mean  daily  discharge^  in  second-feet^  of  Mohawk  River  at  DuntbcLch  Ferry  Bridge^  N.  }'. , 

/or  1903  and  1904. 


Day. 


1903. 


Mar.ft   Apr.ft 


39,310 
29,490 
23,630 
21,370 
16,490 
15,510 
16,830 
21,7r)0 
39,310 
36,150 
50,790 
46,670 
39,310 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 ; ;i5,i90 

16 1 29,490 

16 1  27,370 

19,950 
18,850| 
17,H30; 
18, 15o! 
19,950 
22,890, 
31.250 
35,190^ 
52.950 
82,590 
21,750 
24, 850^ 
14,170' 


17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


27,360  1,960 

18,860  1,850 

13,870  1,950 

18,610  2,4.50 

13,660  2,150 

13,270  2,090 

U,770  2,150 
23,170 

24.430  2,028 

18,860  2,030 

12,370  1,910 

12,050  1,810 

9,850  1,810 

6,360  1,750 

6,810  1,750 

7,310  1.660 

8,810  1,660 

7,310  1,580 

5.890  1,580 

5,670  1,620 

6,888  1,620 

5.1S8  1,620 

5,188  1.470 
4.830' 
3,330 

8,210,  1,200 

3,070  1,200 

2.4.-10  1.270 

2.090,  1,430 

12.110'     1.950'  1,620 

19.230 1  2.120 


May. 6  June.b 


July. ft 


Aug.a 


2,320 

2,320 

2,320 

2,660 

2,700 

2,900 

2,940 
2,028,    3,080 

2,970 

3,230 

4.490 

8,850 
13,030 
12,710 
11,550 
11,550 

9,890 

7,690 

8,180 
11,400 
19,960 
29,050 
■22,510 
1,310'  22,890 
1.200,  A  630  12,4901 


7,830 
7,440 
6,860 
6,680 
3,360 
2,660 
2,870 

3.918 
3,410 
3,440 
5,580 
5.380 
4,690 
4,980 
4,920 
5,070 
5,008 
4,880 
6,160 
5,490 
6,860 

18,85o! 

14,230 


23,630 

13, 9:^ 

10,970 

9,890 

7,110 


9,890 
7,590 
7,110 
6,630 
6,630 

'  I 

6.390 


Sept.( 


Oct. 


1,620 

1,760 

1,870 

1,980 

2,600 

2,930 

3,760 

6,680 

29,990 

c84,880 

43,210 

30,770 

21,310 

13,730 

8,440 

7,680 

6.680! 

9,280 

14,690| 

IS,  no' 

11,240| 
9,280 
fi.930 
6,170 
5,920 
5.270l 
5,060 
4.620 
4,410 
4.190 
4.190 


Nov. 


8,760 
3,660 
8,490 
8,430 
8,100 
8,680 
4.540 
8,900 
8,350 
2,990 
8,020 
8,850 
8,800 
2,910 
3,020 
3,020 
4. 380 
12,170 
11,240 
7.920 
6,170 


I>ec. 


4.3fl0j 
3,650 
4.060 
8,840| 
8,760. 
8,590. 
2,930! 
2,7eDJ 
2,990^ 


2,760 
2,760 
2,760 
2,760 
2,760 
2,760 
2,760 
2,760 
2,430 
2,430 
2,100 
2,100 

i,t«eo 

2,600 
S,2B0 
3.490 
3,260 
3,100 
3,760 
6,420 

U.880 
8,440 
7.430 
6,9e^0 
6,420 
5.270 
4,620 
3,590 
3,660 
3,560 


«  Record  not  available 

''Record  approximate,  dam  in  injured  condition 

^Maximum  Romewhat  greater     Approxlmnte  owing  to  htuck  wmter. 


"^^^^o??!^"']       HUDSON   RIVER    DRAINAGE    BASIN. 
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age  area  of  1,306  square  miles.  In  calculating  the  discharge  for  1903 
and  1904  use  has  been  made  of  the  experiments  of  the  United  States 
Geological  Survey  at  Cornell  University,  1903,  on  flow  over  dams. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Me'm  daily  diBcharge,  in  second-feetf  of  Mohawk  River  at  Little  Fcdls,  K  Y,,for  1903 

and  1904' 


Day. 


1908. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

SO 

31 

1904. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 


Jan. 


1,869 
1.670 
2,179 
4,119 
6,011 
4,451 
3.084 
2,473 
2,088 
1,633 
1,347 
1,388 
1,250 
1.652 
1,756 
1,854 
1.773 
1,334 


1.427 

1,373 

1,566 

2,217 

2.566* 

2,135 

1.562| 

1,807| 

1,7081 

1.646 

1,907., 

4.810'. 

6.026*. 

1.888| 
1.428 
647; 
1,189| 
1,189 
1.068| 
1,268 
1,846 
1,846 
1,176 
1,286 
1,247 
1.247. 


5,705 
6,248 
6,419 
6,439 
7.145 
6,278 
6,026 
4,512 
3,406 
2,949 
2,886 
4,086 
6,722 
6,501 
8.812 
8,888 
2.698 
2.148 
1.881 
2,141 
lr900 
1,887 
2.138 
2,188 
2,089 
1,764 
1,818 
2,816 


1,771 
1,618 
1,442 
1.843 
1.265 
1,266 
1,421 
4,672 
4,769 
4,697 
4,402 
4,022 
3,731 


18,620 

14,130 

12,610 

8,943 

6,940 

6,886 

5.940 

7,971 

14,610 

16,740 

22,810| 

20,800 

16,260^ 

11,480 

9,412 

8,609 

8,118 

7,686 

7,889 

8,761 

11,680 

13, 160 

8,888| 

18.040 

16,600 

10,830 

7,760 

6,384 

6.077 

6,216| 

8,410. 

I 
I 

) 

1,841 
1,792 
1,991 
2,787 
8,490 
8,173 
8,307 
4,970 
6,968 
6,482 
5,826 
6,639 
4,403 


Apr. 


8.025 
7,203 
5,863 
8.573 
7,907 
6,218 
6.114^ 
7.866 
7,414 
8,011 
7,190 
6,921 
6,724 
4,372' 
8,788 
3,209 
8,209 
2,741 
2,482 
2,296 
2,422 
2,041 
1,536 
1.854' 
1.462 
1.662 
1,678 
1,310 
1,192 
1,074 


May. 


8,499 

11,200 

9,680 

8,471 

8,172 

8,192 

9,347 

10,250 

14,480 

15,860 

17.060 

12.050 

9,557 


1,041 

2,002 

1,067 

1,150 

1,164 

1,197 

1,148 

1,148 

1,078 

850 

974 

1.022 

1,022 

963 

988 

816 

490 

910 

1,091 

988 

1.022 

910 

877 

683 

628 

605 

667 

628 

606 

689 

400 

9,601 
9,474 
7,859 
7,786 
7,191 
6,787 
6,137 
4,622 
3,789 
2,581 
2,078 
2, 127| 
1.660 


June. 

July. 

675 

8,005 

675 

8,722 

578 

2,582 

652 

1,835 

629 

1,525 

Aug. 


573j 
540 
629 
819 
1,023 
870 
2,141 
5,462 
8,816 
2J45 
8,048 
2,826 
2,472 
2,035 
1,666 
7,453 
8,297 
7,125 
6,874 
5,841 
6,916 
4,992 
2,842 
2,881 
1,7T2 


1,927 
1,490 
1,441 
1,090 
2,067 
8,023 
3,034 
2,171 
6,415 
7,322 
4,621 
2,760 
1,880 


2,138 

2,778 

1,442 

1,34G 

1,140 

1,268 

884| 

964 

1,033' 

999! 

1.068| 

1.038. 

92l| 

753' 

867 

1.849 

2,038 

8,606 

4,458! 

2,776l 

2,011; 

1,487' 

2,044 

1,200| 

1,342 

1,566 

1,181 
1,784 
1,987 
1,701 
1,091 
2,364 
2.194 
1,452 
1.078 
996 
1,213J 
1,340 
1,304 


1.523 
1,270 
1,183 
1,479 
4,762 
4,090 
8,340 
2,901 
855 
2,835^ 
2,477 
5,440 
4,166 
2,830 
2,288 
1.089 
1,189 
1,189 
1,033 
1,528 
2,968 
1,934 
1,809 
1,040 
2,633 
6,129 
4.991 
3,889 
2,784 
1,303 
2,361 

1,072 

1,072 

1,072 

820 

733 

1.604 

2,392 

1,892 

1,003 

1,035 

983 

758 

787 


2,045 

1,675 

1,312 

1,633 

1,275 

1,488 

746 

851 

821 

821  j 

991' 

1,221' 

966 

927] 

1,140 

927 

1.044| 

1,434 

1,562 

1,096' 

1,100 

1,066 

997 

962 

902 

798 

808 

857 

1.081 


1,138 


857 

820 

998 

1,081 

2,097 

1,526 

1,233 

897 

936 

1,006 

734 

794 

794 


1,1061 
1,072 
936 
1,012 
2,042 
2,776 
2,424 
2,498 
10,5t0 
20,260 
17,960 
11,940 
7,183 
5,297 
3,396 
2,536 
2,868 
8,225 
7,589 
6,487 
5,215 
3,610 
1,451 
2.686 
2,289 
2.039 
1,926 
1,727 
1,826 
1,826 
1,874 

6,888 
4,820 
3,079 
2,084 
1.818 
1,883 
1,878 
1,717 
1,506 
2,115 
7,2.'>7 
7,430 
5,447 


1,710 
1,429 
1,383 
1,294 
1,661 
2,468 
2,188 
1,606 
1,629 
1,628 
1,346 
1,346 
1,843 
1,843 
1,292 
1,344 
8,088 
4,768 
4,580 
2,833 
1,878 
1,658 
1,777 
2,087 
2,083 
1,442 
1,033 
1,346 
1,015 
1,568 


1,665 
1,665 
1,539 
1,689 
1,899 
1,184 
1.861 
1,442 
1,079 
1,081 
1,079! 
934' 
l,091i 


I)(C 


1,440 
1,344 
1,346 
1,846 
1,344 
1,043 
1,266 
1,268 
1,065 
885 
961 
1,265 
1,279 
1,848 
1,848 
1.442 
1,846 
1,266 
1,227 
1,080 
2,540 
8,282 
8,160 
8,210 
8,117 
2,617 
1,946 
2.186 
1,446 
1,489 
1,723 

1,182 

1,108 

991 

679 

930 


980 
930 
980 
866 
440 
930 
928 
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Mean  daily  discharge,  in  second-feet,  of  Mohawk  River ,  etc. — Continued. 


Day. 


Jan. 


1904 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 


1, 

1. 
1. 

1, 
1, 
1, 
1. 
1. 
1. 
2. 
2. 
2, 
2, 
2, 
2, 
1, 
1, 


331 
831 

282 
998 
265 
226 
226 
266' 
265| 
5261 
623' 
937 
&19 
621 
363 
080 
982 

626 

I 


Feb. 


2.914 
2,621 
2,402 
1,956 
1,806 
1,707 
1,645 
1,418 
1,707 
2,508 
2,939 
2,706 
2,409 
2,229 
1,842 
1,930 


Mar. 


3,368 

2, 897 

2.369 

2,361 

2, 187 

2,038 

2,071 

2,471 

2, 827' 

4,909' 

3,365, 

10,870 

24, 220 

22,110 

16,360 

10,970 

8,966 

8,359 


Apr.      May.    June. 


7,580 

6,097 

4,764 

4,327 

4,521 

4,591 

3,788 

3,203 

3,138 

3,589 

4,288 

7,668 

10,070 

8,227 

10,480 

10,790 

10,160 


I 


1,820 
1,882 
4,658 
4,290 
2,638 
2,084 
2,841 
4,476 
2,922 
2,144 
1,983 
1,968 
2.227 
3,320 
4,208 
4,397 
2,127 
2,130 


2,027 

1,396 

1,636 

1,236 

969 

1,358 

1,068 

1,033 

1.116 

1,191 

1.895 

930 

1,870 

993 

823 

794 

693 


July.     Aug.     Sept 


1,177 

1,095 

923 

956 

996 

1.482 

1,065 

856 

732 

682 

1,040 

990' 

1,131 

1,337 

1,346 

2,530 

2,398 

1,271 


1,166 

850 

850 

754 

782 

856 

2,765 

8.712 

6,741 

7,162 

5,905 

3,875 

2,238 

1,489 

1,235 

1,063 

1,072 

890 


858 
1,226 
2,086; 
1.217 
1,082 
1,429 
1,138 
2,967' 
2,602' 
1,667 
1,768' 
4,042 
7,310' 
4,613 
2,948 
2, 151 
7,449 


Oct. 


Not.  ■  Dec, 


3,880 
2,659 
2,101 
1.926 
1,528 
1,485' 
1,359 
4,454 
8.638 
6,866 
4,937 
3,263 
2,690 
2.696 
2.fi96 
2,530 
2,161 
1,819 


1,079 
l,OBl| 

1.060 

979 

983 

820 

932 

1,106| 

1,002 

1.142 

1.1812 

1,070 

819; 

1,069' 

1,069 

1.069 


a^ 

S7H 
&>»!> 

930 
1,001 
1,41< 
9* 
*M 
I.  VH.« 
6,341' 

4,9a$ 
4.  ?<»"4-. 


I 


Estimated  montJdy  discharge  of  Mohawk  River  at  Little  Falls,  N.  >'.,  for  190S  and  J9*>4' 

[Drainage  area,  1.306  square  miles.] 


Month. 


1903. 


January  . . . 
February . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  , 


The  year 


Discharge  in  second-feet. 

Run -off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  sQuare 

mile. 

Depth  in 
inchess. 

6,026 

1,250 

2,309 

1.77 

2.<M 

7, 145 

1,764 

3,777 

2.89 

3.01 

22, 310 

5,216 

10,980 

8.41 

9.70 

8,573 

1,074 

4,323 

3.31 

3.70 

1        2,002 

400 

922 

.706 

.814 

8,297 

540 

2,912 

2.23 

2.49 

4,458 

753 

1,778 

1.36 

1.57 

6,129 

855 

2,541 

1.95 

2.25 

2,045 

1          ' 

746 

1,116 

,855 

.955 

20,260 

935 

4,643 

3.56 

4.10 

4,768 

1,015 

1,862 

1.43 

1.60 

;        3, 282 

1 

885 

1,662 
3,236 

1.27 

1,46 

22, 310 

400 

2.48 

33.69 

HORTON,  QROVBR,! 
AND  HOYT.         J 


HUDSON   BIVEB   DBAINAGB   BASIN. 
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Estimaled  monihly  discharge  of  Mohawk  River  at  Little  Falls,  N.  K,  etc. — Continued. 


Month. 


1904. 

January' 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  vear  . . 


Discharge  In  second-feet. 


Run-off. 


Maximum. 


2,937 
4,769 
24,220 
17,060 
9,601 
7,322 
2,530 
8,712 
7,449 
8,633 
1,665 
6,340 


Minimum. 


Mean. 


24,220 


547 

1,265 

1,792 

3,138 

1,660 

693 

682 

732 

734 

1,359 

819 

440 

440 


2,969 


MOHAWK    RIVER   AT   DUNSBACH    FERRY    BRIDGE,  N.  T. 

This  gaging  record  is  kept  at  the  dam  of  the  West  Troy  Water  Com- 
pany, one-fifth  mile  above  Dunsbach  Ferry  Bridge,  9  miles  from  the 
mouth  of  the  river.  The  dam  is  in  two  sections,  situated  on  opposite 
sides  of  a  Hudson  River  shale  island.  The  left  wing  at  the  upper  end 
of  the  island  has  a  crest  length  of  380  feet.  The  right  wing,  500  feet 
downstream  at  the  foot  of  the  island,  has  a  crest  280  feet  long.  The 
record  was  established  March  12,  1898,  for  the  primary  purpose  of 
checking  a  system  of  levels  for  the  United  States  Board  of  Engineers 
on  Deep  Waterways,  by  D.  J.  Howell,  civil  engineer,  who  has  fur- 
nished the  earlier  portion  of  the  record.  No  record  was  kept  from 
April  1,  1899,  to  August  1,  1900.  in  the  pumping  station  adjoining 
the  dam  are  two  turbines  of  the  old  American  type,  one  66  inches  and 
the  other  75  inches  in  diameter.  A  new  54-inch  Victor  turbine  was 
installed  during  1902.  The  discharge  is  calculated  from  the  recorded 
daily  run  of  the  water  wheels  and  working  head.  The  turbines  drive 
pumps  taking  water  from  the  river  for  water-supply  purposes  at  the 
rate  of  1,500,000  gallons  per  day,  equivalent  to  a  continuous  flow  of 
2i  second-feet.  The  capacity  is  being  increased.  The  dam  is  of 
masonry,  with  a  flat  granite  crest  5.5  feet  wide.  It  was  rebuilt  in 
1903  and  a  new  profile  obtained.     The  crest  gage  is  attached  to  the 
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timber  cribbing  50  feet  above  the  lower  section  of  the  dam,  with  its 
zero  mark  at  elevation  172.00  referred  to  the  United  States  Deep 
Waterways  datum.  Gage  readings  are  taken  twice  daily,  at  inter- 
vals of  about  12  hours,  by  Robert  Wilson.  The  mean  of  the  two 
daily  readings  is  used  in  computing  the  flow.  The  discharge  over  the 
main  dam  has  been  calculated  by  means  of  the  weir  formula,  using 
coefficients  derived  from  the  United  States  Geological  Survey  experi- 
ments. During  high  water  the  current  of  the  stream  through  the 
cross  section  of  the  channel  leading  to  the  lower  dam  has  a  velocity 
of  several  feet  per  second.  The  head  due  to  this  velocity  has  been 
added  to  the  observed  head  as  a  correction  for  velocity  of  approach  to 
the  lower  dam.  The  upper  dam  is  situated  450  feet  upstream  from 
the  crest  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Mean  daily  discharge^  in  Becondrfeet,  of  Mohawk  River  at  Dunsbach  Ferry  Bridge^  Al  >'., 

for  1903  and  1904^ 


Day. 


190S. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan.a 


Feb. 


,« 


Mar.b   Apr.h 


May. 6  June.ft 

I 


27,350 

18,850 

13,870 

18,610 

13,560 

13,270 

11,770 

23,170 

24,430 

18,860 

12,370 

12,050 

9,850 

6,350 

6,810 

7,310 

8,810 

7,310 

5,890 

5,670 

6,888 

5,188 

5,188 

4.830| 

3,330 

8,210 

3,070 

2,450 

2,090 

1.950 


1,950 
1,850 
1,950 
2,450 
2,150 
2,090 
2,150 


2,028.    3,080 


2,028 
2,030 
1,910 
1,810 
1.810 
1,750 
1,750 
1,660 
1,660 
1,580 
1,580 
1,620 
1,620 
1,620 
1.470 
1.310 
1,200 
1,200 


2,320 
2,320 
2,320 
2,660 
2,700 
2,900 
2,940 


July.b 


Aug.a  Sept.a 


23,630 


1,200   13, 9W 
1.27o!  10,970 


1,430 
1,620 
2. 120 


9,890 
7,110 


39,310 
29,490 
23,630 
21,370 
16,490 
15,510 
16,830 
21,750 
89,310 
36,150 
50,790 
46,670 
39,310 
35,190 
29,490 
27,370 
19,950 
18,850 
17,830 
18, 150 
19,950 
22,890 
31,250 
35,190 
52,950 
32,590 
21,750 
24,850 
14, 170 
12,110 
19, 230* .. . 

a  Record  not  available 

^'Record  approximate,  dam  in  injured  condition 

oMaximam  somewhat  greater     Approximate  owing  to  back  water. 


2,970 
3,230 
4,490' 
8.850 

13,o:jo 

12,710 
11,550 
11,550 

9,890 

7,590 

8,180 
11,400 
19,950 
29,050 
22,510 
22,890 
'23,630  12,430 


7,830 
7,440 
6,860 
6,630 
3,350 
2,650 
2,870 

3,  aw 

3,918 
3,410 
3,440 
5,580 
5,380 
4,690 
4,980 
4,920 
5,070 
5,008 
4,890 
6,160 
5,490 
6,850 
18,850 
14,230 


Oct. 


Nov.  I    I>cc. 


9,890 
7,590 
7,110| 
6,690 
6,630 
6.390 


1,520 

1,760 

1,870 

1,980 

2,600 

2,930 

3,760 

6,680 

29,990 

c84,880 

43,210 

80,770 

21.310 

13.730 

8.440 

7,680 

6,680 

9.280 

14,690 

18,110 

11,340 

9,280 

6.930 

6,170 

5,920 


6, -2701 
5,060 
4,620 
4,410 
4.190 
4,190 


3,760 
3,560 
3,430 
3,430 
3,100 
8,680 
4,540 
8,900 
8,350 
2,990 
8,020 
8,350 
3,»0 
2,910 

3,oao 

3,020 
4.380 
12,170 
11,240 
7,920 
6,170 
4.360 
3.650 
4,060 
3,840 
3.760 
8,590 
2,990 
2,780 
2,9»)< 


2,760 
2,760 
2,760 
2,760 
2,760 
2,760 
2,760 
2,760 
2,430 
2,430 
2,100 
2,100 
1,860 
2,600 
3,269 
3,430 
3,260 
3,100 
8,760 
6,430 
9,28Ci 
11.860 
8,440 
7.430 
6,930 
6,42} 
6,270 
4.6E20 
3,590 
3.590 
3,360 
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Day, 


Jan.rt  ,  Feb.a    Mar.a 


19(M. 

1 L>,7(U) 

2 2,430 

3 2,100 

4 1  2,100 

5 '  2,410 

6 2,520 

7 '  2,430 

« '  2,100 


9. 
10. 


1,870 
1,870. 

11 2,070^ 

2,170 
1,720 
1,870 
1,640 
1,870 
1,870 

i.soo! 

1,180| 
1,180 
1,180 
22 1    1,180 


12. 
18. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 


23. 


1,300 

24 1,870 

25 5.920 

26 3,760 

27 2,760 

28 2,480 

29 2,100 

30 2, 100 

31 !  1.870 


1,870 
1,640, 
1.180 

i.isoj 

910 

960 

950 

2,10o! 

12,480 

6,920| 

5,060| 

4,620; 

4,190 

8,480! 

2,7eoj 

1,520 

1,180 

1,070 

1,160 

950 

980 

960 

870 

840 

900 

1,760 

1,410 

960 

960 


8,570 

3,680 

4,000 

4,150 

10,820 

8,920 

7,860 

8,110 

18,790 

15,630| 

12,720j 

ll,16o] 

10,320* 

8,640 

7,600 

6,340 

6,410 

5,190 

4,640 

6,190 

5,620 

7,600 

10,600 

22,960 

25,740 

85,500 

49,470 

86,790 

27,290 

21,760^ 

19,940 


Apr. 


18, 870 
30,940 
30,020 
19,610 
18,130 
19,240 
18, 870 
24,220 
25,020 
81,400 
80,940' 
27,070 
22,2fi0; 
16,740 
12,800 


11,860 
10,960 
10,960 
18,110 
10,680 

9.000 

8,440 

8,720 

9,000 

10,680 

17,760 

17,080 

19,240 

25,820 

22,640 


May. 


21,460 
18,870 
16,400 
14,690 
13,730 
11,860 
10,960 
9,560 
8,720 
7,680 
6,930 
5.920 
5,060 
4,190 
4,410 
5,700 
7,430 
6,680 
6,170 
6,170 
6,980 
7,180 
5,920 
5,060 
4,620 
3,980 
4,620 
5,270 
4,840 
4,410 
8,760 


June.    July. 


8,760 
8,430 
8,100 
8,100 
8,260 
8,590 
4,190 
4,840 
10,400 
18,500 
14,040 
9,280 
5,700 
4,410 
4,190 
8,760' 
3,760 
8,260 
2, 760' 
2,430' 
2,100 
2,270 
2,100 
2,230 
2,850 
2,020 
2,020 
2,020 
2,010 
2, 170 


a  Record  approximate  owing  to  ice  conditionn. 


460 
760 
760 
430 
760 
740 
090 
760 
430 
430 
100 
100 
600 
890 
270 
840 
060 
430 
590 
890 
270 
080 
060 
100 
100 
630 
380 
320 
260 
930 
760 


Aug.     Sept.      Oct. 


2,760 
2,430 
2,600 
2,600 
2,270 
2,100 
2,760 
3, 260 
8,100 
2,6U0| 
2,100 
1,870 
1,69P 
1,610 
1.610 
1,640 
1,520 
1,410 
1,410 
2,930 
9,560 
13,730 
12, 170 
9.560 
7,430 
5,700 
4,190 
3,590 
2,600 
1,750 
2,090 


2,020 
1,790 
1,560 
1,790 
2,520 
2,190 
2,100 
1,870 
2,100 
2,480 
2,270 
2,100 
1,980 
2,100 
2, -270 
2,430 
2,100 
2,270 
2,270 
1,870 
2,270 
2.760 
3,980 
2,930 
3,100 
5,060 
7,180 
5,920 
5,270 
4,410 


7,940 
11,860 
8,190 
6.6S0 
4,620 
2,930 
2.760 
2,660 
1,870 
2,760 
4,620 
7,940 
9,280 
7,180 
5,660 
5,050 
3,830 
2,860 
2,760 
2.760 
4,110 
25,980 
17,420 
11,550 
9,000 
6,680 
6,420 
5,920, 
5,490 
5,060 
3,590| 


Nov.      Dec. 


8,480 
8,480 
8.100 
8,100 
8,100 
2,760 
2,760 
2,600 
2,480 
2,430 
2,480 
2,430 
2,270 
2,270 
2,270 
2,270, 
2,270 
2,430 
2,600 
8,100| 
8,260 
8,760| 
8,430 
8,260! 
2,980 
2,760 
2,700 
2,430 
2,600 
8,100 


2,930 
2,480 
2,090 
1,830 
1,870 
1,870 
1,760 
1,640 
1,640 
1,640 
1,870 
1,980 
2,100 
2,100 
1,980 
1,870 
1,870 
1,870 
1,870 
1,760 
1,640 
2,760 
2,100 
2,270 
2,480 
2,600 
4,620 
16,030 
16,740 
10,120 
8,190 
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Exiimaied  moiUhlfj  discharge  of  Mohawk  River  at  Dumsbavh  Ferry  Bridge ^  N.  1'.,  for 

190S  and  1904. 

[DraiDagre  area,  3,440  square  miles.] 


January  . . 
February  . 
March  «  . . 

April « 

May  « 

June  « 

July  « 

Augut^t 

Septeinbt^r 
Octo>x;r  .. 
Novenil>er 
Decern  l)er 


January  . 
February 
March . . . 

April 

May 


June 

July 

August  . . . 
Septeml>er 
October  .. 
November 
December 


Month. 


1903. 


1904. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


52,950 
27,350 
2,450 
29,050 
18,850 


12, 110 
1,950 
1,200 
2,320 
2,650 


84, 880 
12, 170 
11,860 

5,920 
12,480  I 
49, 470 
31,400  ■ 
21,4(i0  I 
18,500  I 

3, 090 
13,730 

7,180  I 
17,420 

3,760 
16,  740 


1,520 
2,760 
1,860 


The  year 49,470 


1,180 
840 
3, 570 
8,440 
3,760 
2,010 
1,840 
1,410 
1,560  ' 
1,870 
2,270  \ 
1,640  I 

840 


Mean. 


27,430 
10,090 

1,738 
10,340 

6,404 


12,070 
4,271 
4,188 


2,127 
2,231 
13,720 
18,400 
8,038 
4,436 
2,477 
3,  763 
2,830 
6,624 
2,790  ! 
3,467 

5,908 


Run-off. 


Seoond-feet 

per  square 

mde. 


7.97 
2.93 
.505 
3.01 
1.86 


3.51 
1.24 
1.22 

.618 

.649 
3.99 
5.35 
2.34 
1.29 

.72t) 
1.09 

.823 
1.93 

.811 
1.01 


1.72 


Depth  in 
incfa^. 


9.19 
3.27 

.582 
3.36 
2.14 


4.05 
1.38 
1.41 


.712 

.700 
4.60 
5.97 
2.70 
1.44 

.830 
1.26 

.918 
2.23 

1.  16 


23.42 


a  Record-  approximate. 
January,  February,  and  March,  1904,  record  only  approximate  owing  to  ice  conditions. 

ORISKANY  CREEK  NEAR  ORISKANY,  N.  Y. 

A  gaging  station  was  established  at  Wood  Road  Bridge,  1  mile  above 
the  village  of  Oriskany,  June  5,  1J)01.  A  vertical  board  scale  is  read 
twice  daily  by  C.  H.  Smith.  Discharge  measurements  are  made  dur- 
ing low  water  only  by  fording  the  stream  a  short  distance  below  the 
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bridge.  The  gaging  station  at  Wood  Road  Bridge  was  discontinued 
November  30,  11H)4,  and  a  new  gaging  station  established  at  Coleman, 
1  mile  upstream,  where  a  cableway  has  been  erected  for  use  in  making 
current  meter  measurements  during  high  water.  A  dam  at  Reeder's 
mills,  one-fourth  mile  upstream,  affords  opportunity  for  checking  the 
freshet  discharge,  and  also  affords  some  protection  against  ice  which 
obstructs  Oriskany  Creek  very  seriously  in  winter.  Observations  at 
the  cable  station  were  begun  August  13,  1904,  and  are  taken  twice 
daily  b}'  Peter  Grambel.  The  flow  of  Oriskany  Creek  is  diverted,  as  a 
whole  or  in  part,  at  the  State  dam  below  the  gaging  station  during 
navigation  season.  The  dam  affords  opportunity  to  determine  the 
freshet  discharge  of  the  stream  during  the  spring  period  from  the 
time  the  ice  goes  out  until  the  opening  of  the  Erie  Canal.  Oriskany 
Creek  receives  the  inflow  from  storage  reservoirs  at  the  head  of 
Chenango  River. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Diarharge  mecuuremenU  of  Oriskany  Creek  near  Oriskany ^  N,  F.,  in  J 904. 


DhU\ 

Hydrographer. 

Area. 

Mean 
velocity. 

Oage 
hei«hU 

Dischsixe. 

September  28 . , 
October  7 

C.C.  Covert 

A.  M.  Evans 

Sq./eet. 
81 
S9 
77 

Fl.per9ec. 
1.38 
1.42 
1.31 

FeeL 
0.80 
.84 
.68 

Seeond-feeL 
112 
126 

November  16  . . 

H.  R.  Beebe 

101 

1. 

2 
8 
4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 


Mean  daily  gage  height,  in  feel,  of  Oriskany  Creek  at  Coleman,  N.  Y.,  for  1904' 


Day. 


Aug. 


0.85 
1.40 
1.75 
1.68 


Sept 

Oct 

0.G0 

0.82 

.88 

.82 

.72 

.88 

.62 

.76 

.66 

.75 

.62 

.80 

.62 

.80 

.68 

.72 

.65 

.72 

.68 

.90 

.60 

1.15 

.62 

1.05 

.68 

.96 

.62 

.96 

1.62 

.62 

.76 

.76 

Nov. 


1.02 
1.06 
1.18 
1.00 
.70 
.95 
.92 
.90 
.90 
.88 
.85 
.60 
.76 
.78 
.70 
.80 


Dec. 


0.?2 
.72 
.68 
.90 
.90 
.82 
.82 
.90 
.72 

1.00 
.80 
.86 
.42 
.40 
.36 
.90 


Day. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
80. 
81. 


Aug. 

Sept. 

1.60 

0.68 

1.78 

.62 

1.60 

.62 

2.04 

.82 

1.62 

.80 

1.18 

.70 

1.80 

.58 

1.12 

.65 

1.96 

.85 

.86 

.82 

.78 

.85 

.68 

.82 

.70 

.82 

.62 

.88 

.60 

Oct. 


0.82 
.82 
.80 
.78 
2.10 
1.98 
1.35 
1.25 
1.15 
1.15 
1.20 
1.18 
1.00 
1.00 
1.12 


0.65 
.50 
.62 
.72 
.92 
.88 
.82 
.78 
.88 
.68 
.70 
.78 
.82 
.78 


0.46 
.40 
.88 
.72 
.30 
.45 
.42 

2.26 
.45 
.72 


iRR  425—05- 
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Mean  daily  gage  height^  in  feet^  of  Oriskany  Creek  at  Wood  Road  Bridge^  near  OrisJbanyj 

N.  Y.,  for  1904. 


Day. 

Jan.a 

4.15 
4.05 
3.90 
3.95 
4.15 
4.40 
4.10 
4.35 
4.35 
4.35 
3.75 
3.25 
3.65 
4.10 
4.00 
3.90 
3.95 
3.70 
3.90 
3.70 
3.80 
3.95 
5.20 
5.10 
4.75 
4.55 
4.45 
4.45 
4.30 
4.30 
4.10 

Feb.n 

3.90 
5.65 
7.75 
6.15 
5.80 
4.90 
4.70 
4.20 
4.20 
3.70 

3.40 
3.40 
6.40 
5.00 
6.00 
4.40 
4.05 
3.66 
4.15 
5.15 

Mar.a 

4.65 
4.20 
4.80 
5.45 
4.90 
4.95 
5.60 
7.30 
6.75 
6.10 
5.30 
4.95 
4.80 
4.90 
4.55 
4.55 
4.80 
4.50 
4.50 
5.45 
5.85 
6.30 
7.95 
7.60 
7.65 
7.30 
5.60 
4.00 
3.65 
3.70 
3.70 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct, 

1 
Not. 

1 

4.76 
4.90 
8.80 
3.80 
3.60 
8.50 
4.20 
8.90 
4.05 
4.15 
3.75 
3.95 
3.35 
3.16 
3.15 
3.10 
8.20 
3.10 
8.05 
2.90 
2.90 
2.80 
2.80 
2.60 
2.80 
2.60 
2.65 
3.40 
3.30 
3.10 

2.90 
2.90 
2.70 
2.30 
2.26 
2.66 
2.40 
2.30 
2.26 
2.20 
2.85 
2.10 
2.10 
2.05 
3.35 
2.80 
2.30 
2.20 
2.30 
2.80 
2.30 
1.96 
1.75 
2.05 
1.90 
2.00 
2.16 
1.90 
1.95 
2.10 
2.80 

1.96 
1.86 
1.90 
1.80 
2.10 
2.00 
1.80 
1.70 
2.46 
2.35 
1.96 
1.80 
1.86 
1.76 
1.90 
2.05 
1.70 
1.45 
1.85 
1.50 
1.80 
1.65 
1.66 
1.55 
1.56 
1.46 
1.65 
1.66 
1.70 
1.75 

1.60 
1.70 
1.60 
1.40 
1.60 
1.76 
1.60 
1.46 
1.60 
1.60 
1.70 
1.76 
1.66 
1.50 
1.65 
1.70 
1.50 
2.10 
1.96 
1.55 
1.60 
1.55 
2.40 
1.80 
L80 
2.10 
1.85 
1.96 
2.45 
2.00 
1.80 

1.75 
1.90 
1.76 
1.60 
1.70 
2.20 
1.80 
1.70 
1.75 
1.65 
1.66 
1.65 
1.60 
1.65 
1.75 
1.75 
1.60 
1.70 
1.60 
3.15 
2.40 
1.95 
2.55 
1.90 
1.80 
1.85 
1.70 
1.65 
1.50 
1.65 
1.55 

1.60 
1.65 
1.85 
1.70 
1.50 
1.55 
1.40 
1.60 
L66 
1.60 
1.40 
1.60 
1.40 
1.40 
2.00 
1.55 
1.60 
1.45 
1.50 
1.60 
1.60 
1.65 
1.35 
1.75 
1.85 
1.75 
1.65 
1.70 
1.65 
2.35 

1.65 

1.65 

1.65 

1.70 

1.60 

2.00 

1.75 

1.55 

1.70 

1.90 

2.06 

2.10 

2.00 

1-70 

1.50 

1.75 

1.60 

1.50 

1.75 

1.65 

3.50 

2.65 

2.85 

1.95 

1.75- 

1.90 

1.85 

2.05 

2.00 

1.90 

2.00 

1.9ft 

2 

1.90 

3 

2.05 

4 

1.96 

5 

1.60 

6 

7 

8 

2.05 
1.90 
1.90 

9 

L8S 

10 

1.90 

11 

12 

13 

2.05 
1.65 
l.GD 

14 

1.8D 

16 

1.50 

16 

1.70 

17 

1.80 

18 

1-70 

19 

1.55 

20 

1.65 

21 

1.90 

22 

1.85 

1.75 

24 

1.70 

1.80 

26 

1.90 

l.RG 

28 

1.90 

80 

31 

2.20 

a  Ice  condilions  January  1  to  March  26. 

Mean  daily  discharge^  in  second-feel^  of  Oriskany  Creek  ai  State  dawj  near  (hri^Jtany, 

K  Y.,  for  1904. 


Day. 


1 
2 
3 
4 
6 
6 
7 
8 


Mar. 


Apr. 

1,250 
1,140 
635 
560 
635 
876 
825 
765 


Day. 


9 
10 
11 
12 
13 
14 
15 
16 


Mar. 


Apr. 

Day. 

Mar. 

Apr. 

765 

17 

1 
420 
420 
385  1 
360 
330 
280  . 
280 
280 

1,190 

18 

730 

19 

550 

20 

650 

21 

610 

22 

360 

23 

350 

24 

1,340 

Day. 


25... 

26... 
27... 
28... 
29... 
30... 
31... 


Mar. 


2,710 
8,855 
1,512 
780 
500 
925 
875 


Apr. 


280 
2« 

'/« 
280 

aw 

280 


'^^and^'hoyt.^''"' ]       HUDSON    RIVER   DRAINAGE    BASIN. 

EstinuUed  wimihhj  discharge  of  Orukany  Creek  near  Ori»kany,  N.  Y.yfor  1904. 
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Month . 

Discharge  in  second-feet 
Maximum.     Minimum.       Mean. 

March  25-31 

3,855 
1,250 

590 
280 

1,577 

April 

536 

STARCH   FACTORY   CREEK   NEAR   NEW   HARTFORD,  N.  Y. 

A  gaging  weir  was  erected  oh  this  stream  above  the  head  of  the 
former  Savage  reservoir  May  26,  1903.  The  stream  flows  in  a  gulf 
300  feet  below  the  general  plateau.  The  weir  has  a  horizontal  iron 
crest  6  feet  in  length  with  end  contractions.  The  weir  gage  is  placed 
6  feet  upstream  from  the  weir  and  is  observed  twice  daily.  The  dis- 
charge is  calculated  by  the  Francis  formula.  In  extreme  freshets,  . 
the  discharge  is  observed  at  a  masonry  intake  dam  a  short  distance 
downstream.  The  drainage  basin  of  Starch  Factory  Creek  includes 
Graefenberg  Creek  and  reservoir,  as  elsewhere  described.  Graefen- 
berg  reservoir  has  a  capacity  of  30,000,000  gallons,  and  water  is 
diverted  therefrom  through  a  12-inch  conduit. 

The  region  tributary  to  Starch  Factory  Creek  consists  of  cleared 
farm  land,  chiefly  sodded  slopes  rising  from  the  stream  to  the  divide 
on  either  side,  a  height  of  300  to  400  feet,  in  a  distance  of  about  1  mile 
from  the  main  stream.  A  limited  number  of  lateral  tributaries  drain 
the  more  remote  portions  of  the  area.  The  stream  is  tributary  to  Mo- 
hawk River  near  Utica,  N.  Y.  The  drainage  basin  is  shown  on  the 
Utica  sheet  of  the  United  States  Geological  Survey  Topographic  Atlas, 
from  which  the  drainage  areas  have  been  taken. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Drainage  areas  of  Starch  Factory  Creek. 

Sq.  miles. 

Above  Graefenberg  reservoir  dam  « 0. 45 

Above  gaging  weir 3. 40 

Above  Savage  reservoir  dam 3. 81 

Above  moutii 6.60 

a  Topographic  area  above  Graefenberg  reservoir  dam.    The  yield  is  developed  from  this  area  by 
tiling  from  springa. 
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STREAM    MEASUREMENTS    IN    1904,   PART    11. 


[xo.  12.^. 


}fean  daily  discharge,  in  second-feel,  of  Starch  Factory  Creek  near  New  Hartford,  X.  Y., 

for  1904. 


Day. 


1. 
•2. 
3. 


5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
•  16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 
6.24 

June. 

July. 

Aug. 
1.68 

Sept. 
0.61 

Oct. 
0.71 

Not. 

Dec. 

1.59 

1.00 

1.22 

a87.00 

1.34 

2.02 

1.18 

i      l.«>! 

1.47 

1.00 

1.28 

b43.75 

8.81 

1.18 

1.34 

4.76 

.56 

.66 

1.06 

.Nl 

I    1.47 

.90 

8.00 

bl6.36 

2.28 

1.18 

1.21 

1.45 

.48 

.56 

1.02 

M 

1.47 

.79 

26.12 

ft  8. 10 

2.15 

5.92 

1.12 

1.18 

.65 

.56 

.96 

.,V5 

1.47 

.79 

3.20 

ft7.05 

2.02 

2.28 

1.75 

.93 

.56 

.56 

.96 

.nh 

1.41 

1.28 

2.22 

ft21.16 

1.81 

1.94 

1.51 

1.06 

.48 

.66 

.96 

.bl 

1.34 

69.88 

8.03 

ft27.50 

1.69 

1.21 

1.18 

.80 

.48 

.71 

.96 

.';i 

1.34 

33.00 

48.45 

ft  16. 60 

1.63 

1.18 

1.06 

.74 

.48 

.56 

.91 

.fil 

I    1.34 

14.00 

9.70 

ft28.00 

1.57 

14.09 

.87 

.74 

.48 

.61 

.86 

.61 

1.22 

13.50 

5.33 

21.80 

1.45 

6.12 

1.63 

.74 

.48 

1.62 

.91 

.61 

•1.22 

10.80 

8.99 

16.80 

1.45 

2.98 

2.15 

.74 

.48 

2.67 

.86 

.06 

1.34 

7.89 

3.29 

17.70 

1.34 

1.75 

2.98 

.74 

.48 

1.49 

.86 

..=« 

1.22 

4.94 

2.40 

7.50 

1.15 

1.21 

2.02 

.74 

.48 

1.06 

.S6 

.i* 

1.22 

4.00 

2.03 

4.80 

1.12 

1.18 

1.21 

.93 

.48 

.96 

.86 

..t6 

1.22 

2.08 

1.90 

5.00 

10.83 

1.27 

1.12 

.68 

1.81 

.86 

.81 

.'ifi 

1.22 

1.53 

1.90 

4.70 

5.54 

2.10 

1.00 

.68 

.81 

.86 

.86 

.58 

.    1.22 

1.72 

1.90 

8.22 

2.82 

1.45 

1.00 

.62 

.56 

.66 

.71 

.i6 

1.10 

1.34 

1.78 

9.20 

1.94 

1.27 

2.10 

.68 

..t6 

.66 

.61 

.66 

•  i.a5 

1.28 

3.73 

5.82 

1.75 

1.21 

1.06 

.59 

.61 

.66 

.61 

.66 

1.00 

1.16 

4.27 

4.40 

2.42 

1.12 

.87 

12.24 

.61 

.66 

.86 

.fi6 

.95 

1.34 

2.«8 

3.65 

2.28 

1.18 

.87 

2.58 

.61 

31.38 

1.19 

.fl6 

1.10 

3.73 

6.86 

6.32 

1.69 

1.18 

.80 

14.72 

..V5 

4.97 

1.08 

.71 

2.09 

2.22 

ft  62. 00 

13.70 

1.33 

1.18 

8.70 

4.01 

.56 

2.90 

.96 

\.> 

'     1.90 

1.72 

ft  46. 00 

7.48 

1.94 

1.18 

1.51 

2.02 

1.02 

1.95 

.91 

7.3r-. 

1     1.59 

1.41 

250.00 

9.54 

1.83 

1.00 

1.06 

1.45 

1.18 

1.68 

1.02 

2.0s 

!    1.34 

1 

1.41 

«221.50 

5.34 

2.98 

2.10 

6.32 

(«) 

1.53 

1.81 

.96 

1.31 

1.22 

1.16 

a  40. 00 

10. 24 

2.74 

2.10 

1.88 

C) 

.86 

2,08 

.91 

21.90 

1.10 

1.16 

a  19. 50 

16. 45 

1.57 

2.10 

2.74 

(^) 

.66 

1.74 

.86 

26.  a) 

1     1.05 

1.22 

a  17. 50 

7.58 

1.27 

1.45 

6.02 

(<') 

1.81 

1.68 

.86 

6.M 

1.00 

a  21. 00 

6.90 

1.39 

1.57 

1.94 

(<^) 

1.36 

1.55 

.96 

3.96 

1.00 

a26.00 

1.69 

1.39 

(«) 

1.24 



3.46 

adO-foo 

t  spilh\ 

ay. 

ftApp 

roxlma 

te. 

tfRep 

airinir  ^ 

ft-eir. 

A NH^'io??.^*^"* J       HUDSON    RIVKR   BRAIN AQK    BASIN. 


HORTON 


87 


Estimated  monthly  diM-harge  of  Starch  Factory  Creek  near  Neiv  Hartford^  N,  F.,  for  1904- 

[DralnaKc  aruA,  .S.40  square  miles.] 


Month. 


January  

February . . , 

March 

April 

May 

June 

July 

August  1-26 
Septeinl)er.. 

October 

November . , 
I>ecember .. . 


Discharge  in  second-feet. 


Maximum. 


2.09 
69.88 
250.00 
87.00 
10.83 
14.09 

6.32 
14.72 

1.81 
31.38 

1.19 
26.20 


Minimum. 


0.95 

.79 

1.22 

3.65 

1.12 

1.12 

.80 

.59 

.48 

.56 

.61 

.56 


Mean. 


1.30 

6.49 

27. 51 

14.89 

2.38 

2.23 

2.01 

2.30 

.74 

2.28 

.91 

2.85 


Corrected 
mean.d 


2.07 
7.26 
28.  27 
15.67 
3.15 
3.00 
2.78 
3.07 
1.51 
3.05 
1.68 
3.62 


Second- 
feet  per 
square 
mile. 


0.609 
2.14 
8.45 
4.61 
.926 
.882 
.818 
.903 
.444 
.897 
.494 
1.06 


-off. 

Rain- 
fall. 

Depth  in 
inches. 

Inches. 

0.702 

1.69 

2.31 

1.79 

9.74 

2.91 

5.14 

3.53 

1.07 

3.61 

.984 

4.82 

.943 

6.94 

.840 

4.34 

.496 

2.79 

1.03 

3.11 

.551 

.60 

1.22 

2.80 

a  including  diversion  to  Qraefenberg  reservoir. 
SYLVAN  GLEN   CREEK   NEAR  NEW   HARTFORD,  N.  Y. 

New  Hartford,  or  Sylvan  Glen,  Creek  is  the  inflowing  stream  trib- 
iitaiy  to  reservoir  No.  4  of  the  Utica  waterworks.  The  stream  con- 
sists of  two  main  branches,  the  larger  flowing  in  a  deep-cut  wooded 
shale  valley,  the  smaller  draining  a  shallow  ravine  and  a  marshy 
divide.  The  flow  of  this  stream  became  very  small  in  May,  1900, 
and  it  may  become  dry  at  times.  The  weir,  which  is  loi'^ated  at  the 
mouth  of  the  stream,  was  erected  in  January,  1904,  by  the  Consoli- 
dated Water  Company,  of  Utica,  N.  Y.,  by  whom  the  record  is  fur- 
nished. The  gage  is  placed  6  feet  upstream  and  is  read  twice  daily. 
The  weir  has  a  central  low-water  notch  2  inches  deep  and  2  feet  long, 
and  a  main  crest  8  feet  long  with  two  end  contractions.  The  drainage 
l)asin,  which  lies  at  an  elevation  of  from  700  to  1,500  feet  above  tide, 
is  shown  on  the  Utica  and  Oriskany  sheets  of  the  United  States  Geo- 
logical Survey  Topographic  Atlas.  It  comprises  chiefl}'  woodland  and 
iwsture  with  some  tillage,  1.18  square  miles  in  extent. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 
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BTBEAM   MEASUREMENTS   IN   1904,  PAKT   II. 


I  NO.  125. 


Mean  daily  dUcharge,  in  second-feel,  of  Sylvan  Glen  Creek  at  New  Hartford^  N.  Y.,  for 

1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

1 

0.16 
.15 
.16 
.14 
.14 
.16 
3.23 
9.61 
4.41 
1.61 
.62 
.36 
.27 
.27 
.26 
.21 
.18 
.15 
.12 
.11 
.10 
.42 
.29 
.26 
.21 
.20 
.15 
.15 
.22 

0.20 

.21 

1.17 

2.27 

.42 

.29 

1.61 

9.53 

3.19 

.96 

.62 

.89 

.32 

.27 

.25 

.'22 

.22 

.22 

.24 

.62 

.37 

1.26 

15. 12 

9.23 

39.61 

27.59 

2.72 

1.10 

1.10 

2.56 

1.68 

11.66 
4.21 
1.83 
1.90 
2.27 
1.90 
6.66 
4.06 
6.41 
4.80 
8.76 
3.86 
1.68 
1.15 
1.09 
1.38 
8.65 
3.26 
1.98 
1.20 
1.90 
1.38 
1.09 

.93 
1.09 

.93 
1.46 
3.96 
1.98 
1.75 

1.88 
.88 
.77 
.60 
.49 
.41 
.38 
.31 
.27 
.23 
.19 
.17 
.16 
.13 
3.56 
1.15 
.60 
.36 
.41 
1.26 
.60 
.40 
.25 
.27 
.21 
1.46 
1.15 
.43 
.32 
.68 
.49 

0.31 
.23 
.'23 
3.29 
.55 
.73 
.34 
.27 
6.16 
1.76 
.73 
.47 
.82 
.26 
7.90 
1.09 
.47 
.32 
.26 
.17 
.21 
.82 
.19 
.13 
.11 
.09- 
.07 
.07 
.18 
.38 

0.26 
.64 
.31 
.12 
.55 
.36 
.17 
.12 
.09 
.29 
13.94 

5.16 

1.81 
.49 
.32 

6.16 
.17 
.47 
.19 
.11 
.10 
.10 

3.76 
.64 
.38 

3.86 
.77 
.99 

2.21 
.73 
.47 

0.64 
.60 
.47 
.26 
.19 
.27 
.20 
.16 
.13 
.15 
.16 
.18 
.13 
.17 
.12 
.08 
.08 
.10 
.09 

4.06 
.99 

4.06 

1.63 
.51 
.36 
.26 
.19 
.15 
.12 
.11 
.10 

0.10 
.10 
.13 
.12 
.09 
.09 
.08 
.10 
.10 
.09 
.08 
.08 
.07 
.09 
.41 
.15 
.10 
.06 
.10 
.13 
.11 
.09 
.08 
.36 
.34 
.38 
.26 
.17 
.38 
.36 

0.16 
.13 
.12 
.12 
.11 
.12 
.11 
.09 
.11 
.40 
.73 
.45 
.34 
.26 
.21 
.20 
.16 
.13 
.12 
.11 
16.01 
1.46 
.82 
.64 
.65 
.64 
.73 
.60 
.43 
.88 
.86 

0.34 
.31 
.31 
.29 
.29 
.26 
.25 
.25 
.23 
.23 
.20 
.21 
.20 
.23 
.21 
.21 
.17 
.13 
.16 
.23 
.27 
.23 
.21 
.19 
.•27 
.21 
.16 
.16 
.15 
.10 

0.20 

2 

.15 

3 

.10 

4 

.09 

6 

.12 

6 

.12 

7 

0.22 
.22 
.22 
.22 
.22 
.20 
.21 
.20 
.20 
.20 
.20 
.16 
.15 
.14 
.14 
.15 
.44 
.32 
.26 
.22 
.22 
.20 
.15 
.15 
.15 

.13 

8 

.13 

9 

.12 

10 

.12 

11 

.10 

12 

.10 

18 

.12 

14 

.11 

15 

.12 

16 

.12 

17 

.12 

18 

.12 

19 

.13 

20 

.15 

21 

.15 

22 

.15 

28 

.47 

24 

2.30 

26 

.60 

26 

.32 

27 

22.07 

28 

'     8.16 

29 

■     2.70 

30 

1.46 

81 

1.20 

HO«TON^0RovK«,-j      HUDSON   BIVEB   DBAINAGE   BASIN. 
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EMimated  montJUy  diacharge  of  Sylvan  Glen  Creek  near  New  Hartford^  N.  Y,,  far  1904. 


[Draimtge  area. 

1.18  square  miles.] 

Discharge  in  second-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  SQuare 

mile. 

Depth  in 
inches. 

January  7-31 

0.44 
9.61 

39.61 

11.65 
3.56 
7.90 

13.94 

4.06 

.41 

16.01 
.34 

22.07 

0.14 
.10 
.20 
.93 
.13 
.07 
.09 
.08 
.07 
.09 
.10 
.09 

«0.21 
.84 

4.05 

2.80 
.64 
.92 

1.43 
.63 
.16 
.86 
.22 

1.36 

0.178 
.712 

3.43 

2.37 
.542 
.780 

1.21 
.449 
.136 
.729 
.186 

1.14 

0.205 

February 

.768 

March 

3.96 

April 

2.64 

May 

.625 

June "... 

.870 

July 

1.40 

Aiijnwt 

.618 

September 

.152 

October 

.841 

November 

.208 

December 

1.31 

The  year 

1.17 

.988 

13.49 

a  Mean  for  25  days  talcen  as  mean  for  entire  month. 


6RAEFENBERO  CREEK  NEAR  NEW  HARTFORD,  N.  Y. 

A  gaging  weir  was  erected  above  the  inflow  to  Graef  enberg  reservoir, 
June  7,  1903,  and  a  standard  rain  gage  was  placed  on  the  adjoining 
meadow  slope  some  distance  from  trees  and  structures.  This  small 
catchment  basin,  having  a  topographic  area,  0.282  square  mile  in 
extent,  is  cleared  farm  land,  chiefly  meadow  and  pasture.^  It  lies 
between  elevations  1,100  and  1,300  feet  above  tide,  and  near  the  sum- 
mit of  the  general  plateau  south  of  Mohawk  River.  The  soil  is  porous 
and  the  stream  is  fed  largely  from  the  ground  water  reserve.*  The 
weir  is  compound  in  form,  5  feet  crest  length  with  two  end  contrac- 
tions and  a  central  notch  2  feet  long  .21  foot  deeper. 

The  discharge  is  calculated  by  the  Francis  formula.  The  gages  are 
read  by  R,  O.  Salisbury,  and  the  record  furnished  by  the  Consolidated 
Water  Company  of  Utica,  N.  Y. 

a  Yield  from  this  area  developed  by  tiling  from  springs  in  surrounding  slopes. 

<>  Other  nearby  stream  channels  have  tributary  areas  of  equal  or  larger  extent  run  dry  in  summer. 
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PrecipUation,  in  inches,  at  Graefenberg  reservoir,  near  New  Hartford,  N,  Y.,/ar  1904- 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

1 
Oct 

Not. 

D«r. 

1 

0.01 
T. 
.41 
.04 

T. 

0.04 
.03 
.01 
.31 

T. 
.57 

T. 

0.86 

T. 
.10 

0.34 
.85 
.50 

0.08 

0.745 
.19 
.195 

0.15 
.02 
.17 

T. 
T. 
T. 
0.19 

T. 
0.02 
.03 

2 

T. 

8 

T. 

4 

1 

aoi 

6 

.90 

.225 

.01 

.09 
.89 
T. 
T. 

.31 
.365 
1.08 
.19 

T. 
T. 

T. 

6 

T. 

.135 

.18 

T. 

1 

04 

7 

T. 
.78 
T. 
.04 

i    T. 

8 

.02 

9 

.05 
.09 
.01 

(«) 

.03 

.23 

.17 

.24 

.05 

T. 

.03 

.52 

« 

T. 
T. 

1.18 
.29 

T. 

.08 
.04 
.01 
.23 

.02 
T. 

T. 

.01 
.22 
.31 
.04 
.13 

OS 

10 

11 

12 

13 

T. 
T. 
.12 
.02 

.03 

.06 

14 

T. 

T. 

16 

0.78 
.75 

.13 

.81 

.76 
.01 

T. 

16 

.10 
.01 

.015 

17 

T. 

18 

.08 
.21 
T. 
T. 
.06 

.41 

.13 

fr» 

19 

.06 

.02 



T. 
.34 
.80 
T. 
T. 
.24 

.32 
.23 
.10 

.35 

.02 

.02 

20 

.03 

1.19 

02 

21 

.14 
.01 
.17 

T. 

.38 
.01 

.005 

.19 
T. 

.25 
.24 
T. 
.26 

.76 
.70 

T. 

T. 

T. 

.08 

.11 

T. 
,1 

.10 

.02 
T. 
.09 
.03 

12 

22 

T. 
.05 
.11 
.03 
T. 

T 

23 

.745 

.30 

T. 

.615 

.065 

.26 

.77 

1.04 
.01 

05 

24 

14 

25 

.18 
.14 

.11 

.005 

.02 

.69 

.07 

.07 

26 

01 

27 

.09 

60 

28 

1  33 

29 

.20 

T. 
.36 

07 

30 

.01 

81 

4.28    ' 

* 

Total 

.71 

1.49 

1 

2.06 

3.505 

3.91 

6.74 

3.20 

2.90 

2.62 

.47 

2..Vi 

a  No  record  January  12-25, 1904. 


""JIS'hovt"*']      HUDSON   BIVBR   DRAIKAOS   BASIN. 
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PredpitaHanf  in  inches, 

at  Savage  resenmr. 

near 

Mica, 

N,  r., 

,  for  1904. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

0.63 
.28 

Aug. 

Sept. 

■r 

Oct. 

Nov. 

Dec, 

1 

0.96 
.11 

0.29 
.62 
.09 

0.07 

0.02 

0.85 
.03 

.78 

.89 

2 

0.06 
.07 
.24 

0.35 
.03 

0.07 
.08 

3 

0.42 
.06 

4 

.72 
.07 
.23 
.05 
.07 
1.42 
.31 

.01 
.70 

6 

.21 

0.06 

6 

0.06 

7 

.76 
.10 
.09 
.03 

.64 

.27 

8 

.06 
.10 

.06 

9 



.11 

.10 
.23 
.21 
.16 
.18 

.07 



.07 
.26 
.41 
.06 
.16 

.07 

10 

.43 

.21 

1.02 

.36 

11 

.09 
.01 
.01 
.84 

....... 

12 

13 

.11 

.14 

14 

.34 

.04 

15 

.09 
.04 
.13 

.19 
.06 

.07 
.37 

1.64 
.12 



1.04 

.03 

.01 

.84 
.06 

16 

.20 

17 

18 

.88 

.46 

.27 

.06 

19 

.10 
.18 

.10 
.81 
.19 

.16 

.04 

20 

1.87 
.76 

.06 

21 

.19 

.10 
.26 

.02 

.21 

1.10 
.96 
.02 
.08 

.10 
.15 

.09 

.17 

22 

.99 

.10 
.18 
.17 
.04 

.07 
.61 

.05 
.28 

23 

.14 

.09 
.61 

.06 
.38 
.02 
.61 
.26 

.42 

1.14 
.01 

1.04 

.46 
.36 

.32 

.21 
.08 
.06 
.12 
.05 

.06 

24 

.17 

25 

.07 

26 

.02 
.40 
.63 

.71 
.14 
.25 
.92 

.02 

27 

.05 

.60 

28 

1.32 

29 

.11 

.09 

SO 

.12 

.48 

.06 

31 

.85 

6.49 

3.61 

1 

Total 

2.68 

2.09 

3.76 

3.69 

4.08 

6.87 

7.14 

3.28 

.78 

8.08 

REELS  GREEK  AND  JOHNSTON  BROOK  NEAR  DEERFIELD,  N.  Y. 

A  gagmg  record  at  the  waterworks  intake  dam  on  Keels  Creek 
was  begun  January  1,  1901.^  In  order  to  secure  a  more  accurate 
record  during  periods  of  diversion,  a  weir  was  constructed  on  the 
shale  rock  stream  bed  just  above  the  intake  dam  in  1903.  A  second 
weir  was  constructed  on  Johnston  Brook,  a  tributary  of  Reels  Creek, 
which  enters  below  the  point  of  gaging  the  latter.  The  calculated 
flow  and  the  precipitation  observed  from  a  standard  rain  gage  at  Deer- 
field  reservoir  are  given  below. 

The  drainage  of  Reels  Creek  lies  on  the  north  slope  of  Mohawk 
River,  to  which  the  stream  is  tributary.  The  tributaries  are  numerous 
and  the  valleys  deep  cut  with  gravel  or  sodded  slopes  favoring  rapid 
discharge  of  storm  waters. 

Johnston  Brook  flows  in  a  deep  valley  whose  tributaries  are,  lying 

a  See  Water-Supply  Paper  No.  82,  p.  82,  and  Water-Supply  Paper  No.  97,  p.  209:  see  also  Report  on 
Stream  Gaugings,  contained  In  Supplement.  Report  of  State  Engineer  and  Surveyor,  New  York,  for 
1902.  pp.  13&-HI.  also  1903.  pp.  94-98. 
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mostly  to  the  north  of  the  stream,  drained  by  short  parallel  feeders 
that  head  well  below  the  divide  and  are  supplied  to  some  extent  from 
ground  storage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Dramctge  areas  of  Beds  Creek. « 


Location. 


Reels  Creek  above  weir 

Reels  Greek  above  Johnston  Brook. . . 

Johnston  Brook  above  weir 

Johnston  Brook  above  mouth 

Reels  Creek  including  Johnston  Brook 
Reels  Creek  above  mouth 


Sqnare  miles. 

Place  to 
I>Iace. 

Total. 

4.42 

4.42 

.05 

4.47 

.78 

.78 

.01 

.79 

.79 

5.26 

4.14 

9.4 

a  From  the  Utica  sheet  of  the  United  States  Geological  Survey  Topographic  Atlas. 
Mean  daily  discharge,  in  second-feet,  of  Reels  Greek  near  Deerfield,  N.  Y.,  for  1904- 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

!)«•, 

1 

2.68 
2.42 
2.23 
2.28 
2.23 
2.16 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
5.92 
17.80 
8.04 
5.65 
4.04 
4.04 
4.04 
3.69 
3.52 
3.21 

3.52 
3.21 
2.90 
2.68 
2.49 
2.98 
13.41 
9.75 

8.94 
7.70 
6.17 
4.57 
3.52 
2.75 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
3.06 
2.90 
2.55 
2.49 
2.49 
2.75 
2.62 

2.49 

2.75 

4.21 

19.62 

28.50 

61.85 

99.20 

65.00 

9.10 

8.85 

9.00 

9.00 

9.00 

9.00 

10.50 

7.70 

7.92 

7.81 

8.04 

10.14 

9.61 

8.72 

24.31 

19.43 

92.80 

197.00 

175.60 

49.90 

33.60 

30.50 

35.20 

30.50 
44.80 
30.50 
30.50 
30.50 
32.80 
82.00 
50.10 
44.80 
49.10 
76.00 
115.20 
30.50 
45.10 
18.00 
15.30 
14.00 
18.70 
13.60 
8.30 
9.00 
10.50 
13.60 
10.50 
12.00 
14.40 
24.50 
30.50 
19.50 
29.60 

28.50 
6.80 
3.40 
2.40 
2.40 
2.40 
2.40 
2.40 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
30.50 
23.50 
9.00 
2.90 
2.40 
12.00 
6.20 
2.40 
2.40 
6.80 
8.30 
22.60 
27.60 
7.70 
2.90 
8.30 
7.70 

17.80 

33.90 

6.00 

3.40 

38.70 

10.50 

9.00 

30.60 

144. 10 

99.40 

.45 
.38 
.31 
.31 
.31 
2.78 
1.60 

0.54 

1.91 

1.10 

.50 

1.10 

1.38 

.74 

.34 

.31 

1.10 

.64 

.74 

.54 

.31 

.21 

.17 

.17 

.79 

.31 

.21 

.17 

.17 

7.26 

2.93 

1.27 

9.22 

1.70 

.93 

1.32 

.64 

.31 

0.17 
.19 
.24 
.17 
.28 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 

6.74 

3.01 

7.26 

2.11 

.79 

.24 

.17 

.17 

.17 

.17 

.17 

0.17 

.17 

.17 

.45 

.21 

.17 

.17 

.17 

.17 

.17 

.17 

.17 

.17 

.17 

.17 

.17 

.17 

.17 

1.50 

2.41 

1.70 

.45 

.17 

1.10 

2.48 

1.10 

.54 

.24 

8.92 

4.36 

1.70 
.54 
.31 
.31 
.31 
1.38 
1.04 
1.04 
l.M 
1.38 
1.77 
3.58 
8.82 
3.42 
3.25 
2.78 
2.26 
2.04 
1.50 
1.27 

11.78 
7.16 
5.06 
3.74 
4.00 
3.82 
3.74 
3.74 
3.'74 
3.42 

2.98 
2.78 
2.18 
2.04 
2.04 
1.91 
1.50 
1.38 
1.32 
1.27 
1.22 
1.16 
1.16 
1.16 
1.16 
1.16 
1.16 
1.16 
1.16 
1.91 
1.77 
1.44 
1.32 
L27 
1.38 
.98 
.79 
.74 
.74 
.98 

0..S3 

2 

.74 

8 

.ao 

4 

..*« 

5 

.46 

6 

.45 

7 

.45 

8 

.45 

9 

.45 

10 

.45 

11 

.45 

12 

.45 

13 

.45 

14 

.45 

15 

.45 

16 

.46 

17 

.45 

18 

.45 

19 

.45 

20 

.45 

21 

.45 

22 

.45 

23 

1.U4 

24 

25 

26 

1.91 

27 

28 

29 

80 

31 

I 

'^'^f^S^'io??!'"']       HUDSON   RIVER   DRAINAGE   BASIN. 

EstimaUd  monthly  discharge  of  Reeh  CJreek  near  DeerfiM,  N.  Y.^for  1904, 

m 

[Drainage  area,  4.5  square  miles.] 
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Month. 


Discharge  in  second-feet. 


Maximum. 


January 

February,  27  ilays 

March 

April 

May 

June,  17  days 

July 

August,  30  days 

September 

October,  30  days 

November 

December,  24  days 


17.80 

13.41 

197.00 

115.20 

30.50 

14.41 

9.22 

7.26 

4.36 

11.78 

2.93 

1.91 


Minimum. 

2.10 

2.49 

2.49 

8.30 

1.80 

.31 

.17 

.17 

.17 

.31 

.74 

.45 


>et. 

Run-off. 

Rainfall. 

Mean. 

Second-feet 

per  square 

mile. 

Depth  In 
inches. 

Inches. 

3.40 

0.756 

0.872 

4.62 

4.01 

.891 

.895 

3.85 

34.38 

7.64 

8.81 

2.97 

31.81 

7.07 

7.89 

2.64 

7.69 

1.71 

1.97 

4.17 

23.49 

5.22 

3.30 

6.16 

1.26 

.280 

.323 

4.63 

.83 

.184 

.205 

4.87 

.78 

.173 

.193 

4.51 

2.83 

.629 

.702 

3.87 

1.44 

.320 

.367 

.27 

.57 

.127 

.113 

3.36 

Mean  daily  discharge,  in  second-feetf  of  Johnston  Brook  near  Deerfield,  N,  Y.y  for  1904' 


Dsj. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22- 

2:j. 

24- 
•25. 
26. 

27. 
2.S. 
29. 
30. 
31. 


Jan.     Feb. 


0.46 
.45 
.46 
.46 
.46 
.46 
.46 
.45 
.45 
.46 
.45 
.46 
.46 
.60 
.50 
.60 
.60 
.50 
.60 
.50 
.60 
1.06 
4.10 
1.40 
.60 
.55 
.65 
.56 
.66 
.55 
.66 


0.60 

.60 

.60 

.60 

.60 

.64 

7.12 

2.81 

1.U8 

1.66 

1.46 

1.06 

.67 

.62 

.60 

.50 

.60 

.50 

.60 

.50 

.50 

.50 

.78 

.87 

.60 

.60 

.50 

.78 

.92 


0.87 
.87 
1.68 
1.46 
1.86 
6.68 
8.00 
2.84 
1.46 
1.86 
1.86 
1.86 
1.86 
1.86 
1.30 
1.80 
1.86 
1.46 
1.46 
1.87 
1.87 
2.31 
10.86 
3.76 

(») 
(«) 
(«) 

(«) 
2.58 
8.80 
2.18 


8.00 
6.06 
4.42 
2.92 
2.71 
4.79 
12.64 
6.06 
4.42 

(^) 
10.60 
10.85 
4.70 
8.88 
1.68 
1.68 
2.06 
2.84 
1.62 
1.81 
1.56 
1.46 
1.25 
1.15 
1.41 
1.31 
1.99 
7.67 
3.88 
1.87 


May. 

June. 
1.00 

July. 

Aug. 

8.22 

0.84 

0.18 

1.68 

.40 

1.00 

.18 

1.00 

.87 

.28 

.40 

.74 

.87 

.18 

.18 

.64 

3.69 

.74 

.18 

.47 

4.02 

.57 

.80 

.47 

.52 

.24 

.18 

.44 

.87 

.18 

.18 

.42 

(«) 

.18 

.18 

.40 

.92 

1.16 

.18 

.87 

.57 

.26 

.18 

.87 

.42 

.42 

.18 

.87 

.87 

.26 

.18 

.87 

.64 

.18 

.18 

4.61 

1.20 

.18 

.18 

2.71 

.57 

.18 

.18 

.92 

.87 

.18 

.18 

.69 

.37 

1.31 

.18 

.37 

.37 

.21 

.18 

2.W 

.37 

.IH 

(«) 

l.IO 

1.51 

.18 

4.02 

.42 

1.61 

AH 

1.62 

.37 

.47 

3.46 

1.93 

1.00 

.19 

.67 

.37 

1.10 

.18 

.18 

.21 

8.61 

.18 

2.61 

.18 

2.71 

.18 

.32 

.18 

.42 

.18 

.22 

.18 

.87 

3.07 

.18 

.18 

.82 

.50 

.18 

.18 

.92 

.18 

.18 

0.18 
.18 
.26 
.22 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.52 
.18 
.18 
.18 
1.87 
1.31 
.30 
.18 
.18 
.92 
1.93 
1.31 
.26 
.18 

(«) 
1.87 


Oct. 

Nov. 

0.40 

0.87 

.18 

.84 

.18 

.80 

.18 

.80 

.18 

.80 

.24 

.28 

.18 

.24 

.18 

.24 

.18 

.22 

1.74 

.18 

2.24 

.18 

2.44 

.18 

1.56 

.18 

.74 

.18 

.78 

.18 

.87 

.18 

•  .32 

.18 

.30 

.18 

.80 

.18 

.26 

.26 

10.28 

.25 

2.71 

.21 

1.31 

.21 

.57 

.21 

.47 

.25 

.57 

.24 

.57 

.18 

.57 

.18 

.57 

.18 

.57 

.21 

.60 

UGCm 

0.21 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.24 
2.06 
.78 
.80 
.82 
7.46 
2.44 
1.81 
.54 


a  Discharge  exceeds  capacity  of  weir;  record  not  available, 
b Repairing  weir;  rt'<'or<l  not  available. 
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Estimated  monthly  discharge  of  Johnston  Brook  near  Deerfield,  N.  Y,,  for  1904- 

[Drainage  area,  0.79  square  mile.] 


Month. 


January 

February 

March,  27  days 

April,  29  days 

May 

June,  29  days 

July 

Augrust,  30  days 

September,  29  days 

October 

November 

December 


Maximum. 


4.10 
7.12 

12.64 
4.61 

(«) 
3.46 

(«) 

(«) 
10.28 

.37 

7.46 


"e  in  second-feet. 

Minimum. 

Mean. 

0.46 

0.66 

.50 

.99 

.87 

2.60 

1.16 

4.06 

.37 

1.15 

.18 

.86 

.18 

.63 

.18 

.43 

.18 

.48 

.18 

1.02 

.13 

.22 

.12 

.60 

Run-off. 


!  RainiaU. 


Second-feet 

per  SQuare 

mile. 


I 


Depth  in 
inches. 


Inches. 


0.823 
1.26 
3.16 
5.14 
1.46 
1.09 
.671 
.644 
.608 
1.29 
.278 
7.69 


0.949 
1.34 
3.17 
5.64 
1.68 
1.18 
.774 
.607 
.656 
1.49 
.310 
.875 


4.62 
.3.8.=^ 
2.97 
2.64 
4.19 
6.16 
4.6S 
4.87 
4..M 
3.87 


,27 


3.36 


a  Discharge  exceeds  capacity  of  weir;  record  not  available. 
Precipiiatimi,  in  inches,  at  Deerfield  reservoir,  near  Deerfield,  N.  Y.^for  J904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov, 

D«*c. 

1 

0.02 
.12 

0.80 
.32 

2 

0.65 

0.75 

0.57 

0.06 

3 

0.60 

' 

4 

.06 
.04 
.74 
.94 

0.52 
.52 

0.1U 

5 

.65 

.17 

.90 

6 

.44 

0.45 

1  . 

7 

.06 

.10 

8 

.25 

2.03 
.25 

.25 

9 

.05 

.36 

10 

.12 

.08 

.70 
.40 
.30 

1 

1 

11 

.32 
.08 
.12 

12 

.26 

13 

.12 

.13 

14 

1.08 

.05 

.04 

.39 
.38 

15 

.25 

1.49 
.08 

.32 

1 

16 

.22 

1 

17 

18 

.22 

.26 

.77 

.82 

.78 

.111 

.i:> 
.11 

19 

.03 

20 

.02 

.88 

1.20 

.68 
.32 

.51 

2.00 

1.26 

.65 

0.05 

21 

1.75 

22 

.24 
.40 
.16 

.72 

.92 

1.08 

23 

.48 

1 

24 

.48 

( 

26 

.23 
.40 

....... 

.17 
.20 

.22  1 

26 

.82 

.45 

.40 
.20 
.10 
.12 

2.64 

.66 

.08 

.32 

27 

28 

.45 
.60 

.36 

...... .| 

2.10 

29 

.41 
.08 

.52 
.12 

.92 

30 

- 1 

.4:^ 

31 

.45 

1 

4.62 

4.63 

4.87 

Total .... 

3.85 

2.97 

4. 17       6. 16 

4.61       3,87 

1              1 

.27  1     a-:» 

1 
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NAIL  CREEK   AT  UTICA,  N.  T. 

The  record  of  the  flow  of  this  stream,  obtained  at  a  weir  at  the  foot 
of  the  water-supply  pond  of  the  Globe  Woolen  Mill,  Utica,  N.  Y., 
has  been  furnished  by  William  S.  Bacot,  civil  engineer.  The  weir 
consists  of  ei^ht  notches,  each  1  foot  in  length  and  1  foot  in  depth, 
cut  in  i-inch  steel  plates  attached  to  the  upstream  side  of  the  waste 
gates  of  the  pond  mentioned.  The  depth  of  overflow  is  observed  on 
a  vertical  enameled  iron  gage,  divided  to  feet  and  hundredths,  located 
1)  feet  upstream  from  the  weir.  Outflow  takes  place  from  a  still  pond. 
The  waste  gates  to  which  the  weir  is  attached  are  practically  water- 
tight. The  very  slight  leakage  occurring  has  been  estimated  and 
allowed  for,  together  with  water  diverted  for  use  in  the  adjoining  mills. 
Four  of  the  weir  notches  are  placed  2  inches  below  the  remaining 
four  not(;hes.  The  lower  notches  take  the  entire  ordinary  flow  of  the 
sti'eam.  The  pond  above  the  weir  has  an  area  of  1.4  acres,  and  a  slight 
error  may  be  introduced  in  the  results  on  windy  days  by  water  slop- 
ping over  the  crests  of  the  higher  notches. 

The  effective  drainage  area  at  the  weir  is  less  than  the  natural  drain- 
age area,  owing  to  diversion  to  the  combined  sewer  system  of  the  city 
in  the  lower  portion  of  the  watershed.  The  drainage  area  is  nearly 
all  heavily  sodded  land,  comprising  suburban  plats  and  pasturage.  It 
contains  possibly  5  per  cent  of  cultivated  area  and  an  equal  percentage 
of  hard  earth  roads  and  pavements.  Perhaps  10  per  cent  is  sparsely 
timber  covered.  The  entire  area  is  underlaid  with  slate  shale,  usually 
at  a  depth  of  from  2  to  5  feet  below  surface,  and  the  soil  is  heavy  clay, 
with  occasional  gravel  and  loam.  The  basin  comprises  an  upper  and 
a  lower  plateau;  the  main  tributaries  rise  in  the  steep  side  slopes  of 
the  upper  plateau,  which  are  often  deeply  serrated,  forming  gulfs 
from  which  springs  issue,  excepting  in  unusual  droughts.  The  lower 
plateau  is  more  or  less  swampy  near  the  margin  of  the  hills.  The 
upper  plateau  contains  a  large  cemetery,  in  which  are  numerous  arti- 
ficial drains,  also  a  number  of  small  ponds.  The  drainage  areas  are 
shown  on  the  Oriskany  and  Utica  sheets  of  the  United  States  Geo- 
logical Survey  Topographic  Atlas.  The  drainage  from  the  plateau  is 
received  on  the  north  in  an  artificial  ditch  following  the  highway  and 
which  separates  the  area  tributary  to  the  stream  from  the  urban  dis- 
trict. Below  the  junction  of  the  main  branches,  the  stream  flows  in 
the  abandoned  channel  of  the  Chenango  cimal,  in  which  one  branch  of 
the  stream  flows  from  its  source.  In  unusual  freshets  the  artificial 
channel  carrying  the  north  branch  of  the  stream  underneath  the 
street  for  a  distance  of  about  1,000  feet  is  of  insufScient  capacity,  and 
the  overflow  passes  directly  into  the  city  sewers  and  is  diverted  from 
its  natural  course. 
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Drainage  areas  of  Nail  Creek.<* 

Sq.  miles. 

Natural  area  above  Globe  Woolen  Mill 4. 32 

Effective  area  prior  to  August  31,  1904 3.66 

Effective  area  after  August  31,  1904 3.49 

Upland  area  above  600  contour 1.40 

Mean  daily  discharge,  in  second-feet,  of  Nail  Creek  at  Vticaf  N.  1'.,  for  1904- 


Day. 

Jane. 

July. 

Aug. 

Bept 

Oct. 

Day. 

June 

July. 

Aug. 

Sept. 

OcC 

1             

1.61 
2.26 

1.81 
1.56 

0.60 
.81 

1.07 

1.10 
1.08 
1.10 

17 

0.69 

2    

18 

1.32 
1.14 
1.14 
1.14 
1.14 
5.54 

0.69 

.99 

1.81 

1.68 
4.19 
2.17 
1.74 
1.61 
1.44 

.84 

8       

19 

,88  I 

4    

.76 

20 

.81    

5 

1.74 
1.68 
1.32 
1.49 
1.28 

21 

.84    

6 

22 

.81    

7 

.92 
.88 
.88 
.92 
.92 

1.10 
.78 
.81 

1.68 
.81 

23 

.88   

8 

24 

1.08 

9 

26 

1.18 
4.29 
2.40 
1.61 
4.39 
1.95 

1 

10 

26 

.88 
1.07 
1.10 
1.10 
1.95 

11 

1.68 
8.62 
3.15 
1.88 
2.02 
1.32 

1.10 
1.14 

27 

1.82 
1.72 
1.61 
1.82 

12 

28 

13 

29 

14 

30 

16 

31 

16 

Estimated  monthly  discharge  of  Nail  Creek  at  Utica,  N.  Y.,for  1904* 
[Drainage  area  preceding  August  31, 1904,  3.66;  succeeding  August  81, 1904.  8.49  square  mllesw] 


Month. 


June,  4  days 

July,  26  days 

August,  14  days 

September,  25  days 
October,  4  days 


Discharge  in  second-feet. 


Maximum  .a 


Minimum. 


Mean. 


1.49 
2.09 
1.63 
.96 
1.08 


Run-o£P. 


Second-feet 

per  square 

mile. 


0.407 
.571 
.445 
.276 
■  vKfSf 


Depth  in 
inches. 


0.061 
.531 
.232 
.257 
.046 


a  Part  of  maximum  flow  diverted. 


WEST  CANADA  GREEK  AT  TWIN   ROOK  BRIDGE,    N.    Y. 

A  current-meter  gaging  station  was  established  at  Twin  Rock  Bridge, 
September  7,  1900,  by  R.  E.  Horton.  A  gage  board,  divided  deci- 
mally, is  attached  to  the  upstream  side  of  the  right-hand  abutment, 
the  coping  of  the  abutment  over  the  gage  being  used  as  a  bench  mark. 


a  From  the  Utlca  sheet  of  the  United  States  Geological  Survey  Topographic  Atlas. 
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The  bridge  is  167.5  feet  long  between  abutments,  and  consists  of  two 
spans.  The  bed  is  of  gravel  and  cobble,  and  the  entire  flow  passes 
underneath  at  all  stages.  In  the  winter  the  stream  becomes  completely 
ice  covered,  requiring  special  discharge  measurements.  The  gage  is 
read  twice  each  day  by  George  Rood,  and  the  record  is  furnished  by 
the  Utica  Gas  and  Electric  Company.  The  drainage  area  is  shown  on 
the  Utica,  Little  Falls,  Remsen,  Wilmurt,  Old  Forge,  and  Canada  Lakes 
sheets  of  the  United  States  Geological  Survey  Topographic  Atlas. 
There  are  about  fifty  small  lakes  and  a  few  undrained  ponds  in  the 
watershed  of  the  stream.  Most  of  these  are  situated  near  the  head- 
waters and  above  the  gaging  station,  the  largest  single  water  surface 
being  Honnedaga  Lake,  1.4  square  miles  in  extent.  There  is  also  a 
small  amount  of  controllable  storage  in  reservoirs  formed  by  three 
dams.  Swamps  and  marshes  are  numerous  in  the  region  of  the  head- 
waters, usually  adjoining  lakes  and  tributaries  and  having  an  extent 
of  one-half  square  mile  or  less  each.  Much  of  the  region  above  the 
gaging  station  is  timber  covered.  There  are  extensive  sand  areas  in 
the  central  and  upper  drainage  basins.  The  soil  of  the  upper  water- 
shed is  underlaid  by  granitic  gneiss  usually  at  or  near  the  surface, 
excepting  in  alluvial  valleys.  From  a  point  just  above  Twin  Rock 
Bridge  and  extending  downstream  beyond  Trenton  Falls  the  underly- 
ing  geological  formation  is  Trenton  limestone.^ 

Compacted  snow  accumulates  in  the  woodlands  in  winter,  often  to  a 
depth  of  3  or  4  feet,  and  representing  an  inch  of  water  for  each  5  or  6 
inches  of  snow.  This  melts  slowly,  feeding  the  stream  in  March  and 
April,  which  months  may  show  a  run-off  greatly  exceeding  the  pre- 
cipitation. The  drainage  area  above  Twin  Rock  Bridge  is  364  square 
miles;  above  Trenton  Falls,  375  square  miles.  During  the  present 
season  a  Frieze  self-recording  gage  has  been  erected  at  Trenton  Falls 
dam.  Tests  by  weir  to  determine  the  discharging  capacity  of  the 
turbines,  which  are  a  special  Swiss  design,  have  been  made  by  the 
power  company. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

a  For  geological  descrlplion  of  Trenton  FallH  see  paper  by  C.  S.  Proaser  and  E.  R.  Cumings  in 
Report  of  New  York  State  Museum,  1885,  pp.  619-628. 
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Discharge  meagaremenis  of  West  Caruida  Creek  at  Tivin  Rock  Bridge,  N.  K.,  m  I904. 


Date. 

Hydrogrrapher. 

Area. 

Mean 
velocity. 

Gage 
heiibt. 

Discharge, 

June 3 

C.  A.  Swancott 

Sq.Jeet. 
547 
404 
394 
580 
575 
645 
455 

Fbtt  per  tec. 

0.85 

.75 

.67 

1.03 

1.26 

1.77 

.86 

FeeL 
2.18 
1.30 
1.45 
2.48 
2.33 
2.83 
1.63 

Seconfi-ftfi , 
4ft3 

August  4 

do 

.304 

August  30 

do 

«265 

September  19 . . 
October  8 

Horton  and  Evans 

A.  M.  Evans 

^597 
728 

October  15 

do 

1, 142 

November  21  . . 

Weeks  and  Swancott 

394 

a  Log  jam  at  center  pier. 


f>  Log  jam  below  section. 


Mean  daily  gage  height,  in  feel,  of  West  Canada  Creek  at  Twin  Rock  Bridge,  N.  >".,  for 

1904. 


Day. 


1 

3.40 

2 

S.f^ 

3 

2.00 

4 

2.00 

6 

2.00 

6 

2.00 

7 

2.05 

8 

9 

2.20 

10 

2.80 

11 

2.80 

12 

1.09 

13 

14 

1.07 
2.00 

16 

1.90 

16 

1.80 

17 

2.06 

18 

2,02 

19 

2.18 

20 

2.80 

21 

2.32 

22 

2.40 

23 

2.40 

24 

2.50 

25 

2.75 

26 

2,26 

27 

2.50 

•28 

29 

2.40 
2.85 

30 

2.50 

31 

2.30 

Feb. 

Mar. 
2.60 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

• 

2.20 

8.82 

7.70 

2.85 

8.40 

2.80 

LOO 

2.10 

2.68 

4.48 

8.95 

2.45 

8.86 

2.00 

LIO 

2.10 

2.80 

4.46 

8.55 

2.22 

8.70 

1.60 

L55 

2.05 

2.88 

3.68 

8.40 

2.00 

8.15 

1.20 

4.00 

2.12 

8.50 

8.52 

8.60 

3.45 

8.46 

LOO 

8.60 

2.00 

8.50 

8.48 

8.80 

8.16 

4.86 

4.15 

8.10 

2.16 

8.45 

8.80 

8.35 

3.00 

8.65 

2.90 

2.56 

3.20 

4.85 

4.50 

8.20 

•  4.40 

2.05 

2.65 

2.16 

3.80 

5.15 

7.00 

7.20 

6.90 

2.10 

8.10 

2.10 

2.00 

4.85 

9.00 

6.10 

8.45 

2.00 

1.70 

2.00 

8.90 

4.46 

7.42 

4.45 

4.45 

1.20 

1.45 

2.15 

3.60 

4.25 

5.70 

8.40 

8.40 

1.20 

1.45 

2.10 

3.30 

8.76 

4.88 

8.50 

8.00 

1.50 

1.40 

8.05 

3.20 

8.50 

4.85 

8.26 

2.25 

1.50 

1.46 

8.45 

2.95 

8.80 

8.62 

2.60 

2.20 

L20 

L55 

8.66 

2.85 

8.00 

2.85 

6.00 

2.85 

1.50 

.80 

8.66 

2.65 

2.82 

2.80 

5.80 

2.25 

L50 

.80 

2.60 

2.50 

2.80 

2.96 

6.00 

2.12 

1.40 

L20 

2.20 

2.38 

2.75 

2.75 

4.00 

2.00 

LSO 

LIO 

2.40 

2.40 

2.88 

2.62 

4.26 

1.90 

L25 

6.50 

8.00 

2.40 

2.80 

2.45 

5.65 

1.96 

LOO 

9.60 

4.25 

2.68 

2.85 

2.60 

4.80 

2.12 

LOO 

7.50 

3.40 

3.40 

3.25 

8.00 

4.18 

2.95 

.90 

6.45 

2.75 

3.58 

4.20 

8.95 

8.16 

2.50 

.95 

6.05 

8.30 

8.35 

4.95 

7.50 

8.56 

2.15 

L20 

8.05 

6.76 

8.05 

6.06 

7.82 

4.15 

2.00 

L66 

8.05 

5.75 

8.00 

7.80 

7.86 

4.65 

2.16 

2  50 

2.90 

5.15 

3.00 

6.80 

7.80 

4.70 

1.00 

2.65 

2.50 

4.55 

2.80 

5.70 

7.86 

8.76 

2.05 

2.55 

1.95 

8.40 

4.82 

8.06 

3.86 

2.80 

2.60 

1  46 

7.66 

4.12 

2.35 

2.50 

L26 

6.15 
3.60 
8.45 
2.05 
2.25 
2.45 
2.40 
2.80 
2.22 
8.50 
7.10 
7.00 
5.40 
8.20 
2.50 
2.35 
2.40 
2.85 
2.20 
2.10 
8.85 
5.85 
4.45 
3.55 
8.15 
2.30 
2.00 
2.35 
2  50 
2.85 
2.20 


2.10 
2.40 
2.25 
2. 80 
2.20 
1.90 
1.78 
L72 
1.80 
1.85 
L70 
l.GO 
L55 
L42 
1.45 
1.00 
LOO 
LOO 
LOO 
L60 
1.68 
1.68 
LOO 
L72 
LSO 

Lao 

L40 
L40 
L40 
L90 


Dec. 


LS5 
l.SS 

Lao 

1.90 
1-20 
LJO 
1.15 
1.15 
1.10 
1.70 
1.48 
2.10 
2.35 
.90 
1.05 
1.00 
1.00 
1.55 
1.00 
1.00 
1.10 
1.10 
1.20 
1.3D 
2  tJD 
2-  00 

2.20 

2.90 
3.40 


Note.— Ice  corrections  made  to  gage  heights  and 
November  27  to  December  81, 1904. 


ice  curve  applied  January  1  to  March  22  and 
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Mean  daily  diachargey  in  aetxmd-feeif  of  Wtd  Canada  Creek  at  Thvin  Rock  Bridge^  N,  T., 

for  J904. 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2ft. 
26. 
27. 
2S. 
29. 
30. 
31. 


Jan.a 


712 
780 
220 
220 
220 
220 
287 

(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
(ft) 

287 
228 
280 
822 
330 
356 
856 
890 
475 
805 
890 
356 
339 
890 
822 


Feb.a  Mar.ae 


288 
254 
254 
287 
262 
220 
220 
679 
816 
509 
800 
790 
617 
579 
492 
458 
890 
339 
296 
805 
305 
398 
655 
721 
636 
926 
904 
904 
492 


424 

450 

492 

620 

750 

750 

TBI 

1,140 

1.560 

1,890 

1,190 

1,090 

860 

750 

670 

660 

500 

490 

475 

520 

492 

1500 

«2,055 

3,040 

3,900 

5,260 

7,710 

6,260 

4.810 

3,750 

2,960 


Apr.« 


2,680 
8,850 
8,820 
2,480 
2,880 
2,270 
2,610 
8,880 
6,540 
9,640 
7,150 
<810 
8,810 
3,210 
2,820 
1,690 
1,650 
1,770 
1,610 
1.500 
1,860 
1,480 
1,820 
2,760 
7,260 
7,010 
7,040 
7,710 
7.790 
8,090 


May.e 

June.c 

July.* 

Aog.o 

Sept.« 

Oct.o 

Nov.«e 

4,680 

468 

866 

464 

210 

2,960 

898 

6,140 

496 

1,100 

870 

224 

900 

482 

5,680 

488 

1.010 

298 

289 

878 

440 

5,450 

870 

746 

288 

1,180 

884 

464 

5,700 

878 

878 

210 

966 

440 

426 

5,950 

746 

1,420 

1,280 

724 

496 

852 

5,890 

680 

928 

646 

727 

482 

S» 

5.210 

1.450 

884 

629 

412 

464 

820 

4,070 

2,700 

898 

724 

896 

488 

884 

2,900 

5,510 

870 

816 

870 

900 

843 

1.490 

1,490 

288 

278 

412 

8.960 

816 

856 

856 

288 

278 

896 

3,850 

298 

900 

680 

280 

266 

702 

2,240 

289 

790 

440 

280 

278 

878 

768 

270 

544 

426 

288 

289 

928 

610 

278 

2,800 

468 

280 

190 

964 

468 

296 

2,610 

440 

280 

190 

610 

482 

298 

1.900 

406 

266 

288 

426 

629 

298 

1.180 

870 

252 

224 

482 

426 

296 

1,850 

352 

246 

3,820 

680 

898 

298 

2,880 

861 

210 

<i6,8e0 

1,880 

5,890 

811 

1,880 

406 

210 

4,400 

856 

2,660 

811 

1,800 

668 

200 

8,270 

695 

1,490 

298 

746 

510 

206 

1,940 

812 

928 

.820 

928 

412 

288 

702 

8,580 

746 

262 

l,-280 

870 

289 

702 

2,970 

464 

262 

1,680 

412 

610 

646 

2,080 

370 

256 

1,670 

210 

561 

610 

1,560 

468 

256 

1,040 

884 

827 

861 

856 

510 

256 

884 

454 

610 

278 

4,460 

468 

242 

468 

610 

246 

426 

Dec.a 

248 
248 
242 
214 
202 
202 
197 
197 
192 
270 
288 
884 
884 
170 
185 
180 
180 
250 
190 
190 
200 
200 
210 
224 
348 
843 
884 
384 
426 
595 
790 


1  January  1  to  March  22,  and  November  27  to  December  81,  from  ice  curve. 

if  Record  not  available. 

cHav  I  to  November  26  from  curve  for  obstructed  channel. 

d  Estimated;  above  curve. 

'  March  23  to  April  30,  Incluaive,  from  curve  for  unobstructed  channel. 
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STREAM   MEASUREMENTS   IN   1904,  PART   II. 


[NO.  125. 


EsthncUed  monthly  discharge  of  West  Canada  Creek  al  Twin  Rock  Bridge^  N,  V.,  forl904. 

[Drainage  area,  864  square  miles.] 


Month. 


January,  22  days 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


DischaiK®  in  second-feet. 


Maximum. 


750 

926 

7,710 

9,640 

6,140 

5,510 

1,420 

6,860 

4,460 

5,390 

482 

790 


Minimum. 


220 
220 
424 
1,360 
468 
210 
200 
190 
210 
370 
242 
170 


Mean. 


348 

505 

1,808 

4,013 

2,553 

795 

473 

984 

1,019 

1,160 

319 

278 


Run-off. 


Seoond-feet 

per  square 

miJe. 


0.956 
1.39 
4.97 
11.00 
7.01 
2.18 
1.30 
2.70 
2.80 
3.19 
.876 
.764 


Depth  in 
incbeft. 


0.782 
1.50 
5.73 
12.28 
8.08 
2.43 
1.50 
3.11 
3.12 
3.68 
.978 
.881 


EAST  CANADA  GREEK  AT  DOLGEVILLE,  N.  T. 

This  creek  rises  in  Hamilton  County,  flows  southward  between 
Herkimer  and  Fulton  counties,  and  empties  into  Mohawk  River  at 
East  Creek.  A  portion  of  the  stream  and  drainage  area  is  included 
on  the  Little  Falls  sheet  of  the  United  States  Geological  Survey  Topo- 
graphic Atlas.  Observations  are  taken  at  High  Falls,  near  Dolgeville^ 
about  7  miles  from  the  outlet  of  the  stream.  The  gaging  station  is 
located  at  the  dam  of  the  Herkimer  County  Light  and  Power  Com- 
pany. Readings  of  the  depth  on  the  crest  are  taken  from  a  vertical 
gage  board  attached  to  the  bulkhead,  6  feet  upstream,  twice  each  day 
by  Willard  Hayward.  The  mean  of  the  readings  is  used  in  computing 
the  discharge.  A  record  is  also  kept  of  the  run  of  the  water  wheels 
and  the  elevation  of  water  in  the  tailrace. 

The  dam  is  of  rubble  masonry  19  feet  high  and  has  a  flat  crest  6 
feet  in  width  and  190.25  feet  long  between  abuttnents.  The  elevation 
of  the  upstream  edge  of  the  crest  is  1  foot  below  that  of  the  lip.  The 
impounded  water  is  conducted  to  the  power  house,  500  feet  below  the 
dam,  through  a  wrought-iron  flume  10  feet  in  diameter.  The  record 
since  January  1,  1903,  has  been  computed  from  a  discharge  curve 
based  on  United  States  Geological  Survey  experiments  on  a  full-sized 
model  of  the  dams  made  at  Cornell  University.  The  flow  through  the 
turbines  for  this  period  has  also  been  computed  from  current-meter 
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nieaHurements  made  in  the  tailrace  of  the  electric-power  plant,  instead 
of  from  the  manufacturers'  rating  tables  for  the  water  wheels,  a« 
formerly.  The  turbines  are  of  a  special  Victor  cylinder  gate  type; 
the  two  main  wheels  are  each  36  inches  in  diameter  and  their  speed 
is  controlled  by  Lombard  governors.  Spruce  Creek  is  the  principal 
tributary  of  East  Canada  Creek.  It  enters  East  Canada  Creek  1  mile 
above  Dolgeville  and  drains  an  area  of  50  square  miles.  Water  is 
diverted  from  this  stream  at  Diamond  Hill  and  from  Beaver  Creek, 
one  of  its  tributaries,  and  is  carried  to  Little  Falls  through  a  vitrified 
conduit  9  miles  in  length.  The  water  supply  of  Dolgeville  is  taken 
from  Cold  Brook,  a  tributary  of  East  Canada  Creek.  No  allowance 
for  diversion  for  water  supply  has  been  made  in  computing  the  run-off 
for  East  Canada  Creek. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Mean  daily  digcharge,  in  aecond^fed,  of  East  Canada  Creek  ai  Dolgeville j  N,  K,  for  190S 

and  1904. 


Day. 


190S. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

81 


Jan.d 


669 
826 
917 

1,210 
881 
939 
762 
667 
673 
688 
474 
434 
516 
486 
414 
819 
406 
409 
229 
287 
838 

1,080 
860 
683 
696 
861 
468 
634 
669 

1,290 

1,300 


Feb.a 


Mar.a 


1,530  3,020 

1,630  2,320 

1,130  1,970 

1,160  1,560 

1,640  1,140 

1,300  1,010 

1,120  991 

866  1,080 

641  3,290 

623  3,200 

643  7, 120 

1,720  6,530 

1,710  4,390 

1,440  3,600 

1,220  3,090 

886  2,870 

628  2,470 

691  2,290 

486  2,770 

563  3,680 

826  4,690 

864  4,640 

724  6,510 

746  6,610 

600  4,180 

478  2,720 

378  2,080 

1,040  1,920 

1,680 

379 

2,810 

a  Approximate. 


Apr. 

May. 

2,610 

416 

2,080 

ovv 

2,110 

297 

2,690 

263 

1,840 

306 

1,500 

96 

1,740 

287 

2,660 

217 

2,060 

262 

2,080 

688 

1,760 

191 

1,460 

191 

1,280 

129 

1,100 

126 

1,030 

110 

988 

105 

889 

&66 

788 

121 

741 

139 

696 

106 

644 

109 

600 

109 

696 

109 

696 

I>66 

667 

125 

610 

96 

610 

101 

447 

96 

447 

96 

416 

66 

ft  61 

Jane. 


96 

99 

80 

80 

100 

86 

38 

112 

199 

422 

179 

1,290 

1,740 

1,190 

1,060 

676 

606 

671 

694 

678 

1,500 

1,940 

2,640 

3,610 

1,800 

1,970 

1,420 

979 

914 

834 


July. 


1,610 
1,220 
815 
662 
627 
561 
566 
561 
428 
268 
182 
175 
116 
124 
176 
248 
219 
190 
296 
363 
423 
440 
661 
724 
466 
384 
390 
263 
248 
390 
816 


Aug. 

Sept. 

Oct. 

250 

786 

174 

246 

678 

182 

186 

467 

149 

866 

347 

97 

1,250 

246 

974 

913 

bl80 

827 

988 

628 

657 

229 

861 

673 

123 

6,680 

1,020 

196 

5,970 

769 

162 

3.040 

1,240 

124 

1,760 

913 

(«») 

1,220 

716 

126 

833 

428 

149 

786 

342 

163 

633 

307 

112 

623 

177 

172 

1,770 

211 

121 

1,820 

533 

6117 

994 

461 

124 

664 

304 

119 

626 

140 

127 

646 

169 

126 

500 

740 

134 

423 

2,200 

120 

881 

1,480 

M26 

864 

1,120 

134 

864 

954 

134 

412 

1,000 

128 

887 

868 

222 

Nov. 


Dec. 


283 
277 
232 
214 
196 
406 
298 
267 
262 
221 
186 
196 
207 
196 
233 
281 
671 
852 
567 
687 
466 
897 
432 
384 
871 
329 
148 
210 
168 
187 


93 
162 
219 
169 
177 
177 
161 
129 
175 
183 
201 
191 
216 
171 
216 
177 
202 
175 
199 
247 
676 
694 
586 
478 
368 
400 
276 
288 
220 
236 
288 


2>  Sunday. 
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[no.  125. 


Mean  daily  discharge^  in  iecond-feet,  of  East  Canada  Creek  ai  DolgeviUe,  N.  K ,  for  1903 

and  1904 — Continued. 


Day. 


1904. 


1. 

2. 

s. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan.   Feb. 


170 
207 
189 
195 
194 
158 
196 
171 
174 
229 
160 
178 
185 
174 
177 
146 
114 
124 
182 
150 
164 
188 
176 
129 
168 
160 
188 
172 
167 
160 
147 


121 
135 
145 

133 
124 
146 
189 
318 
356 
868 
885 
811 
806 
278 
257 
177 
206 
165 
178 
183 
183 
179 
241 
241 
215 
195 
212 
283 
187 


Mar. 


165 

225 

235 

428 

425 

415 

428 

673 

808 

808 

761 

665 

596 

492 

859 

341 

864 

291 

282 

292 

297 

282 

626 

950 

1,330 

1,910 

2,330 

2,170 

1,650 

1,480 

1,440 


Apr. 


1,810 
1,510 
1,700 
1,430 
1,610 
1,610 
1,860 
2,920 
4,790 
5,440 
4,090 
8,120 
2,810 
1,780 
1,420 
1,800 
1,040 
999 
920 
726 
771 
722 
1,250 
2,040 
3,970 
3,680 
3,390 
4,470 
4,100 
4,020 


May. 


3,870 

3,040 

8,040 

2,930 

2,590 

2.080 

1,600 

1.800 

1,060 

838 

766 

476 

894 

352 

579 

999 

843 

660 

660 

847 

775 

608 

519 

496 

493 

493 

498 

580 

509 

334 

371 


June. 


884 
297 
297 
267 
408 
688 
616 
406 
1,420 
1,800 
804 
547 
418 
862 
325 
881 
289 
242 
206 
174 
216 
247 
199 
151 
141 
186 
141 
155 
155 
221 


July. 


288 
272 
221 
206 
216 
221 
252 
216 
146 
189 
184 
166 
807 
199 
151 
162 
164 
795 
325 
162 
141 
186 
131 
107 
167 
245 
245 
266 
786 
432 
297 


Aug. 


188 
261 
266 
188 
150 
203 
151 
144 
155 
188 
133 
123 
123 
21 
123 
128 
122 
160* 
149 
3,103 
2,737 
1.481 
1,574 
1,039 
688 
576 
165 
274 
245 
240 
175 


Sept. 


Oct. 


160 
160 
271 
418 
344 
261 
225 
188 
176 
165 
166 
145 
150 
160 
885 
283 
266 
126 
166 
162 
829 
183 
161 
283 
809 

1,255 
867 
828 
809 

1,988 


Nov.      1>K" 


1,690 

1,020 

731 

712 

604 

450 

302 

307 

241  I 

862 

2,380 

1,659 

1,179 

920 

751  , 

528  , 

441 

485 

419 

412 

4,229 

3,681 

1,990 

1,298 

901 

773 

1,782 

646 

494 

431 

368 


344 
314 
279 
871 
647 
450 
204 
245  I 
243  ' 
223 
225  I 
223 
251 
276 
215  ; 
228  . 
158 
121 
132 
131 
168 
162 
149 
157 
162 
141 
136 
96 
516 
150 


172 
113 
VOSi 

70 

ie> 

143 

134 
166 
137 
121 

121 
1S7 

167 
157 
178 
137 
74 
140 
I4ii 
li^ 
14^ 

IS) 

> 

9»» 

76 

ITS 

1.2KS 

1.062 

867 

8!« 
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E&tiinaUd  monthly  ditcharge  of  EMI  Canada  Creek  at  DolgevilU^  N.  Y,,for  J  BOS  cmd  1904, 

[Drainage  area*  266  square  miles.] 


Month. 


1903. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  year 

1904. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  year 


Discharge  in  second-feet. 


Maximum. 


1,300 
1,720 
7,120 
2,660 

415 
3,610 
1, 510 
2,200 

736 
5, 970 

852 

694 


Minimum  .a 


229 

363 
2,330 
5,440 
3,870 
1,420 

796 
3,103 
1,988 
4,229 

871 
1,286 


5,440 


Mean. 


Z>666 

«>971 

63,041 

1,241 

156 

920 

448 

695 

187 

1,068 

318 

257 


169 
217 
758 

2,343 

1,114 
385 
250 

.  493 
396 

1,046 
254 
247 


639 


Run-off. 


Rainfall,  o 


Seoond-feet 

persGuare 

mile. 


2.60 

3.79 

11.88 

4.85 

.610 
3.59 
1.75 
2.71 

.730 
4.17 
1.24 
1.00 


.  660 
.848 
2.96 
9.15 
4.35 
1.50 
.977 
1.93 
1.55 
4.09 
.992 
.965 


2.50 


Depth  in  I  t««w^ 
inches.      ''*°^«»- 


3.00 

3.95 

13.70 

5.41 

.703 
4.01 
2.02 
3.12 

.814 
4.81 
1.38 
1.15 


44.12 


.761 
.915 
3.41 
10.21 
5.02 
1.67 
1.13 
2.23 
1.73 
4.72 
1.11 
1.11 


33.91 


2.30 
2.38 
6.75 
1.63 
.18 
8.68 
5.71 
7.26 
1.30 
8.34 
2.10 
1.57 


48.20 


oOne  day  minimum  controlled  by  pondage, 
fr  Approximate,  owing  to  ice  ohstroetloii. 
0  At  Ballsbary  Inlet. 
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STREAM   MEASUREMENTS    IN    1904,   PART   II. 


[NO.  12r. 


SCHOHARIE   CREEK   AT  PRATT8VILLE,    N.    T. 

Schoharie  Creek  above  Prattsville  drains  a  rugged  mountainous 
area  almost  entirely  wooded.  The  waterahed,  embracing  an  area  of 
243  square  miles,  lies  wholly  within  Greene  County.  The  basin  is  sur- 
rounded by  continuous  mountain  ranges,  and  intervening  ridges  divide 
the  main  stream  from  its  principal  tributaries,  Batavia  Kill,  KsLst  Kill, 
and  West  Kill.  A  gaging  station  was  established  at  the  highway 
bridge  in  the  village  of  Prattsville,  November  7, 1902,  by  C.  C.  CV)vert; 
the  gage  datum  is  referred  to  the  United  States  Geological  Survey 
bench  mark,  an  "O"  marked  on  a  bowlder  on  the  right-hand  end  cf 
the  bridge  on  the  downstream  side;  elevation  1,151  feet.  A  15-foot 
weight  and  wire  gage,  having  a  boxed  horizontal  scale,  is  attached  to 
the  steel  floor  beams  of  the  bridge  on  the  upstream  side.  The  eleva- 
tion of  the  water  surface  when  the  gage  reads  zero  is  1,130.03.  The 
bridge  has  a  single  span  of  185  feet.  In  extreme  low  water  the  current 
underneath  the  bridge  is  sluggish  and  meter  measurements  are  made 
by  fording  the  stream  a  short  distance  below  the  bridge.  The  grejit 
freshet  of  October  9-11,  1903,  apparently  changed  the  stream  bed  and 
cross  section  in  the  vicinity  of  the  gage.  Measurements  made  during 
1903  and  1904  have  been  applied  toward  the  construction  of  a  new 
rating  curve. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  meagurements  of  Schoharie  Creek  at  PrattsvilUf  N.  F.,  in  1904- 


Date. 


Hydrographer. 


Julyl R.  E.  Horton 

September 21  ..^  C.  C.  Covert. 

September  21 .  J do 

October  23 


October  23. 
October  24. 


C.  C.  Covert  and  E.  F. 
Weeks. 

do...: 

do 


Area  of 
section. 

Mean 
velocity. 

Ga«e 
height. 

Sq.feei. 

Feet  per  sec. 

FM. 

404 

0.71 

5.00 

269 

.26 

4.45 

65 

1.08 

4.45 

775 

1.50 

6.16 

693 

1.44 

6.00 

682 

1.11 

6.72 

Diaeharge. 

See.-Jett^ 

287 

71 

«70 

1,117 

998 
756 


a  Wading  below  station. 
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Mean  daily  gage  height,  in  feet,  of  Schoharie  Creek  at  PtatUviUe,  N.  Y.^for  1904' 


Day. 

Jan. 

Feb. 

5.34 
5.21 
6.71 
5.81 
6.76 
6.21 
8.36 
6.85 
5.90 
5.55 
5.30 
5.27 
5.70 
5.80 
5.56 
6.56 
6.56 
5.60 
5.55 
5.85 
6.88 
6.95 
6.00 
5.95 
5.85 
5.70 
5.85 
5.85 
6.75 

1 

5.56 
6.66 
6.96 
6.96 
5.96 
5.96 
5.96 
6.86 
5.86 
5.71 
6.64 
6.58 
5.51 
6.51 
5.61 
5.48 
6.46 
6.46 
6.44 
5.36 
5.36 
5.88 
7.88 
6.61 
6.76 
6.54 
5.36 
5.81 
5.86 
6.26 
6.26 

2  

8 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

21 

22 

23 

24 

•25 

2f> 

27 

2h 

29 

30 

31 

Mar. 

Apr. 

M«y. 

June. 

July. 

5.85 

5.59 

6.42 

5.61 

5.00 

5.70 

7.89 

6.09 

5.21 

4.65 

7.55 

6.14 

6.88 

4.98 

4.52 

6.96 

5.76 

5.68 

4.95 

4.48  1 

5.50 

5.64 

5.58 

4.78 

4.40 

5.35 

6.79 

5.48 

4.83 

4.35 

8.23 

6.94 

5.83 

5.13 

4.38 

7.75 

5.80 

5.23 

5.05 

4.38 

6.15 

6.49 

5.28 

7.68 

4.32 

5.65 

6.74 

5.18 

6.78 

4.32 

6.W 

6.24 

5.18 

5.93 

4.40 

5.40 

5.99 

5.11 

5.57 

4.40 

5.20 

5.74 

5.03 

5.35 

4.40 

5.25 

5.66 

5.01 

5.27 

4.36 

5.07 

6.42 

5.28 

5.12 

4.32 

6.06 

5.32 

6.88 

6.00 

4.35 

5.05 

6.26 

5.61 

4.92 

4.80 

5.00 

5.22 

5.43 

4.82 

4.72 

5.06 

5.34 

5.18 

4.74 

4.68 

6.66 

5.19 

5.68 

4.72 

4.40 

6.20 

6.19 

5.58 

4.70 

4.35 

6.46 

6.14 

5.33 

4.62 

4.40 

6.74 

6.14 

5.21 

4.62 

4.35 

6.04 

5.09 

5.21 

4.57 

4.80 

6.52 

5.22 

5.13 

4.52 

4.35 

8.54 

6.44 

5.21 

4.47 

4.40 

6.92 

6.09 

5.68 

4.42 

4.35 

6.24 

8.49 

5.28 

4.42 

4.35  1 

5.64 

7.69 

5.18 

4.42 

5.20 

5.44 

6.69 

6.23 

4.52 

4.75 

5.46 

6.48 

4.60 

Aug.  ,  Sept.      Oct.      Nov. 


4.60 
4.50 
4.60 
4.60 
4.46 
4.40 
4.38 
4.82 
4.30 
4.70 
4.96 
4.80 
4.70 
4.70 
4.70 
4.65 
4.62 
4.60 
4.52 
4.75 
4.98 
4.85 
4.70 
4.60 
4.50 
4.48 
4.40 
4.40 
4.40 
4.40 
4.35 


4.35 
4.35 
4.35 
4.30 
4.50 
4.42 
4.35 
4.35 
4.85 
4.35 
4.36 
4.82 
4.30 
4.32 
4.52 
4.95 
4.68 
4.48 
4.40 
4.30 
4.42 
4.35 
4.28 
4.30 
4.38 
4.88 
4.40 
4.40 
4.40 
4.60 


4.60 

4.60 

4.45 

4.40 

4.40 

4.40 

4.25  i 

4.85 

4.28 

4.32 

4.35 

4.62 

4.90 

4.80 

4.70 

4.65 

4.60 

4.60 

4.56 

4.50 

8.90 

7.50 

6.15 

5.72 

5.45 

6.30 

6.20 

5.10 

5.00 

5.00 

4.95 


4.80 
4.80 
4.75 
4.70 
4.68 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.78 
5.00 
4.85 
4.80 
4.75 
4.80 
4.90 
5.55 
6.00 
5.70 
5.50 
5.45 
5.15 
5.10 
5.10 
5.15 
6.1U 


Dec. 

5.10 
5.10 
5.86 
5.40 
5.40 
5.30 
5.20 
5.16 
5.10 
4.80 
4.70 
4.90 
4.90 
4.60 
4.26 
4.40 
4.90 
6.00 
6.10 
6.10 
6.10 
5.10 
5.18 
5.90 
5.65 
5.40 
6.67 
7.68 
5.92 
6.60 
5.50 
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STREAM   MEABUREITENTS   IN    1904,  PART   II. 


fNo.  125. 


Rating  table  for  Schoharie  Creek  at  PraUtviUe,  N.  F.,  from  November  9,  190^^  to  October 

10,  190S. 


Gage 
height. 

1 

Diiichaige. 

< 

Gage 
height. 

DiflchAEge. 

'     Gage 
height. 

1 
Discharge.  ' 

Gaxe 
hei^t 

]>jachaige. 

Feet. 

Seeond'/eeL 

FeeL 

Seeondr/€et. 

FixL 

1 
Seamdr/etL 

Aet 

Seeemdrfeft. 

4.60 

8 

6.50 

997 

8.40 

3,780  ' 

10.30 

9,200 

4.70 

27 

6.60 

1,100 

!      8.50 

3,970 

10.40 

9,600 

4.80 

48 

1 

6.70 

1,210 

8.60 

4,212 

10.50 

10,000 

4.90 

74 

6.80 

1,330 

8.70 

4,454 

10.60 

10,400 

5.00 

103 

6.90 

1,455 

8.80 

4,696 

10.70 

10,800     1 

5.10 

135 

7.00 

1,580 

8.90 

4,938 

10.80 

11,300 

5.20 

168 

7.10 

1,710 

9.00 

5,180 

10.90 

11,600 

5.30 

208 

7.20 

1,840 

9.10 

5,440 

11.00 

12,000 

5.40 

252 

7.30 

1,980  ' 

'         1 

9.20. 

5,700 

11.10 

12,460 

5.50 

305 

7.40 

2,120  , 

9.30 

5,960 

11.20 

12,920 

5.60 

350 

1 

7.50 

2,270  1 

9.40 

6,220 

11.30 

13,380 

5.70 

404  , 

7.60 

2,420 

9.50 

6,480 

11.40 

13,840     . 

5.80 

462  ' 

7.70 

2,670 

9.60 

6,784 

11.50 

14,300 

5.90 

523 

7.80 

2,730 

9.70 

7,088 

11.60 

14,840 

6.00 

590 

7.90 

2,890 

9.80 

7,392 

11.70 

15,380     1 

6.10 

660  , 

8.00 

3,060 

9.90 

7,696 

11.80 

15,920 

6.20 

733 

8.10 

3,230 

10.00 

8,000 

11.90 

16,460 

6.30 

815 

8.20 

3,410 

10.10 

8,400 

12.00 

17,000 

6.40 

904 

1 

8.30 

3,590 

10.20 

8,800 

1 

t 

Logarithmic  extension  used  above  8.0  feet  gage  height. 

Rating  table  far  Schoharie  Vreek  at  PraitsviUef  N,  Y.^  from  October  11,  190S,  to  December 

SI,  1904. 


Gage 
height. 

Dischaige. 

heigift. 

Discharge. 

Gage 
height. 

Dischaige. 

Gage 
height. 

Diacbai^e. 

Feet. 

Second-feet. 

Feet. 

Secondr/eet. 

/tef. 

Secondr/eet. 

Feet. 

Second-ff^, 

4.15 

0 

4.90 

245 

6.00 

975 

7.10 

2,260 

4.20 

12 

5.00 

285 

6.10 

1,070 

7.20 

2,390 

4.25 

24 

5.10 

345 

6.20 

1,170 

7.30 

2,540 

4.30 

36 

5.20 

405 

6.30 

1,270 

7.40 

2,680 

4.35 

48 

5.30 

465 

6.40 

1,370 

7.50 

2,830 

4.40 

61 

5.40 

525 

6.50 

1,470 

7.60 

2,990 

4.45 

73 

5.50 

585 

6.60 

1,600 

7.70 

3,150 

4.50 

85 

5.60 

663 

6.70 

1,720 

7.80 

3,300 

4.60 

125 

5.70 

741 

6.80 

1,850 

7.90 

3.460 

4.70 

165 

5.80 

819 

6.90 

1,970 

8.00 

3,620 

4.80 

205 

5.90 

1 

897 

7.00 

2,100 

HORTON 
AND 
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Mean  daily  discharge,  in  9ec(md-feet,  of  Schoharie  Creek  at  PrattsviUe,  N.  F.,  190f-J904 


£»•>•. 

Jan. 

¥eb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1 
Sept. 

Oct, 

Nov. 

Dec. 

1902. 
1 

168 

2 

168 

3 

300 

4 

350 

5 ' 

1 

310 

6 1 

1 

300 

7 

300 

H 

300 

9 

252 
252 
252 
252 
280 
206 
206 
206 
206 
206 
168 
168 
168 
168 
185 
185 
230 
276 
262 
825 
208 
208 

276 

10 

252 

11 

280 

12 

208 

18 1 

168 

168 

16 

....... 

,.,,,,. 

168 

168 

17 

2,350 

1,840 

19 

718 

590 

21 

• 

556 

5,960 

28 

1,980 

928 

2!> 

696 



625 

27 

528 

492 

29 

474 

80 

416 

81 

416 

190S. 
1 

866 

877 
682 
774 
492 
404 
404 
898 
877 
877 
404 
404 
377 
877 
404 
404 
877 
877 
877 
877 
404 

656 

898 
1,160 
1,880 
774 
625 
626 
628 
492 
438 
404 
1,460 
788 
462 
416 
660 
696 

2,610 

1,190 

888 

675 

639 

625 

628 

815 

2,060 

1,580 

8,820 

1,910 

1,810 

1,060 

1,810 

1»060 

928 

774 

696 

660 

749 

1,120 
718 
718 
860 
660 
590 
690 
696 

1,580 
904 
696 
500 
511 
462 

1,270 
960 
860 
696 
W7 
492 
460 

188 

176 

176 

168 

161 

185 

135 

185 

185 

U9 

129 

106 

97 

108 

108 

108 

88 

74 

74 

61 

61 

88 
88 
88 

88 
88 

81 

81 

81 

61 

44 

74 

2,860 

1.840 

815 

1,910 

1,840 

860 

625 

4A2 

877 

1,645 

488 

840 

252 

168 

168 

168 

161 

185 

109 

106 

108 

88 

74 

74 

74 

61 

'  61 

69 

88 

106 

877 

97 
74 
74 
80 
474 
492 
460 
276 
206 
217 
176 
168 
142 
185 
108 
106 
108 
108 
108 
1,060 
815 

1,710 
788 
462 
825 
290 
290 
2S2 
248 
188 
168 
176 
168 
142 
142 
109 
185 
142 
611 
276 
168 
161 

88 
97 
88 
88 
88 

108 
97 

788 

(«) 

7,890 

3,685 

2,050 

1,580 

1,170 

986 

741 

682 

702 

662 

570 

49b 

845 
285 
265 
256 

245 

275 
255 
255 
245 
235 
285 
225 
205 
206 
215 
540 
800 
975 
702 
46b 

285 

2 

345 

8 

345 

4 

345 

5 

330 

6 

265 

7 

245 

8 

245 

9 

285 

10 

205 

11 

205 

12 

205 

13 

205 

14 

936 

15 

819 

16 

741 

17 

741 

18 

668 

19 

668 

20 

2,880 
2,610 

21 

a  Above  rating  curve. 


frlfrooeu. 
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STREAM   MEA8UBEMET9T8   IN   1904,  FAHT   U. 


[NO.  125. 


Mean  daily  discharge^  in  second-feet,  of  Schoharie  Creek  at  PraUgvUUf  N.  Y.,  etc. — Cont'd. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1908. 
22 

460 
361 
377 
355 
590 
623 
815 



8,410 

7,316 

3,780 

1,910 

1,270 

886 

660 

625 

523 

2,270 

(«) 

393 
262 
360 
300 
300 
276 
243 
217 
200 

663 

2,680 

1,120 

780 

702 

819 

936 

897 

1,470 

1,750 

1,220 

976 

780 

624 

540 

480 

435 

420 

495 

406 

405 

875 

376 

345 

420 

1,420 

1,070 

3,150 
1,720 

61 
61 
61 

48 
48 
48 
48 
48 
48 
44 

1,400 
1,070 
878 
721 
643 
640 
480 
420 
420 
390 
390 
845 
800 
286 
450 
878 
663 
540 
390 
721 
643 
480 
405 
405 
360 
405 
721 
450 
360 
420 
570 

1.620 

1,190 

2,460 

1,270 

816 

656 

433 

462 

718 

663 

405 

275 

265 

195 

216 

360 

315 

2,950 

1,820 

917 

643 

495 

450 

360 

285 

255 

215 

186 

176 

166 

136 

185 

115 

95 

79 

67 

67 

67 

95 

340 

217 

161 

109 

97 

80 

74 

80 

142 

109 

286 
145 
95 
79 
61 
48 
64 
54 
42 
42 
61 
61 
61 
48 
42 
48 
36 
176 
165 
61 
48 
61 
4S 
36 
48 
61 
48 
48 
405 
186 
125 

696 

646 

511 

556 

696 

416 

860 

4,575 

2,770 

2,660 

85 

85 

85 

85 

73 

61 

54 

42 

36 

166 

265 

205 

166 

166 

165 

145 

135 

125 

95 

185 

276 

226 

166 

125 

86 

79 

61 

61 

61 

61 

48 

135 
129 
119 
100 
108 
108 
119 
109 
103 

48 
48 
48 
36 
85 
67 
48 
48 
48 
48 
48 
42 
36 
42 
95 
265 
156 
79 
61 
36 
67 
48 
31 
86 
64 
64 
61 
61 
61 
126 

466 
485 
460 
486 
420 
390 
390 
390 
360 
345 

125 

86 

73 

61 

61 

61 

24 

48 

31 

42 

48 

185 

245 

205 

165 

145 

125 

125 

105 

86 

2,830 

1,120 

760 

665 

465 
406 
845 
285 
285 
265 

406 
420 
405 
890 
435 
466 

816 

ao6 

206 
185 
165 
156 
165 
165 
165 
165 
165 
165 
165 
165 
195 
285 
225 
205 
185 

ao6 

245 
624 
975 
741 
585 
656 
876 
846 
346 
875 
846 

1.230 

23 

819 

24 

741 

25 

721 

26 

£24 

27 

496 

28 

6C!5 

29 

570 

30 

2.340 
749 

624 
624 
936 

496 

(a) 

682 

31 

663 

1904. 
1 

845 

2 

845 

3 

495 

4 

(«) 

«•••■>>  •••■•.■ 

525 

5 

1 

5Q5 

6 

465 

7.. 

405 

8 

875 

9 

1 

816 

10 

1 

*J06 

11 

1 

165 

12 

'M?> 

18 

1US 

14 

125 

16 

1 

24 

16 

1 

61 

17 

245 

18 

2S5 

19 

345 

20 

(«) 
405 
556 

1,780 
1,000 
1.500 

2,010 

1,220 

702 

555 

555 

345 

21 

S4S 

22 

(«) 
3,420 
1,600 
780 
624 
495 
465 
495 
435 
435 

345 

23 

880 

24 

25 

702 

26 

505 

27 

1,560 
3,110 

28 

29 

917 

30 

663 

81 

585 

a  Stream  frozeu  over;  uo  record. 


I>  Above  rating  table. 
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EnHmaied  monthly  dUcharge  of  Schoharie  (Yeek  at  PraUmlUy  N.  F.,  190^^1904. 

[Drainage  area,  240  square  miles.] 


Month. 


1902. 
November,  22  days. 
December 


1903. 
January,  30  days  . . 
February,  17  days. 

March 

April 

May 

June 

July 

August 

September 

October,  30  days  . . . 
November,  28  days. 
December 


1904. 
January,  12  days  ^ 

February^ 

March,  10  days  ^ . . 
April,  29  days  .... 

May 

June 

July 

August 

September 

October,  30  days  . . 

November 

December 


a  Above  ratlDg  table. 


Discharge  in  second-feet. 


Maximum. 


325 
5,960 

2,340 
1,460 
7,315 
1,580 

188 
2,850 

433 
4,575 
1,710 

(«) 
975 

2,830 
3,420 


Minimum. 


(«) 

(«) 
1,400 

3,070 

405 

275 

265 

975 
3,110 


135 

168 

361 

393 

523 

200 

44 

31 

61 

74 

103 

88 

205 

205 

435 


405 

345 

285 

67 

36 

36 

31 

24 

155 

24 


Mean. 


214 
722 

516 
691 
1,547 
617 
98 
770 
149 
639 
261 
870 
374 
662 

911 


1,028 
947 
553 
415 

89 
118 

66 
310 
302 
521 


Run-off. 


Second-feet 

per  square 

mile. 


0.892 
3.01 

2.15 
2.88 
6.45 
2.57 

.408 
3.21 

.621 
2.66 
1.09 
3.62 
1.56 
2.76 

3.80 


4.28 
3.95 
2.30 
1.73 
.371 
.492 
.275 
1.29 
1.26 
2.17 


Depth  in 
inches. 


0.730 
3.47 

2.40 
1.82 
7.44 
2.87 

.470 
3.58 

.716 
3.07 
1.22 
4.17 
1.62 
3.18 

1.70 


1.59 
4.26 
2.65 
1.93 
.428 
.567 
.307 
1.44 
1.41 
2.50 


fr  Stream  frozen  over  January  4  to  22  and  February  2  to  March  20. 


BATAVIA  KILL  NEAR  PRATTSVILLE,  N.  Y. 

Batavia  Kill  enters  Schoharie  Creek  just  above  Prattsville.  The 
gaging  of  this  stream  at  Windon  near  the  headwaters  was  made  Sep- 
tember 10, 1908,  by  F.  H.  Tillinghast.  The  discharge  was  21  second- 
feet 
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STREAM   MEABUBEMEyrS   IN   1904,  PABT  II. 


[NO.  125. 


OATSKTLL  GREEK  AT  SOUTH  CAIRO,  N.  T. 

The  drainage  liaj^in  of  this  stream  receives  the  run-off  from  the  north 
slope  of  the  Catskill  Range,  and  lies,  for  the  most  part,  in  the  timbered 
highlands  of  Greene  County.  The  stream  enters  tide  water  of  Hudson 
River  at  Catskill.  The  topography  of  the  drainage  area  is  shown  on 
the  Durham,  Coxsackie,  and  Catskill  sheets  of  the  United  States  Geo- 
logical Survey  Topographic  Atlas.  The  stream  flows  over  a  rock  l>ed 
through  much  of  its  course.  The  slopes  of  the  drainage  basin  are  pre- 
cipitous; there  are  no  lakes  and  little  artificial  storage.^  The  gating 
station,  which  was  established  July  4,  1901,  is  located  at  the  highway 
bridge  in  the  village  of  South  Cairo.  The  bridge  has  a  single  span  of 
194.5  feet  between  abutments.  The  stream  channel  is  rock  overlain 
in  some  places  with  earth.  The  stream  stage  is  observed  each  morning 
and  night  from  a  weight  and  chain  gage  which  is  attached  to  the 
bridge,  and  whose  elevation  is  referred  to  a  "0"  near  outer  comer 
on  upstream  side  of  bridge  seat  on  right-hand  abutment.  The  eleva- 
tion of  bench  mark  is  assumed  to  be  100  feet,  the  elevation  of  water 
surface  when  gage  reads  zero  is  78.71  feet.  Special  discharge  nieass- 
urements  have  been  made  in  the  winter  to  determine  the  calibration 
curve  for  the  stream  cross  section  in  the  presence  of  ice;  a  correction 
coefficient  to  be  applied  to  the  measured  discharge  as  taken  at  0.t> 
depth  has  also  been  obtained  by  means  of  numerous  vertical- velocity 
curves.  The  erection  of  a  dam  a  short  distance  below  the  gage  for 
purposes  of  boating  necessitates  withholding  a  portion  of  the  record 
for  1904  until  additional  measuraments  can  be  made. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  meaturementg  of  CatskUl  Creek  at  South  Cairo,  N,  Y.,  in  1904' 


Dftte. 

Hydrographer. 

Area. 

Mean 
velocity. 

Gaffe 

Dlflehaige.fr 

June  28  <: 

R.  E.  Horton 

Sq./eet. 

45 

272 

fM  per  tec. 
1.10 

2.62 

Seeomd'/eet 
50 

September  16 . . 

Ck>vert  and  Swancott 

.32 

2.90 

88 

a  Water  power  of  this  stream  is  described  in  Report  on  Stream  Gaffings,  contained  in  Supplement. 
Report  of  State  Engineer  and  Suryeyor  of  New  York,  1902,  pp.  260  to  264. 
fr  Discharge  affected  by  dam  one-fourth  mile  below  station. 
cBy  wading  600  feet  upetteam. 
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Mean  daUy  gage  height^  in  feel,  of  CtiUkUl  Greek  at  South  Cteiro,  N,  Y.y  for  1904. 


Day. 

Jan. 

Feb. 

4.66 
4.46 
4.31 
4.66 
4.56 
4.26 
4.28 
6.96 
4.51 
4.86 
4.58 
4.81 
8.52 
4.24 
4.08 
4.01 
3.88 
3.86 
4.01 
8.88 
3.61 
4.26 
4.87 
4.73 
3.90 
3.63 
8.50 
3.30 
8.35 

Mar. 

Apr. 

May. 

Jane.a 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

4.29 
4.17 
4.82 
4.17 
4,17 
4.12 
4.07 
8.92 
3.87 
8.82 
3.72 
3.62 
8.57 
3.47 
3.52 
8.47 
3.86 
3.86 
3.36 
3.86 
3.86 
3.44 
5.14 
5.26 
4.51 
4.86 
4.54 
4.96 
4.96 
4.96 
4.96 

8.50 
8.45 
8.50 
5.65 
6.05 
5.40 
8.20 
7.90 
5.85 
4.88 
4.20 
4.80 
4.20 
4.30 
8.90 
8.65 
8.20 
8.80 
3.90 
5.20 
5.05 
4.-96 
7.10 
6.40 
6.80 
8.35 
7.85 
5.55 
4.40 
4.60 
4.59 

5.24 
7.19 
5.69 
4.69 
4.74 
4.84 
4.94 
4.89 
6.29 
5.24 
4.89 
4.69 
4.49 
4.29 
4.14 
4.09 
4.19 
4.89 
4.59 
4.14 
8.89 
8.89 
3.94 
3.84 
8.94 
3.94 
4.82 
8.54 
6.76 
5.79 

5.04 
4.60 
4.54 
4.89 
4.18 
4.08 
8.88 
8.78 
8.58 
8.58 
8.48 
8.88 
8.28 
8.18 
8.28 
4.51 
4.18 
8.88 
4.08 
4.18 
3.88 
8.68 
8.48 
8.88 
8.28 
8.78 
4.23 
8.68 
8.88 
8.88 
8.48 

8.88 
8.23 
8.28 
8.18 
4.28 
8.58 
8.48 
8.88 
9.15 
6.75 
5.25 
4.67 
4.17 
4.02 
3.92 
8.72 
8.52 
8.42 
8.27 
8.02 
2.92 
2.92 
2.92 
2.72 
2.62 
2.62 
2.62 
2.52 
2.50 
2.70 

8.00 
2.80 
2.60 
2.60 
2.65 
2.40 
2.86 
2.80 
2.40 
2.60 
2.40 
2.40 
2.80 
2.80 
2.80 
2.80 
2.80 
2.45 
2.40 
2.40 
2.40 
2.80 
2.80 
2.20 
2.80 
2.80 
2.40 
2.40 
2.76 
2.60 
2.55 

2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.80 
2.80 
2.40 
2.40 
2.50 
2.60 
2.45 
2.45 
2.60 
2.40 
2.85 
2.40 
2.40 
2.80 
2.80 
2.80 
2.40 
2.40 
2.40 
2.40 
2.85 
2.80 
2.20 
2.20 
2.20 

2.80 
2.20 
2.10 
2.40 
2.20 
2.20 
2.20 
2.80 
2.80 
2.80 
2.80 
2.80 
2.20 
2.80 
8.10 
2.70 
2.50 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.20 
2.80 
2.80 
2.80 
2.45 

2.40 
2.40 
2.40 
2.40 
2.60 
2.40 
2.40 
2.40 
2.80 
2.80 
2.40 
2.50 
2.60 
2.70 
2.60 
2.50 
2.50 
2.50 
2.50 
2.60 
4.75 
5.30 
4.55 
4.15 
3.95 
3.80 
3.70 
3.60 
8.35 
8.20 
8.10 

3.10 
8.00 
2.90 
2.80 
2.85 
2.90 
2.90 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
3.00 
8.00 
3.40 
8.40 
8.40 
8.85 
8.15 
8.80 
4.70 
4.60 
4.60 
4.45 
4.05 
8.85 
8.80 
8.80 
8.90 

8.66 

2 

8.85 

3 

8.20 

4 

8.80 

5 

6 

8.25 
8.10 

7 

8.00 

8 

2.90 

9 

8.00 

10 

2.75 

11 

2.40 

12 

2.20 

2.80 

14 

2.40 

2.40 

16 

2.60 

2.76 

18 

2.65 

2.70 

20 

2.80 

21 

2.80 

22 

2.80 

8.00 

24 

8.10 

3.10 

26 

3.20 

3.40 

28 

6.15 

4.90 

80 

4.00 

8.80 

a  After  June  1  gage  heightu  affected  by  dam  below  itatlon. 
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STREAM    MEASUREMENTS    IN   1904,  PART   II. 


[xo.  125. 


Rating  table  for  CcUskiU  Creek  at  South  Cairo,  N.  Y.,  for  open  section  from  July  4,  1901, 

to  June  U  i904. 


Gage 
teight. 


heig 


Feet. 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

16 

4.20 

20 

4.30 

24 

4.40 

28 

4.50 

37 

4.60 

45 

4.70 

55 

4.80 

63 

4.90 

72 

5.00 

88 

5.10 

104 

5.20 

120 

5.30 

136 

5.40 

152 

5.50 

182 

5.60 

213 

5.70 

243 

5.80 

274 

5.90 

304 

6.00 

352 

6.20 

Discharge. 

Gage 
height. 

1 
Sftcond-feet. 

/ferf. 

401 

6.40 

449 

6.60 

498 

6.80 

546 

7.00 

602 

7.20 

657 

7.40 

712 

7.60 

768 

7.80 

824 

8.00 

885 

8.20 

946 

8.40 

1,006 

8.60 

1,067 

8.80 

1,128 

«9.00 

1.206 

9.20 

1,285 

9.40 

1,363 

9.60 

1,442 

9.80 

1,520 

10.00 

1,710 

10.20 

Discharge. 


Second-feet. 
1,900 
2,106 
2,328 
2,550 
2,822 
3,094 
3,406 
3,758 
4,110 
4,562 
5,014 
5,498 
6,014 
6,530 
7,178 
7,826 
8,524 
9,272 
10,020 
10, 892 


Gage 
height. 


Feet. 

10.40 

10.60 

10.80 

11.00 

11.20 

11.40 

11.60 

11.80 

12.00 

12.20 

12.40 

12.60 

12.80 

13.00 

13.50 

14.00 

14.50 

15.00 

15.50 

16.00 


Discfaaiige. 


Second-feri. 
11,764 
12,700 
13,700 
14,700 
15,780 
16,860 
18,000 
19,200 
20,400 
21,920 
23,440 
25,000 
26,600 
28,200 
34,000 
39,800 
45,600 
51,400 
57,200 
63,000 


a  Extension  by  logarithmic  diagram  above  9.1. 
Mean  daily  discharge^  in  second-feety  of  Catakill  Creek  at  South  Cairo,  N.  Y.^for  1H04. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

970 
2,810 
1,280 
596 
679 
735 
791 
763 
1,000 
970 
763 
652 
541 
444 
372 
348 

May. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

(«) 

(«) 

848 
596 
568 
493 
891 
318 
268 
222 
176 
161 
149 
125 
117 
93 
117 
552 

17 

104 

243 

274 

946 

854 

796 

2,690 

1,900 

2,330 

4,900 

3,030 

1,170 

498 

602 

596 

896 

498 

596 

872 

270 

270 

286 

2S5 

286 

286 

459 

5,340 

2.280 

1.860 

2 

18 

368 

3 

19 

3S8 

4 

1,170 

1,570 

1,070 

4,660 

3,930 

1,400 

729 

401 

449 

401 

449 

274 

198 

20 

867 

5 

21 

2^ 

6 

'  22 

192 

7 

440 
2,530 
552 
746 
590 
454 
158 
420 
843 
(«) 

23 

909 
982 
552 
478 

(«) 

119 

8 

24 

1:5 

9 

25 

109 

10 

26 

222 

11 

27 

Vm^ 

12 

28 

102 

13 

29 

1J5 

14 

80 

125 

16 

31 

149 

16 

a  Stream  frozen  over  during  remainder  of  month. 
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EaUmaUd  niont/dy  discharge  of  Catskill  Creek  at  South  Cairo,  N.  K.,  for  1904. 

[Drainage  area,  268  square  miles.] 


Month. 


January,  4  days  <>  . 
February,  9  days  « 
March,  28  days  a.. 

April 

May 


Discharge  in  seoonc 

Maximum. 

Minimum. 

982 

478 

2,630 

158 

4,900 

104 

5,340 

255 

848 

93 

Mean. 


730 
693 
1,340 
889 
278 


Run-oiT. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


0.414 

0.884 

5.31 

3.77 

1.22 


o  stream  f roasen  over  during  remainder  of  month. 
ESOPUS   CREEK   NEAR  OLITEBRIDGE,  N.  Y. 

A  l-inch  wire  cable,  168-feet  span,  was  erected  across  the  stream 
300  feet  above  Bishops  Falls,  May  25,  1903.  A  cantilever  was  also 
projected  18  feet  over  the  stream  from  an  abandoned  bridge  abutment. 
Upon  this  a  weight  and  chain  gage  was  placed.  The  stream  was 
observed  twice  each  day  by  Jesse  B.  Boice.  This  station  is  located 
near  the  site  of  a  proposed  storage  reservoir.  The  bed  of  the  stream 
is  rock  and  the  banks  bold.  No  overflow  takes  place.  The  gaging 
station  is  in  the  heart  of  a  precipitous  timber-covered  mountain  drain- 
age basin.  There  is  no  storage  control  of  the  stream  above.  The 
bench  mark  is  a  chisel  draft  at  upstream  corner  of  the  right-hand 
abutment  of  the  abandoned  bridge.  The  elevation  of  water  surface 
when  gage  reads  zero  is  81.86.  This  station  site  was  selected  by,  and 
the  cableway  erected  for,  the  engineers  of  the  New  York  Water- 
Supply  Commission,  to  show  the  relation  between  the  discharge  at 
this  point  and  at  Kingston.  Owing  to  the  formation  of  a  gravel  bar 
at  the  mouth  of  a  tributary  entering  at  the  cableway  the  record  was 
discontinued  in  July,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  measuremenis  of  Esopim  Creek  near  Olivehridge,  N,  Y.,  in  1904. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Discharge.a 

June  30 

R.  E.  Horton 

Sq.feel. 
158 

Feet  per  $ec. 
1.11 

Feet. 
1.35 

Sec.-feet. 
143 

a  Gravel  Island,  upstream  angle  varies. 
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STREAM   MEASUBEKEirrS   Ilf    1904,  PABT   II. 


[NO.  135. 


Mean  dailtj  gage  heigfU,  in  feel,  of  Eeopus  Oreek  near  (Hioebridge,  N.  F.,  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 

1.82 
1.78 
1.77 
1.72 
1.70 
1.72 
2.06 
2.56 
2.60 
2.66 
2.62 
2.62 
1.94 
2.50 
2.38 
2.38 

1.94 
1.72 
1.82 
1.74 
1.79 
1.77 
2.86 
8.18 
2.52 
2.30 
2.26 
2.10 
2.07 
2.04 
1.96 

1.78 

• 

1.71 
1.77 
2.12 
2.20 
1.98 
1.87 
8.25 
4.45 
8.27 
2.78 
2.53 
2.88 
2.25 
2.12 
2.05 
1.97 

8.19 
8.85 
2.96 
2.68 
2.57 
2.49 
2.67 
2.81 
8.49 
8.55 
8.06 
2.81 
2.61 
2.44 
2.80 
2.27 

2.96 
2.67 
2.50 
2.88 
2.26 
2.18 
2.10 
2.02 
1.97 
1.91 
1.89 
1.81 
1.76 
1.72 
2.06 
2.20 

1.66 
1.70 
1.81 
1.67 
1.61 
1.61 
1.96 
1.94 
8.20 
8.15 
2.49 
2.25 
2.06 
1.99 
1.87 
1.87 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Day. 


17 
18 
19 
20 
21 
22 
28 
24 
85 
26 
27 
28 
29 
80 
81 


Jan. 

Feb. 

Mar. 

Apr. 

2.86 

1.76 

1.79 

2.16 

2.88 

1.77 

1.90 

2.09 

2.36 

1.88 

1.97 

2.04 

2.42 

1.89 

2.25 

1.96 

2.48 

1.85 

2.09 

1.94 

2.74 

1.86 

2.07 

1.90 

3.60 

2.84 

2.65 

1.86 

2.68 

2.09 

2.77 

1.84 

2.28 

1.94 

8.05 

1.91 

2.20 

1.81 

5.21 

2,07 

2.12 

1.91 

4.03 

2.12 

1.97 

1.87 

3.15 

3.89 

2.04 

1.77 

2.75 

3.78 

1.97 

2.52 

3.21 

1.96 

2.42 

May. 


2.08 
2.02 
2.11 
2.80 
2.16 
2.06 
2.01 
1.97 
1.94 
1.98 
1.^ 
1.80 
1.70 
1.70 
1.67 


June. 


1.87 
1.7J 
1.67 
1-67 
1.64 
1.61 
1.56 
1.50 
1.47 
1.41 
1.S5 
1.81 
l.Sl 
1.44 


Rating  table  for  Esopus  Creek  near  Olwebridge,  N.  Y^from  May  tS,  1908,  to  June  SO,  1904. 


Gage 
hffight. 

Discharge. 

Oage 
height 

Diacharge. 

Gave 
height 

Discharge. 

Oage 
height 

Discharge. 

Feel. 

Second-feet. 

Fset. 

Seeondr/eet. 

Feet 

Seeondr/eeL 

FeeL 

Seeond-feH. 

1.00 

55 

2.30 

815 

3.60 

2, 610 

4.90 

5,100 

1.10 

81 

2.40 

911 

3.70 

2,770 

5.00 

5,320 

1.20 

107 

2.50 

1,010 

3.80 

2,940 

5.10 

5,660 

1.30 

138 

2.60 

1,140 

3.90 

3,100 

5.20 

5,790 

1.40  . 

173 

2.70 

1,280 

4.00 

3,270 

5.30 

6,030 

1.50 

208 

2.80 

1,420 

4.10 

3,460 

5.40 

6,200 

1.60 

263 

2.90 

1,550 

4.20 

3,660 

5.60 

6,600 

1.70 

318 

3.00 

1,690 

4.30 

3,840 

5.60 

6,760 

1.80 

381 

3.10 

1,840 

4.40 

4,030 

5.70 

7,020 

1.90 

453 

3.20 

1,990 

4.50 

4,220 

5.80 

7,280 

2.00 

525 

3.30 

2,140 

4.60 

4,440 

5.90 

7,540 

2.10 

622 

3.40 

2,290 

4.70 

4,660 

6.00 

7,800     1 

2.20 

718 

3.60 

2,440 

4.80 

4,880 

Note.— Discharge  for  gage  heights  above  5  feet  from  logarithmic  extension  of  rating  curre. 
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Mean  daily  discharge^  in  second-feet,  of  Eaopus  Creek  near  Olivebridge,  N.  Y.,for  190S 

and  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1903. 
1 

60 

68 

65 

39 

52 

65 

52 

117 

152 

84 

124 

8,940 

2,290 

1,662 

2,290 

1,840 

1,806 

1,010 

816 

853 

3,202 

2,260 

815 
622 
482 
468 
410 
840 
307 
268 
252 
230 
201 
183 
187 
152 
141 
181 
97 
99 
208 
159 
252 
180 
845 
219 
173 
152 
184 
127 
110 
145 
148 

296 
190 
159 
145 

124 
110 
104 
155 
1,140 
670 
699 
475 
895 
867 
307 
881 
285 
252 
219 
246 
241 
208 
187 
1,060 
641 
453 
410 
874 
352 
381 
307 
396 
7,072 
8,992 
3,308 

1,976 
1,392 
970 
796 
622 
511 
439 
867 
829 
296 
252 
235 
280 
208 
187 
176 
4S9 
544 
823 
263 
230 
206 
201 
180 
169 
159 
169 
166 
145 
131 

117 
112 
112 
97 
112 
115 
104 
892 

(«) 

7,020 

3,202 

2, 110 

1,446 

1,060 

931 

737 

660 

853 

699 

670 

608 

544 

544 

518 

511 

388 

367 

352 

345 

840 

312 

807 
801 
296 
285 
881 
828 
241 
274 
274 
274 
263 
257 
241 
230 
280 
252 
796 
1,080 
853 
680 
683 
564 
685 
503 
446 
359 
340 
352 
296 
829 

823 

o 

318 

3 

286 

4 

328 

5 

881 

6 

828 

7 

219 

8 

213 

9 

206 

10 

285 

11 

274 

12 

807 

13 

1,406 

M 

603 

15 

439 

16 

489 

17 

••.•■•« 

' 

410 

18 

1 

867 

279 

20 

1,676 

2,706 

22 

1,480 

1 

2,220 
3,460 
2,290 
1,480 
1,060 

796 
1,088 

981 

296 
398 
388 
301 
268 
268 
496 
482 
1,990 
1,920 
1,000 
766 
588 
518 
431 
431 
431 
834 
301  1 
301  ' 

960 

24 

825 

25 

94 
81 
60 
73 
68 
68 
68 

1,684 
1.238 
1,010 
892 
776 
699 
622 
544 
508 
460 
446 
888 
352 
329 
583 
718 
554 
544 
632 
815 

815 

26 

825 

482 

2?* 

1 

467 

1 

896 

30 

1 

446 

408 

1904. 

895 

367 

359 

829 

818 

829 

608 

1,088 

1,140 

1,224 

1,168 

1.168 

482 

1,010 

892 

892 

873 

892 

873 

981 

482 
829 
395 
840 
874 
359 
1,498 
1,960 
1,036 
815 
T76 
622 
593 
564 
496 
367 
352 
359 
439 
446 

828 

859 

641 

718 

475 

431 

2,060 

4,120 

2,096 

1,392 

1,049 

844 

766 

641 

573 

503 

874 

458 

503 

766 

1,975 

2,220 

1,684 

1,182 

1,101 

1,000 

1.238 

1,483 

2,425 

2,620 

1,810 

1,433 

1,154 

951 

815 

786 

680 

612 

664 

496 

2 

........ - 

1 

4 

6...'..  . 

h 

10 

12 

1 

14 

( 

^ 

16 

IH 

20 

a  Above  rating  table. 
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STREAM   MEASUBEHENTS   IK   1904,  PAST   II. 


[NO.  125. 


Mean  daily  discharge^  in  second-feel^  of  Esopus  Greek  near  Olivd>ridge,  N.  F.,  etc. — Cont'd. 


Day 


1904. 


21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Jan. 


990 

1,336 

2,610 

1,262 

796 

718 

641 

503 

564 

508 

496 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Au«. 

Sept. 

Oct.      Not.     J}^. 

417 
424 
853 
612 
482 
388 
460 
431 
359 

612 
503 
1,210 
1,878 
1,760 
5,814 
3,327 
1,920 
1,350 
1,086 
931 

482 

458 

424 

410 

460 

593 

641 

3,084 

2.906 

2,005 

680 
583 
535 
603 
482 
475 
439 
881 
318 
318 
301 

285 
268 
241 

i                    1                                           1" 
1                   1 

1 

1 

208 

1 

1 

197 
176 
155 
888 
141 

1 

1 

, 

1 

187 

, r      - 

1 
....„ 1 .    _ 

1 ...... . 

' 

1 

i 

EslimoLed  monthly  discharge  of  Esopus  Creek  near  OHvebridge,  N.  F.,  for  190S  and  1904^ 

[Drainage  area,  242  square  miles.] 


^    Month. 


1903 

May  25-31 

June 

July 

August 

September 

October,  30  days 

Noveml^er 

December 

1904 

January  

February  

March 

April 

May 

June 


Discharge  in  second-feet. 


Run-off. 


Maximum. 


94 

3,940 

815 

7,072 

1,975 

(«)    ■ 
1,080 

2,706 

2,610 
1,960 
5,814 
3,084 
1,634 
1,990 


Minimum. 


Mean. 


60 

39 

97 

104 

131 

97 

230 

208 

318 
329 
323 
410 
301 
141 


73 

1,189 
249 
817 
412 
863 
405 
608 

830 
587 
1,259 
1,250 
605 
472 


Second-feet  '  Tfc^_.,K  t« 


0.302 

4.91 

1.03 

3.38 

1.70 

3.57 

1.67 

2.51 

3.43 
2.43 
5.20 
5.17 
2.50 
1.95 


0.079 

5.48 

1.19 

3.90 

1.90 

3.  as 

1.86 
2.89 

3.a5 
2.62 
6.00 
ft.  77 

2.  as 

2-18 


a  Above  rating  table. 


ESOPU8  CREEK   AT   KINGSTON,  N.  Y. 


A  gaging  station  was  established  at  the  Washington  Street  Bridge 
on  Esopus  Creek,  in  Kingston,  N.  Y.,  July  5, 1901.  The  stage  of  the 
stream  has  been  observed  twice  each  day  from  a  chain  and  weight 
gage  attached  to  the  bridge.     In  winter  and  at  times  when  the  stream 


"*^?nd^ho"t7""']       HUDSON   RIVER   DRAINAGE   BASIN. 


67 


was  more  or  less  obstructed  by  ice  special  discharge  measurements 
were  made  from  which  a  rating  curve  applicable  to  periods  when  the 
stream  was  frozen  have  been  derived.  This  gives  a  considerably 
smaller  discharge  at  a  given  stage  of  the  stream  than  does  a  regular 
rating  curve  for  the  cross  section  derived  from  the  measurements  in 
open  section. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  measurements  of  Esopus  Creek  cU  Kingston^  N.  }".,  in  1904- 


Date. 

Hydrographer. 

Area. 

Mean 
velocity. 

Gage 
height. 

Discharge. 

Sq.A 

Jn.  per  tec. 

End. 

Second-feet. 

June  20 

R.  E.  Horton 

255 

0.S4 

4.72 

214 

September  15 .. 

Covert  and  Swancott 

506 

2.28 

7.18 

«  1, 161 

September  19 . . 

do 

289 

1.04 

5.15 

281 

a  Approximate;  stream  rising  rapidly. 
Mean  daily  gage  height^  in  feel,  of  Esopus  Creek  at  Kingston,  N.  Y.,for  1904. 


Day. 

Jan. 

7.61 
7.41 
6.71 
6.26 
6.71 
6.60 
6.89 
6.83 
6.71 
6.81 
6.71 
6.46 
6.36 
6.41 
6.37 
6.26 
6.16 
5.99 
6.79 
6.81 
5.76 
6.11 
7.96 
10.91 
9.41 
8.61 
8.26 
7.76 
7.66 
7.76 
7.55 

Feb. 

7.41 
6.16 
7.01 
6.96 
6.81 
6.73 
7.46 
12.17 
9.85 
8.99 
8.51 
8.31 
7.86 
7.76 
7.66 
7.41 
6.99- 
6.86 
6.92 
6.82 
6.72 
7.91 
9.73 
8.51 
8.09 
7.46 
7.41 
7.33 
7.31 

Mar. 

7.26 

7.26 

7.36 

9.45 

8.15 

7.74 

9.26 

18.23 

14.85 

12.18 

10.95 

10.00 

9.10 

8.65 

8.25 

7.80 

7.40 

7.60 

7.10 

7.78 

8.39 

8.04 

9.02 

9.74 

9.95 

14.63 

13.66 

10.50 

9.20 

8.40 

8.28 

Apr. 

May. 

9.35 
8.60 
8.05 
7.70 
7.37 
7.09 
6.86 
6.63 
6.46 
6.32 
6.19 
6.06 
5.92 
5.82 
5.92 
7.28 
6.83 
6.62 
6.73 
7.45 
7.01 
7.67 
6.45 
6.31 
6.08 
6.11 
6.11 
6.75 
6.68 
.5.51 
6.68 

June. 

July. 

Aug. 

4.32 
4.32 
4.28 
4.29 
4.19 
4.22 
4.09 
4.11 
4.19 
4.21 
6.26 
.5.04 
4.76 
4.62 
4.46 
4.42 
4.26 
4.36 
4.62 
5.06 
6.11 
5.44 
6.81 
5.13 
4.83 
4.83 
4.65 
4.57 
4.47 
4.44 
4.37 

Sept. 

Oct. 

1 

10.85 
11.48 
10.13 
9.08 
8.62 
8.41 
8. 53 
8.92 
10.07 
10.89 
9.82 
9.03 
8.47 
8.00 
7.62 
7.52 
7.22 
7.09 
6.86 
6.72 
6.58 
6.41 
6.27 
6.17 
6.21 
6.58 
6.75 
9.60 
11.63 
9.86 

6.44 
5.40 
5.80 
5.50 
6.81 
5.30 
6.72 
6.27 
12.14 
11.14 
6.68 
7.91 
7.23 
6.79 
6.46 
6.19 
5.93 
5.71 
5.50 
6.40 
5.29 
5.16 
.5.01 
5.10 
4.96 
4.75 
4.70 
4.60 
4.70 

A.ri 

6.27 
6.18 
4.85 
4.74 
4.65 
4.62 
4.66 
4.65 
4.59 
4.48 
4.48 
4.45 
4.46 
4.34 
4.30 
4.28 
4.33 
4.69 
4.88 
4.68 
4.36 
4.26 
4.28 
4.23 
4.10 
4.40 
4.33 
4.33 
4.18 
4.82 
4.51 

4.37 
4.30 
4.31 
4.81 
4.70 
4.57 
4.36 
4.29 
4.30 
4.31 
4.29 
4.09 
4.24 
4.44 
7.22 
6.54 
6.68 
6.33 
6.14 
4.90 
4.80 
4.68 
4.62 
4.69 
4.62 
4.50 
4.55 
4.52 
4.50 
4.70 

•••■••■ 

4.82 

2 

4.58 

3 

4 

6 

4.50 
4.62 
4.32 

6 

4.32 

7 

4.38 

8 

4.30 

9 

4.25 

10 

4.28 

11 

4.36 

12 

4.42 

13 

4.90 

14 

4.88 

15 

4.70 

16 

4.54 

17 

4.60 

18 

4.60 

19 

4.58 

20  

4.60 

21 

11.29 

22 

13.84 

23 

9.09 

24 

8.42 

26 

7.20 

26 :. 

6.82 

27 

6.65 

28 

6.26 

29 

6.02 

30 

5.85 

31 

5.70 

5.58 
6.48 
.5.38 
5.30 
6.26 
6.82 
.5.32 
5.16 
6.10 
5.10 
6.02 
4.98 
4.90 
5.80 
6.66 
5.62 
6.72 
5.52 
6.42 
6.35 
5.88 
6.40 
6.25 
6.18 
6.12 
6.95 
5.70 
6.00 
6.92 
6.00 


5.52 
5.50 
6.  .55 
6.88 
.5.40 
6.32 
6.42 
6.30 
5.29 
4.90 
4.80 
4.74 
5.12 
5.00 
4.88 
5.18 
6.12 
5.08 
5.12 
6.15 
.5.12 
6.02 
5.05 
5.15 
6.80 
5.48 
.5.45 
10.60 
9.66 
8.71 
8.18 
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STREAM   MEASUREMENTS   IN   1904,  PART   II. 


I  NO.  125. 


Rating  table  for  Esopus  Creek  at  KmgM,on^  N.  >'.,  from  July  5, 1901,  to  December  SI,  1904- 


Gage 
height. 

Discharge. 

1 

Feet. 

Second'/eet. 

3.50 

8 

8.60 

22 

3.70 

36 

3.80 

49 

3.90 

63 

4.00 

77 

4.10 

94 

4.20 

110 

4.30 

127 

4.40 

143 

4.50 

160 

4.60 

180 

4.70 

200 

4.80 

220 

4.90 

240 

5.00 

260 

5.10 

285 

5.20 

309 

5.30 

334 

5.40 

358 

5.50 

383 

5.60 

412 

5.70 

441 

5.80 

469 

1 

5.90 

498  ' 

6.00 

527 

6.10 

562 

6.20 

596 

6.30 

631 

6.40 

G65    ; 

6.50 

700 

Feet. 
6.60. 
6.70 
6.80 
6.90 
7.00 
7.10 
7.20 
7.30 
7.40 
7.50 
7.60 
7.70 
7.80 
7.90 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
0.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 


Second-feet. 
741 
782 
823 
864 
905 
950 
995 
040 
085 
130 
179 
227 
276 
324 
373 
480 
587 
700 
820 
940 
074 
208 
348 
495 
642 
797 
952 
112 
276 
440 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 


Feet. 
11.20 
11.40 
11.60 
11.80 
12.00 
12.20 
12.40 
12.60 
12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 
14.80 
«15.00 
15.  20 
15.40 
15.60 
15.80 
16.00 
16.20 
16.40 
16.60 
16.80 
17.00 


Discharge. 


Gage 
height. 


Second-feet.  \ 
3,620 


3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
/ 
7 
7 
7 
8 

8 
9 

9 


800 
980 
160 
340 
528 
716 
909 
107 
305 
499 
693 
888 
084 
280 
484 
688 
894 
102 
310 
522 
734 
950 
170 
390 
666 
942 
204 
452 
700  I 


Dl5»charjfe. 


F\xL 

17.20 

17.40 

17.60 

17.80 

18.00 

18.20 

18.40 

18.60 

18.80 

19.00 

19.20 

19.40 

19.60 

19.80 

20.00 

20,20 

20.40 

20.60 

20.80 

21.00  . 

21.50  i 

22.00 

22.50 

23.00 

23.50 

24.00 

24.50 

25.00 

25.50 

26.00 


Second-feet. 
9,940 
10,  180 
10,420 
10,660 
10,900 
11,220 
11,540 
11,840 
12, 120 
12,400 
12,720 
13,040 
13,  340 
13,620 
13,900 
14,240 
14,580 
14,920 
15,260 
15,t500 
16,500 
17,400 
18,350 
19,300 
20,300 
21,300 
22,  a50 
23,400 
24, 500 
25,600 


<>Ix)garithiiiic  extension  above  15  feet. 
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Afean  daily  discharge^  in  necond-feety  of  Esopus  Creek  at  Kingston,  N,  F.,  for  J904. 


Day. 


Jan.n    Feb.  a 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15- 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


955 
868 
606 
476 
608 
608 
674 
649 
608 
641 
608 
529 
502 
516 
609 
476 
450 
410 
865 
S65 
354 
436 
1,120 
2,900 

25 1,980 

26 1,460 

27 !  1,270 

28 1  1,030 

29 978 

30 1,090 

31 932 


868 

450 

707 

690 

641 

616 

888 

3,710 

2,210 

1,680 

1,400 

1,300 

1,070 

1,020 

932 

868 

707 

G58 

682 

649 

616 

1,090 

2,130 

1,400 

1.190 

888 

868 

838 

828 


Mar. a'  Apr.     May. 


June.    July. 


808 
808 
848 
1,960 
1,220 
1,020 
1,840 

(<') 
5,410 

3,710 

3,000 

2,310 

1,740 

1,480 

1,270 

1,050 

868 

955 

747 

1,270 

1,580 

1,390 

1,950 

2,450 

2,600 

6,920 

5,940 

3,030 

2,070 

1,590 

1,520 


3,320 

3,870 

2,740 

1,990 

1,710 

1.590 

1,660 

1,890 

2,700 

3,360 

2,510 

1,960 

1.620 

1,870 

1.190 

1,140 

1,000 

945 

848 

790 

733 

669 

620 

586 

600 

733 

803 

2,350 

3,910 

2,530 


2, 170 

1,700 
I  1,400 

1,280 

1,070 
946 
844 
753 
686 
638 
593 
548 
504 
475 
504 

1,060 
835 
742 
794 

1,110 
910 

1,210 
683 
634 
555 
565 
565 
455 
406 
386 
406 


868 
358 
469 
383 
335 
334 
790 
620 
4,480 
3,570 
758 
1,330 
1,010 
819 
686 
593 
507 
443 
383 
358 
331 
299 
262 
285 
250 
210 
200 
198 
20U 
204 


620 
304 
230 
208 
190 
184 
192 
190 
178 
157 
157 
152 
152 
133 
127 
123  I 
132 
178 
286 
176 
137 
120 
128 
115 
94 
143 
132 
132 
107 
224  i 
162 


130 
130 
123 
125 
108 
113 

92 

95 
108 
112 
614  I 

270 ; 

212  I 

184 

153 

147 

120 

137  ' 

164 

274 

565 

368 

336 

292 

226 

226 

190 

174 

155 

150 

138 


188 
127 
128 
222  I 
200 
174 
137 
125 
127 
128 
125 
92 
117 
150 
1,004 
716 
434 
341 
294 
240 
220 
196 
184 
178 
164 
160 
170 
164 
160 
200 


Nov.  Dec. 


224 
176 
160 
164 
130 
130 
140 
127 
119 
128 
135 
147 
240 
236 
200 
168 
160 
180 
176 
160 
3,700 
6,120 
2,000 
1,600 
995 
831 
720 
613 
534 
484 
440 


406 
378 
858 
334 
821 
889 
339 
297 
284 
284 
264 
256 
240 
469 
426 
418 
447 
889 
363 
346 
492 
665 
613 
589 
569 
612 
440 


889 
888 
897 
492 
*2T7 
267 
277 
267 
257 
180 
168 
146 
217 
197 
180 
287 
217 
217 
217 
287 
217 
197 
197 
287 
365 
297 
277 


627  rf2,660 


504 
527 


I 


2,050 
1,510 
1,240 


o  Record  from  January  1  to  March  20  from  ice  curve. 

ft  Record  from  December  5  to  December  31,  inclusive,  from  Ice  curve. 

o  Above  rating  table. 

<f  Record  approximate.    Ice  jam  below  bridge  December  28  to  31. 

Estimated  morUlUtf  discharge  of  Esopus  Creek  at  Kingston^  N.  11,  for  1904- 

[Drainage  area,  324.6  m^uare  miles.] 


Discharge  in  second-feet. 


Month. 


January 

February 

March,  30  days. 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Maximum. 


2,900 

3,710 

6,920 

3,910 

2,170 

4,480 

620 

614 

1,004 

6,120 

665 

2,660 


Minimum. 


Mean. 


Run-off. 


Second-feet 

per  square 

mile. 


354 

802 

450 

1,089 

747 

2,112 

586 

1,725 

386 

818 

198 

701 

94 

178 

92 

201 

92 

227 

119 

688 

240 

413 

146 

466 

2.47 
3.36 
6.51 
5.32 
2.52 
2.16 
.549 
.619 
.700 
2.12 
1.27 
1.44 


Depth  in 
inches. 


2.85 
3.62 
7.26 
5.94 
2.91 
2.41 
.633 
.714 
.781 
2.44 
1.42 
1.66 


70 
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[so.  12 


WAPPINOER  CREEK  NEAR  WAPPINGER  FALLS,  N.  T. 

This  Btation  was  established  at  the  first  highway  bridge  crossing 
Wappinger  Creek  above  the  village  of  Wappinger  Falls,  May  19, 19<'3. 

Observations  of  the  stage  of  the  stream  on  a  graduated  vertical 
scale  attached  to  the  central  bridge  pier  are  taken  twice  eaoh  da3"  bv 
Lee  Jackson.  Wappinger  Creek  is  tributary  to  Hudson  River.  The 
drainage  basin  comprises  a  hilly  plateau  400  to  600  feet  above  tide, 
nearly  rectangular  in  shape,  and  including  numerous  small  lakes  and 
marsh  areas.  Winding  branched  tributaries  gather  the  run-off  from 
the  numerous  hills  which  dot  the  area.  At  a  point  about  16  mile.s 
from  the  mouth  of  the  stream  the  basin  becomes  much  narrower  and 
the  differences  of  elevation  are  of  less  magnitude.  The  stream  flows 
near  the  right-hand  side  of  a  valley  3  to  4  miles  in  width,  gradually 
descending  to  Wappinger  Falls,  where  it  makes  a  sudden  descent  to 
nearly  tide-water  level,  the  elevation  of  the  Wappinger  Pond  being 
about  78  feet.« 

Draiiiage  areas  of  Wappinger  Creek. 


Location. 


East  Branch  of  Wappinger  Creek  above  Stanford ville. 

East  Branch  above  junction  with  West  Branch , 

West  Branch  above  mouth , 

Total  area  of  East  and  West  branches 

Wappinger  Creek  above  Van  W^agner*8 

Wappinger  Creek  above  Central  Falls 

Wappinger  Creek  above  gaging  station 

W^appinger  Creek  above  Wappinger  Falls 

Wappinger  Creek  above  mouth 


lo  place.     I       niiles. 


I 


40.0 
67.4 
33.8 


33.8 
14.7 
4.78 
7.81 
13.7 


40.0 
107.4 

141.2 
175.0 
189.7 
194.4 
202.2 
215, 9 


The  bridge  from  which  the  gagings  are  made  has  two  spans  of  43.4 
feet  and  4G.5  feet,  respectively.  The  channel  of  the  stream  is  sand  and 
gravel,  with  some  bowlders.  The  stream  is  straight  for  a  distance  of 
about  250  feet  above  the  bridge  and  about  31K)  feet  downstream  from 
the  bridge.  The  bench  mark  is  a  spike  in  the  root  of  blazed  tree,  south 
aide  of  road,  50  feet  east  of  bridge.  Assumed  elevation  is  100.00  feet. 
Elevation  above  datum  plane  of  gage  is  90.81  feet.  But  little  power 
is  developed  on  the  stream.  At  Wappinger  Falls  a  bleaching  and 
dyeing  establishment  utilizes  22  feet  fall. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

a  The  drainage  basin  is  shown  on  the  Poughkeepsie,  Rhinebeck,  Millbrook,  and  CloTe  sheets  of  the 
United  SUtes  Geological  Survey  Topographic  Atlas,  from  which  the  drainage  area  as  given  has  been 
determined. 


lIORTOy 


AND  HO^T?^^"']       HUDSON    RIVEB    DRAINAGE    BASIN. 


71 


Discharge  measurementa  of  Wappinger  Creek  near  Wappinger  Falhy  X.  }'.,  in  1904, 

I  I  t 

HydrogTOpher.  ;|^„«'_  ,     ^f^/,',,       ^^°f^^^   j  Di»charge. 


Date. 


June  29 

R.  E.  Horton 

151 
325 

Ft.  per  8ec. 
0.57 
1.35 

Feet. 
0.45 
2.04 

Sec. -feet. 

86 

September  17 .. 

Covert  and  Swancott 

438 

Mean  daily  gage  height  j  in  feet,  of  Wappinger  Vreek  near  Wappinger  FalU^  N,  Y.^frr 

1904. 


Day. 

Jan. 

2.20 
2.20 
2.20 

Feb. 

3.70 
3.70 
3.70 
8.70 
3.70 
2.80 
3.45 
4.85 
3.30 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
8.10 

Mar. 

2.90 
2.75 
4.20 
6.96 
5.00 
3.70 
8.65 
8.60 
7.65 
7.06 
6.80 
4.70 
4.65 
2.95 
1.75 
1.56 

Apr. 

2.75 
3.20 
2.85 
2.55 
2.20 
2.00 
2.06 
2.05 
2.05 
2.05 
2.05 
1.96 
1.90 
1.80 
1.75 
1.65 

May. 

2.00 

1.80 

1.55 

1.50 

1.45 

1.36 

1.25 

1.15 

1.15 

1.06 

1.05 

.96 

.90 

.86 

.85 

.85 

June. 

1.15 
1.00 
.95 
.96 
.96 
1.55 
1.55 
1.40 
4.75 
8.95 
3.10 
2.25 
1.90 
1.65 
l.SO 
1.30 

July. 

2.20 
1.55 
1.10 
.85 
.85 
1.10 
.80 
.65 
.55 
.55 
.60 
.66 
.60 
.50 
.45 
.46 

Aug. 

Sept. 

-0.10 

-  .10 
-.05 

-       .ttT 

.00 

-  .05 

-  .05 
.ft5 

-  .05 
.10 
.15 
.06 

-  .05 
.85 

3.00 
2.85 

Oct. 

0.90 
.92 
.80 
.75 
.72 
.70 
.65 
.62 
.60 
.58 
.52 
1.00 
1.42 
1.15 
.95 
.78 

Nov. 

0.90 
.88 
.85 
.82 
.80 
.80 
.80 
.78 
.75 
.72 
.70 
.70 
.70 
1.00 
1.80 
1.22 

Dec. 

1 

0.45 
.15 
.15 
.15 
.15 
.15 
.16 
.15 
.10 
.15 
.45 
.90 
.60 
.45 
.25 
.15 

1.00 

2 

1.22 

3 

1.30 

4 

1.40 

5 

1.38 

6 ' 

1.35 

7 

1.80 

8 

1.30 

9 

2.20 
2.20 

1.30 

10  

1.30 

11 

1.30 

12 

1.30 

13 ' 

1.30 

1 
14 

1.30 

15 1 

1.30 

16 

2.20 

1.30 

17 

2.20 

3.10 

1.45 

1.65 

1.05 

1.15 

.46 

.15 

1.95 

.75 

1.18 

1.30 

18 

2.20 

3.10 

1.45 

1.55 

1.20 

1.00 

.80 

.15 

1.48 

.Tl 

1.12 

1.30 

19 

2.20 

8.10 

1.55 

1.40 

1.20 

.95 

1.20 

.15 

1.28 

.70 

.95 

i.:« 

20 

2.20 

3.10 

2.65 

1.35 

1.15 

.85 

.70 

.25 

1.08 

.65 

.90 

1.30 

21 

2.20 

3.10 

2.40 

1.25 

1.06 

.85 

.55 

.25 

1.00 

1.75 

.82 

1.80 

22 

2.20 

3.20 

2.10 

1.15 

.95 

.75 

.50 

.40 

.86 

2.95 

.72 

1.30 

23 

2.40 

4.45 

2.55 

1.05 

.90 

.70 

.46 

.15 

.78 

2.20 

.65 

1.30 

24 

5.15 

4.20 

2,70 

1.06 

.85 

.65 

.45 

-  .25 

.72 

l.?2 

.60 

1.30 

25 

4.10 
3.75 
3.70 
8.70 
3.70 
8.30 
3.70 

3.46 
2.96 
2.80 
2.90 
8.30 

2.60 
2.65 
2.70 
2.30 
1.85 
1.96 
1.96 

1.06 
1.10 
1.15 
2.90 
2.85 
2.35 

.85 
1.40 
2.95 
2.00 
1.25 
1.25 
1.35 

.65 
.65 
.55 
.50 
.60 
.90 


.43 
.35 
.35 
.35 
.35 
.35 
.45 

-  .20 
.10 
.05 
.05 
.05 

-  .05 
.00 

1.12 
1.25 
1.18 
1.00 
.98 
.96 

1.62 
1.42 
1.88 
1.25 
1.12 
1.00 
.95 

.78 

.98 

.90 

1.22 

1.25 

1.18 

1.40 

26 

1.30 

27 

1.58 

28 

4.40 

29 

4.a5 

30 

3.50 

31 

3.20 

CROTON   RITER  AT  OLD  CROTOX   DAM,  NEW  TORK. 

Croton  River  drains  an  area  of  rough,  irregular  topography  situated 
east  of  Hudson  River,  to  which  it  is  tributary  at  Croton  Landing. 
A  gaging  record  has  been  maintained,  beginning  January,  1868,  at 
the  old  Croton  dam.  The  record  includes  the  amount  wasted  over  the 
dam  and  the  diversion  to  New  York  City  for  municipal  supply  through 
Croton  aqueduct.**    The  following  table  shows  the  monthly  mean  dis- 

aPull  description  of  methods  of  gaging,  and  results  for  tlie  years  1868  to  1899,  inclusive,  may  be 
found  in  Supplement,  State  Engineer's  Report  for  1902.  Report  on  Gaglngs  of  the  Volume  of  Dis- 
charge of  Streams,  by  Robert  E.  Horton,  hydrographer,  pp.  290-299,  inclusive. 
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charge  at  the  Croton  dam  from  July,  1901,  to  September,  1903,  inclu- 
sive. The  data  given  has  been  deduced  from  a  table  of  3'ield  in 
gallons  per  squstre  mile  per  day,  given  in  Report  of  New  York  Water 
Supply  Commission,  page  220.  The  drainage  area  above  the  old 
Croton  dam  is  338.8  square  miles,  comprising  3.6  per  cent  water 
surface. 

Estimaied  irwnlKLy  discharge  of  Croton  River  at  old  Croton  dam.  New  York,  1901-1 90S. 

[Dralna^  area,  339  square  miles.] 


Month. 


1901. 


July 

Aagust 

September . 
October  ... 
November . 
December  , 

January  . . . 
February . . 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November . 
December  . 


1902. 


The  year 


1903. 


January . 
February 
March . . . 


May 

June 

July 

August 

September , 


Mean  dis- 
charge in 
second- 
feet. 


393 
1,119 
644 
752 
359 
1,308 


Gallons  per 

square  mile 

per  day. 


749,000 
2,131,000 
1, 232, 000 
1,432,000 

685,000 
2, 491, 000 


1,166 
803 

2,962 
922 
515 
241 
220 
183 
170  ' 
654 
451  \ 

1,484  I 


2, 223, 000 

1, 529, 000 

5,638,000 

1,759,000 

982,000 

458,000 

422,000 

352,000 

322, 000 

1,246,000 

860,000 

2,  827, 000 


1,050 
1,156 
1,776 

April !     1,027 

210 
956 
454 
454 
549 


1, 998, 000 

2,202,000 

3,380,000 

1,957,000 

399,000 

1,818,000 

867,000 

867,000 

1,051,000 


Run-off. 


Second-feet 

per  square 

mfle. 


2.40 


3.10 
3.41 
5.24 

3.  as 

.619 
2.82 
1.34 
1.34 
1.62 


1.16 
3.30 
1.90 
2.22 
1.06 
3.86 

3.44 

2.37 

8.74 

2.72 

1.52 

.711 

.649 

.540 

.501 

1.93 

1.33 

4.38 


Depth 

in 
inches. 


1.34 
3.80 
2.12 
2.56 
1.18 
4.45 


3.97 
2.47 
10.08 
3.03 
1.75 
.793 
.748 
.623 
.559 

1.48 
5.05 

32.77 


3.57 
3.54 
6.04 
3.38 
.714 
3.15 
1.54 
1.54 
1.81 
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MISCELLANEOUS  MEASUREMENTS  IN   HUDSON   RIVER   DRAINAGE   BASIN. 

The  following  miscellaneous  measurements  were  made  in  the  Hud- 
son River  drainage  basin  during  1904,  by  R.  E.  Horton. 

Miscellaneous  measurements  in  Hudson  River  drainage  basin. 


Date. 

• 

Stream. 

Locality. 

Qage 
height. 

DIflchaige. 

May  18 

September  13  . . 

Nine  Mile  Creek 

do 

Powell    Bridee    near 
Oriskany,  N.  Y. 

-...do 

a  21.  04 

«22.17 
ft  9. 57 

Secondrfeet. 
39 

20 

Angiist25 

Champlain   Canal 
feeder. 

Glen  Falls,  N.  Y 

302 

a  Distance  of  water  surface  below  the  top  of  the  outer  downstream  tie  bar,  15  feet  from  the  left  end 
of  the  bridge. 

b  Distance  of  water  surface  below  the  top  stone  of  the  bridge  seat  at  the  left  end,  downstream 
side. 

PASSAIC  RIVER  DRAtNTAGE  BASIN. 

Passaic  River  rises  in  Somerset  and  Morris  counties,  N.  J.  Above 
its  confluence  with  Pompton  River,  its  main  tributary,  it  meanders 
through  a  flat  country  of  Triassic  red  sandstone,  to  which  in  large 
measure  must  be  attributed  the  turbidity  of  its  waters.  In  contrast 
with  the  sluggish,  muddy  character  of  the  Passaic,  the  Pompton  is  a 
rapid  stream  and  its  waters  are  clear.  It  drains  parts  of  Sussex,  Pas- 
saic, and  Morris  counties,  and  traverses  for  a  large  part  of  its  course 
a  country  of  hard,  crystalline  rocks  and  heavy  forests,  the  general 
level  of  which  is  several  hundred  feet  above  that  of  the  Passaic.  At 
their  confluence  the  Pompton  enters  with  a  current  which  carries  it 
well  toward  the  right  bank  of  the  Passaic,  and  at  times  of  flood 
causes  much  backwater  in  the  latter. 

The  flow  of  Passaic  River  is  of  special  interest  from  the  fact  that 
several  large  cities  in  its  drainage  basin  take  their  public  water  supplj^ 
from  it,  and  because  of  the  valuable  water-power  privileges  along  its 
course,  particularly  at  the  city  of  Paterson.  Several  cities,  including 
Paterson  and  Passaic,  throw  their  sewage  into  this  stream,  and  in  the 
lower  part  of  its  course  it  becomes  so  polluted  as  to  be  offensive  to 
property  holders  along  its  banks  and  to  seriously  interfere  with  the 
comfort  and  health  of  the  inhabitants  of  several  towns. 

The  highest  recorded  flood  which  has  occurred  on  this  drainage 
basin  was  that  of  October,  1903.  The  estimated  discharge  at  Dundee 
dam  was  35,800  second-feet.  This  flood  is  fully  described  in  Water- 
Supply  Paper  No.  92.  The  flood  began  at  6.30  p.  m.  October  8, 1903, 
and  lasted  until  midnight  October  18, 1903,  the  maximum  height  being 
reached  at  9  p.  m.  October  10,  1903.  There  was  a  total  rainfall  of 
11.74  inches  in  thirty-six  hours. 
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The  United  States  Geological  Survey  maintained  gaging  stations  in 
this  basin  in  1904  as  follows:  Passaic  River  at  Millington,  N.  J.; 
Passaic  River  near  Chatham,  N.  J.;  Pompton  River  at  Pompton 
Plains,  N.  J.;  Ramapo  River  near  Mahwah,  N.  J.;  Wanaque  River 
near  Wanaque,  N.  J. ;  Rockaway  River  near  Boonton,  N.  J. 

PASSAIC   RIVER  AT  MILLINGTON,  K.  J. 

This  station  was  established  November  25,  1903,  by  F.  H.  Tilling- 
hast.  It  is  located  at  the  lower  highwa}'  bridge  at  Millington,  N.  J. 
The  standard  boxed  chain  gage  is  fastened  to  the  wooden  hand  rail  on 
the  downstream  side  of  the  bridge.  The  pulley  wheel  is  located  at  a 
point  24  feet  from  the  right  abutment.  The  length  of  the  chain  from 
the  end  of  the  weight  to  the  marker  is  14.17  feet.  Bench  mark  No.  1 
is  a  square  chisel  draft  on  the  corner  of  the  right  abutment  at  the 
downstream  side.  Its  elevation  is  11.82  feet  above  gage  datum. 
Bench  mark  No.  2  is  the  top  of  a  nail  2  feet  from  the  ground  in  an  elm 
tree  150  feet  east  of  the  bridge.  Its  elevation  is  13.57  feet  above  gage 
datum.  Bench  mark  No.  3  is  the  top  of  the  circular  iron  bridge  chord 
or  tension  bar  directly  under  the  pulley.  Its  elevation  is  8.97  feet 
above  gage  datum.  Bench  mark  No.  4  is  the  top  of  the  wooden  rail 
of  the  bridge  at  the  pulley.  Its  elevation  is  13.44  feet  above  gage 
datum.  Discharge  measurements  are  made  from  the  downstream  side 
of  the  old  wooden  truss  bridge,  to  which  the  gage  is  attached.  The 
bridge  has  a  span  of  69.7  feet.  The  initial  point  for  soundings  is  the 
vertical  face  of  the  right  abutment  on  the  downstream  side.  The  chan- 
nel is  straight  for  600  feet  above  and  200  feet  below  the  station.  The 
current  has  a  moderate  velocity.  Both  banks  are  high,  without  trees, 
and  are  not  subject  to  overflow.  The  bed  of  the  stream  is  composed 
of  gravel,  with  a  few  scattered  bowlders,  and  is  permanent.  The  sec- 
tion is  shallow.  There  is  but  one  channel  at  all  stages.  The  gage  is 
read  twice  each  day  by  Mary  I.  Bray. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  meaanremenU  of  Passaic  River  ai  Millington,  N.  J.,  in  1904- 


Date. 


April  9 

May  13 

June 4 

August  1 

November  9 


Hydrogn^pher. 


F.  H.  Tillinghast. 
F.  H.  Brundage.. 

J.  C.  Hoyt 

do , 

11.  D.  Comstock.. 


Width. 
Feet. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Sq.feet. 

Ft.  pcrtec. 

Feet. 

65 

90 

1.48 

2.12 

57 

37.2 

1.02 

1.36 

63 

63. 

1.19 

1.65 

55 

27. 

.77 

1.20 

62 

44. 

.88 

1,42 

1 

Dis- 
charge. 


Scc./eti. 
133. 
37.8 
75. 
21. 
38. 


HORTON 
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Mean  daily  gage  heighly  in  feet ,  of  Pasaaic  River  at  Millingion,  N,  J.,  for  1904. 


Month. 

Jau. 

2.22 
2.15 
2.15 
2.12 
2.10 
2.08 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.12 
2.10 
2.15 
4.78 
5.90 
5.00 
8.88 
2.80 
2.68 
2.65 
2.65 
2.60 

Feb. 

Mar. 

3.00 
2.92 
3.00 
3.45 
3.18 
2.98 
3.90 
7.18 
6.05 
3.95 
2.62 
2.28 
2.18 
2.08 
1.98 
1.95 
1.90 
1.90 
2.25 
3.00 
2.82 
2.75 
8.05 
2.98 
2.86 
2.75 
2.78 
2.51 
2.35 
2.20 
2.38 

Apr. 

3.45 
4.00 
8.60 
2.90 
2.52 
2.28 
2.20 
2.12 
2.15 
2.35 
2.25 
2.06 
2.00 
1.90 
1.78 
1.70 
1.60 
1.60 
1.60 
1.55 
1.55 
1.60 
1.50 
1.40 
1.42 
1.42 
1.76 
2.45 
2.55 
2.45 

May. 

2.30 
2.45 
2.20 
2.02 
1.88 
1.72 
1.68 
1.65 
1.55 
1.50 
1.52 
1.45 
1.85 
1.40 
1.52 
1.48 
1.45 
1.42 
1.45 
1.55 
1.38 
1.38 
1.80 
1.80 
1.80 
1.30 
1.15 
1.18 
1.20 
1.22 
1.90 

June. 

1.95 
1.82 
1.78 
1.60 
1.60 
1.62 
1.65 
1.68 
1.65 
1.62 
1.52 
1.38 
1.32 
1.25 
1.28 
1.22 
1.20 
1.20 
1.20 
1.18 
1.15 
1.15 
1.10 
1.10 
1.05 
1.05 
1.10 
I.IO 
1.12 
1.20 

July. 

1.25 
1.15 
1.10 
1.10 
1.08 
1.10 
1.20 
1.65 
1.72 
1.38 
1.35 
1.28 
1.38 
1.22 
1.15 
1.12 
1.06 
1.20 
1.25 
1.15 
1.15 
1.08 
1.08 
1.08 
1.12 
1.10 
1.10 
1.10 
1.52 
1.45 
1.25 

Aug. 

1.28 
1.58 
1.85 
1.58 
1.60 
2.06 
2.00 
1.95 
1.9K 
1.90 
2.52 
2.58 
2.40 
2.12 
1.88 
1.65 
1.52 
1.40 
1.86 
2.32 
2.76 
2.60 
2.40 
2.25 
1.95 
1.65 
1.48 
1.40 
1.32 
1.30 
1.25 

'  Sept. 

,    1.25 
1.20 
1.20 
1.20 
1.20 
1.12 
1.10 
1.18 
1.12 
1.12 
1.10 
1.10 
1.10 
1.60 
4.92 
4.80 
4.30 
3.75 
8.25 
2.80 
2.40 
2.06 
1.80 
1.62 
1.58 
1.50 
1.45 
1.42 
1.35 
1.40 

Oct. 

1.30 
1.30 
1.30 
1.80 
l.SO 
1.30 
1.25 
1.20 
1.86 
1.82 
1.30 
1.72 
1.90 
1.85 
1.68 
1.55 
1.42 
1.40 
1.40 
1.40 
2.85 
4.05 
3.40 
3.10 
2.72 
2.40 
2.18 
1.92 
1.80 
1.72 
1.68 

Nov. 

1.60 
1.50 
1.48 
1.62 
1.48 
1.42 
1.40 
1.40 
1.40 
1.40 
1.62 
1.62 
1.70 
2.42 
2.45 
2.22 
2.10 
1.92 
1.78 
1.70 
1.68 
1.60 
1.52 
1.50 
1.50 
1.45 
1.40 
1.65 
1.60 
1.88 

Dec. 

1 

2.60 
2.55 
2.60 
2.50 
2.45 
2.42 
2.45 
2.98 
2.90 
2.65 
2.60 
2.65 
2.50 
2.45 
2.42 
2.40 
2.35 
2.35 
2.35 
2.35 
2.35 
5.92 
6.72 
6.45 
5.12 
3.50 
2.75 
2.82 
3.85 



1.42 

•» 

1.85 

3 

1.32 

4 

1.26 

5 

1.88 

6 

1.88 

7 

1.58 

8 

1.62 

9 

1.40 

10 

1.88 

n 

1.40 

12 

1.48 

13 

1.50 

14 

1.60 

15 

1.60 

16 

1.52 

17 

1.55 

18 

1.65 

19 

1.65 

20 

1.65 

21 

1.65 

a> 

1.65 

23 

1.68 

24 

1.70 

25 

1.78 

26 

1.90 

27 

1.95 

28 

2.18 

29 

2.28 

30 

2.25 

31 

2.25 

NoTM. — River  frozen  from  January  1  to  March 
hiehest  readinn:,  7.50. 
During  the  f  roseu  period  the  gage  heights  are  to 


8.    February  22,  highest  reading,  7.00;  March  8, 
the  surface  of  the  ioe. 
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PASSAIC  RIVER   NEAR  CHATHAM,  N.  J. 

This  station  was  established  February  10, 1903,  by  the  United  States 
Weather  Bureau,  by  which  it  is  maintained.  It  is  located  at  the 
second  bridge,  about  li  miles  upstream  from  Chatham,  N.  J.  The 
original  gage  consists  of  a  2  by  12  inch  board  spiked  to  the  upstream 
wing  wall  of  the  right  abutment.  On  December  12,  1903,  a  standard 
chain  gage  was  installed  on  the  downstream  side  of  the  bridge;  the 
length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is  15.59 
feet.  Bench  mark  No.  1  for  the  new  gage  is  the  corner  of  the  top 
of  the  right  abutment  on  the  upstream  side.  Its  elevation  is  10.31 
feet  above  the  datum  of  the  chain  gage.  Bench  mark  No.  2  is  the 
upper  surface  of  the  upper  chord  directly  over  the  gage  pulley.  Its 
elevation  is  17.91  feet  above  gage  datum.  Bench  mark  No.  3  is 
the  upper  surface  of  the  lower  chord  directly  under  the  pulley.  Its 
elevation  is  9.19  feet  above  gage  datum.  Bench  mark  No.  4  is  the 
top  of  the  first  bolt  on  the  coping  of  the  downstream  wing  wall,  right 
hand  abutment.  Its  elevation  is  10.64  feet  above  gage  datum.  Dis- 
charge measurementi9  are  made  from  the  single-span  steel  highway 
bridge,  to  which  the  gage  is  attached.  The  downstream  side  is  marked 
every  6  feet.  The  initial  point  for  soundings  is  the  base  of  the  right 
abutment.  The  channel  is  straight  for  400  feet  above  and  below  the 
station  and  the  current  swift.  At  low  water  the  current  makes  a  small 
angle  with  the  normal  to  the  cross  section,  caused  by  a  small  island 
just  below  the  bridge.  Two  hundred  feet  above  the  bridge  is  an  old 
timber  dam  partly  washed  away.  Both  banks  are  high  and  wooded, 
and  are  not  liable  to  overflow.  The  bed  of  the  stream  is  cx)mposed  of 
gravel,  with  occasional  bowlders.  The  gage  reader  for  the  Weather 
Bureau  is  M.  A.  Butler. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  on  Passaic  River  near  Chalham^  N.  J, ,  in  1904- 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Ga«e 
height. 

Dis- 
ehaiigtr. 

April9 

May  14 

June  4 

F.  H.  Tillinghast  ... 

F.  H.  Brundage 

J.  C.  Hoyt 

Feel. 
66 
64 
70 
70 
70 

Sq.feet. 
146 

so 

106 
76 
92 

Ft.  per  tec. 
1.61 
.66 
.96 
.43 
.63 

JPsei. 
3.25 
2.52 
2.80 
2.40 
2.61 

Sec./cet. 
235 
52 
102 

AuflTUSt  1 

do 

33 

November 9  ... 

H.  D.  Comstock  ...  1 

58 

"°TlJi''kovT^'"']       PA88AI0  KIVEB   DRAINAGE   BASIK. 
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Mean  daily  gage  height^  in  feel,  of  PoBsaic  River  near  Chathaniy  N.  X,  for  1904' 


Day. 

Jan. 

Feb. 

3.80 
8.60 
3.40 

(«) 
(«) 
3.40 

8.70 
5.50 
5.10 

(«) 
(«) 
(«) 
{«) 
(«) 
(«) 
(") 
(«) 
(«) 
(«) 
(«) 

(«) 
6.70 

7.50 

<-7.90 

1    7.60 

1    7.50 

6.50 

5.60 

5.70 

Mar. 

Apr. 

8.90 
4.70 
4.50 
4.10 
8.70 
3.40 
3.80 
3.30 
3.30 
3.50 
3.30 
3.30 
3.20 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
4.00 
3.90 
3.50 

May 

June. 

July. 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.70 
3.10 
8.0O 
2.80 
2.60 
2.40 
2.50 
2.40 
2.30 
2.30 
2.40 
2.50 
2.40 
2.80 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.60 
2.70 
2.60 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

a3.0J 
2.70 
2.70 
2.70 
2.70 
2,70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
3.10 
3.50 
3.40 
3.20 
3.00 
3.00 
8.00 
8.00 
8.20 
4.00 

e4.50 
7.60 
7.20 
6.70 
6.10 
5.00 
4.50 
4.00 
3.90 

5.60 
5.20 
4.70 
6.00 
5.90 
5.20 
4.60 
6.80 
6.00 
5.60 
fc5.00 
4.00 
3.50 
3.40 
3.30 
3.20 
3.00 
3.00 
8.50 
3.70 
3.40 
3.70 
3.90 
3.90 
3.70 
3.60 
3.60 
3  50 
3.40 
3.30 

3.20 

1 

3.40 

3.50 

3.40 

8.20 

8.10 

2.90 

8.80 

2.80 

2.70 

2.70 

2.70 

2.60 

2.60 

2.50 

2.60 

2.80 

2.70 

2.60 

2.60 

2.70 

2.80 

2.70 

2.60 

2.40 

2.40 

2.40 

2.80 

2.30 

2.30 

2.30 

2.60 

3.00 
3.00 
2.90 
2.80 
2.70 
2.70 
2.80 
2.70 
2.80 
2.70 
2.60 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

1 

2.40 
2.50 
8.20 
8.40 
3.10 
4.40 
4.20 
8.70 
3.30 
3.00 
4.60 
4.20 
3.90 
3.50 
3.20 
8.00 
2.80 
2.50 
2.30 
2.70 
4.00 
3.90 
3.70 
3.50 
3.20 
3.00 
2.70 
2.60 
2.50 
2.50 
2.40 

2.40 
2.40 
2.40 
2.80 
2.30 
2.30 
2.30 
2.22 
2.22 
2.22 
2.20 
2.20 
2.10 
2.10 
6.00 
5.50 
5.20 
5.00 
4.30 
4.20 
8.60 
3.40 
3.00 
2.90 
2.80 
2.70 
2.70 
2.60 
2.50 
2.50 

2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.80 
2.30 
2.30 
2.30 
2.70 
8.50 
3.30 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
4.60 
4.50 
4.80 
8.90 
3.60 
8.20 
3.00 
2.90 
2.80 
2.70 

2.70 
2.70 
2.60 
2.60 
2.50 
2.50 
2.60 
2.50 
2.60 
2.60 
2.70 
2.90 
3.20 
3.80 
3.70 
3.50 
3.10 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.60 
2.50 
2.50 
2.50 

2.40 

2 

2.40 

3 

2.40 

4 

2.40 

5 

2.30 

6 

2.80 

7 

2.30 

8 

2.80 

9 

{«) 

10 

11 

12 

(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 

14 

16 

17 

18 

20 

(«) 

22 

2.50 

23 

24 

2.70 

(«) 
(«) 
(«) 
3.50 

26 

28 

4.00 

30 

3.60 

31 

3.30 

a  River  frozen  January  1  to  March  10,  Inclusive;  also  December  9-22  and  December  25-27,  inclusive. 
Gage  heights  to  surface  of  ice. 
b  River  clear. 
c  Ice  jam. 
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POMPTON   RIVER  AT  POMPTON   PLAINS,  N.  J. 

This  station  measures  the  combined  flow  of  Pequannock,  Wanaque, 
Ramapo,  and  Pompton  rivers.  It  was  established  March  7,  1903,  by 
the  United  States  Weather  Bureau,  by  which  it  is  maintained.  It  is 
located  at  a  254-foot  timber  dam  situated  about  half  a  mile  east  of 
Pompton  Plains  railroad  station.  The  dam  constitutes  a  portion  of 
the  headworks  of  the  Morris  canal  feeder  at  Pompton  Plains.  A  cast- 
iron  gage  is  bolted  verticallj^  to  the  framework  of  the  lock  gates  at 
the  entrance  to  the  canal.  The  gage  reader  for  the  Weather  Bureau 
is  E.  M.  Le  Fevre,  who  reads  the  gage  every  morning.  The  main 
portion  and  crest  of  the  dam  is  timber  6  inches  in  width.  The 
downstream  face  is  vertical,  and  2.7  feet  below  the  crest  is  an  apron. 
The  upstream  side  of  the  dam  is  paved.  Starting  at  a  point  6 
inches  below  the  crest  of  the  dam,  the  paving  is  placed  downward 
and  upstream  at  a  slope  of  6  inches  iq  3  feet.  The  rating  table 
for  this  dam  wa«  constructed  as  follows:  The  Francis  formula  was 
used,  modified  by  comparison  with  results  of  experiments  made  at 
Cornell  University.  The  coeflBcients  used  were  those  derived  from 
United  States  Geological  Survey  experiments,  Cornell  series  40,  for  a 
6-inch  broad-crested  weir.  This  gives  a  varying  coefficient  for  low 
heads  up  to  a  depth  of  0.8  foot,  at  which  height  the  nappe  breaks 
clear  from  the  horizontal  face  and  the  weir  becomes  piuctically  sharp 
crested,  giving  the  Francis  formula,  ^=3.33  M*.  The  crest  oiF  the 
dam  is  slightly  irregular,  and  in  order  to  apply  the  weir  formula  to 
it  an  accurate  profile  was  taken  and  the  dam  was  divided  into  a  num- 
ber of  approximately  level  sections.  These  sections  comprised  all 
elevations  between  certain  limiting  values,  whether  in  juxtaposition  or 
not.  Each  section  was  computed  separately  for  all  gage  heights.  By 
combining  these  the  flow  on  the  entire  dam,  which  is  254.5  feet  long^ 
was  obtained  for  each  gage  reading.  The  rating  table  shows  the  com- 
bined discharge  of  all  sections  for  the  same  gage  heights.  To  the 
flow  over  the  dam  must  be  added  the  flow  through  the  Morris  canal 
feeder,  records  of  which  are  maintained.  All  the  water  in  time^  of 
flood  passes  over  the  dam,  except  in  very  extreme  cases,  as  the  flood 
of  October.  1903.  Bench  mark  No.  1  is  a  square  chiseled  on  the  coping 
of  the  left  upstream  parapet  wall  of  the  head-gates  to  the  feeder  canal. 
Its  elevation  is  11.99  feet  above  gage  datum.  Bench  mark  No.  2  i^  a 
square  chiseled  on  the  outside  edge  of  the  upstream  parapet  wall  at 
the  entrance  to  the  feeder.  Its  elevation  is  12.10  feet  above  the  zero 
of  the  cast-iron  gage.    This  station  was  discontinued  December  31, 1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 
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Mean  daily  gage  height^  in  feei^  of  PompUm  River  at  Pompton  Plains,  N,  /.,  for  1904* 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

, ' 

4.90 
5.50 
5.20 
5.00 

4.60 
4.60 
4.60 
4.60 
4.50 
4.60 
4.40 
4.40 
4.80 
4.80 
4.50 
4.40 
4.30 
4.30 
4.30 
4.20 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
8.90 
4.00 
4.00 
4.00 
4.00 

4.80 
4.50 
4.20 
4.10 
4.00 
4.00 
4.00 
4.00 
4.20 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.80 
8.80 
3.80 
3.70 
8.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
8.80 
3.70 

8.70 
3.70 
8.70 
3.70 
3.70 
3.70 
3.70 
8.70 
8.70 
3.70 
3.90 
8.80 
8.70 
8.70 
3.70 
3.70 
8.70 
3.60 
8.60 
8.60 
4.30 
4.30 
4.20 
4.00 
4.00 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 

3.80 

2 

3.80 
8.80 

3 

4 

8.80 

5 

3.80 
3.80 
3.80 
8.80 
3.80 
3.90 
8.90 
3.90 
8.90 
3.90 
5.50 
5.00 
4.70 
4.30 
4.30 
4.30 
4.30 
4.80 
4.80 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 

6 

7 

8  .  .. 

7.50 
6.40 
5.80 
5.20 
4.80 

9 

10 

11 

12 

13 

14 

15 

16 

***••••• 

17 

18 

4.40 
4.80 
4.40 
4.30 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.30 
4.20 
4.20 
4.40 

19 1 

20 

21 ' 

22 

23 

24 

25 

26 

27 

28 

29 

5.10 
4.90 

30 

31 

4.90 

Note.— Gage  broken  from  January  1  to  March  7,  from  March  13-30,  from  April  5-28,  and  from  May 
1-17,    RiverXrozen  December 25  to 27,  inclusive. 

RAMAPO   RIVER  NEAR  MAHWAH,  N.  J. 

This  station  was  established  February  10, 1903,  by  the  United  States 
Weather  Bureau,  by  which  it  is  maintained.  It  is  located  at  a  concrete- 
arch  highway  bridge  about  1  mile  west  of  Mahwah,  N.  J.  A  standard 
chain  gage  is  bolted  to  the  hand  rail  on  the  downstream  side  of  the 
bridge.  The  length  of  the  chain  from  the  end  of  the  weight  to  the 
marker  is  20.65  feet.  Bench  mark  No.  1  is  a  square  chiseled  on  the 
coping  of  the  upstream  parapet  wall  at  the  left  bank.  Its  elevation  is 
17.72  feet  above  gage  datum.  Bench  mark  No.  2  is  a  square  chiseled 
on  the  edge  of  the  coping,  3.5  feet  west  of  the  gage  pulley.  Its  eleva- 
tion is  17.43  feet  above  gJige  datum.  The  gage  reader  for  the  Weather 
Bureau  is  M.  F.  Brooks.  Discharge  measurements  are  made  from 
the  upvStream  side  of  the  concrete-arch  highway  bridge  to  which  the 
gage  is  attached.  The  bridge  has  a  single  span  of  68  feet  between 
abutments.  The  initial  point  for  soundings  is  the  end  post  of  the  hand 
rail  on  the  left  bank.  The  channel  is  straight  for  300  feet  above  and 
200  feet  below  the  bridge.     The  current  is  swift.     About  200  feet 
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below  the  bridge  there  is  a  rift  with  about  1  foot  fall.  The  right  bank 
is  low,  and  during  high  water  the  lowlands  on  this  side  of  the  river 
are  flooded.  The  left  bank  is  high,  wooded,  and  not  liable  to  over- 
flow. The  bed  of  the  stream  is  composed  of  gravel  and  scattered 
bowlders,  and  there  is  but  one  channel. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Ramapo  Rir-er  near  Makwah^  N.  /.,  in  1904. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

April2 

May  18 

June  3 

F.  H.  Tillinghast... 

F.  H.  Brundage 

J.  C.  Hoyt 

Feet. 
64 
57 
55 
45 
51 

Sq./eet. 
363 
210 
250 
166 
191 

Ft.  per  tec. 

3.61 
.88 

1.24 
.16 
.48 

Ftet. 
6.00 
3.62 
4.02  1 

1,309 
185 
.^10 

Ausrust  2 

do 

2.a5  '             27 

November  11.. 

Murphy  and  Com- 
etock. 

3.26  i 

1 
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Mean  daily  gage  height j  in  feet,  of  Ramapo  River  near  Mahwahy  N.  J.,  for  J 904. 


Day. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


Jan.a 


4.10 
4.00 
b4.00 
64.00 
64.00 
63.90 
63.90 
63.90 
63.90 


16 

17 

19 63.80 


Feb.a 


4.10 
4.00 
4.00 
4.00 


4.00 
4.00 
4.20 
4.60 
4.50 
4.50 
4.20 
4.00 
3.80 
8.80 


Mar. 


20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
2H. 
29. 
30. 
31. 


63.80 

63.80 

63.80 

3.70 

63.80 

8.70 

64.00 

(rf) 

64.20 

5.20 

5.00 

5.60 

5.90 

6.20 

4.80 

5.00 

4.60 

4.50 

4.40 

4.40 

4.40 

4.10 

4.40 

4.30 

4.40 

4.20 

4.10 
4.00 
4.00 
5.10 
4.70 
4.20 
4.20 
7.10 
6.40 
5.40 
5.10 
4.90 
4.70 
4.60 
4.80 
4.20 
4.10 
4.10 
4.10 
4.70 
4.70 
4.50 
4.60 
4.80 
4.80 
4.70 
6.10 
4.70 
4.50 
4.40 
4.40 


Apr. 


4.80 
6.90 
5.30 
4.90 
4.60 
4.60 
4.40 
4.40 
4.30 
4.70 
4.50 
4.40 
4.40 
4.20 
4.20 
4.10 
4.00 
4.00 
3.90 
3.80 
3.80 
4.80 
4.70 
3.70 
3.70 
3.70 
3.70 
4.60 
5.30 
4.90 


May. 


4.60 
4.40 
4.20 
4.10 
4.00 
3.90 
3.90 
3.80 
3.80 
3.70 
3.70 
3.70 
3.60 
3.60 
3.60 
4.10 
8.90 
3.80 
3.70 
3.70 
3.60 
3.60 
3.50 
3.40 
3.30 
3.60 
8.60 
3.60 
3.40 
3.40 
4.10 


Jane. 

July. 

Aug. 

4.20 

6.80 

2.70 

4.40 

4.80 

2.70 

4.40 

3.80 

2.90 

4.00 

3.40 

2.80 

3.90 

8.30 

2.80 

3.70 

8.20 

2.80 

3.60 

8.10 

2.80 

3.60 

3.40 

2.80 

4.30 

3.30 

2.80 

4.50 

3.10 

2.70 

4.10 

3.10 

2.80 

3.80 

3.10 

2.90 

3.60 

3.00 

2.80 

8.50 

2.90 

2.80 

3.60 

2.90 

2.80 

8.40 

2.90 

2.80 

3.80 

2.80 

2.70 

3.30 

2.80 

2.70 

3.20 

3.00 

2.70 

3.20 

2.90 

2.70 

3.00 

2.80 

3.50 

3.00 

2.70 

8.60 

3.00 

2.70 

3.30 

2.90 

2.70 

3.00 

2.80 

2.80 

2.90 

2.80 

2.90 

2.80 

2.80 

2.80 

2.70 

2.80 

2.80 

2.70 

2.80 

3.00 

2.70 

2.90 

2.90 

2.90 

2.80 

2.80 

Sept. 


Oct. 


2.60 
2.50 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 
2.90 
2.70 
2.60 
2.60 
2.60 
6.70 
5.80 
4.30 
8.70 
3.60 
3.30 
3.30 
3.20 
3.20 
8.10 
8.10 
8.10 
3.10 
3.10 
3.00 
3.00 


8.00 
3.00 
3.00 
2.90 
2.90 
2.80 
2.70 
2.70 
2.80 
2.80 
2.80 
2.80 
3.60 
8.40 
3.20 
3.10 
3.10 
3.00 
2.90 
2.90 
3.00 
6.90 
5.80 
4.70 
4.30 
4.10 
4.00 
3.80 
3.  TO 
3.70 
3.60 


Nov 


3.50 
8.50 
8.  SO 
3.40 
3.40 
3.50 
3.50 
3.40 
3.40 
8.40 
3.40 
3.40 
8.40 
4.00 
3.80 
3.W 
3.80 
3.70 
3.70 
3.70 
S.70 
8.95 
4.00 
3.90 
S.80 
3.70 
3. 00 
3.60 
3.60 
3.00 


I 


I 


Dec, 

Z.Hi 
3.4C 
S.40 
3.40 
3,40 
3.30 
3.30 
Z.'SO 
3.30 
3.30 
3.20 
3. 20 
3-20 
3.20 
3.20 
3.30 
3.30 
3.30 
(^) 

in 
in 

3.40 
3.« 

3. 60 

4.W 
4.60 
4.40 
4.10 


a  River  frozen  January  1  to  February  29.     6  Gage  heights  estimated,     c  River  f r<MEen.    <f  ice  2  feet. 
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Rating  table  for  Kamapo  River  near  Mahwahy  N,  /.,  from  January  i,  190Sj  to  Decevnber 

SI,  1904' 


Gage 
hel^t. 

Discharge. 

Gage 
height. 

Diflchaige. 

Qafe 
height. 

Dischaige. 

Gage 
height. 

1 
Discharge. 

Feet 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Secondrfeet. 

2.50 

11 

3.70 

230 

4.90 

565 

6.10 

1,380 

2.60 

25 

3.80 

250 

6.00 

610 

6.20 

1,480 

2.70 

40     1 

3.90 

270 

5.10 

660 

6.30 

1,580 

2.80 

56 

4.00 

295 

5.20 

715 

6.40 

1,680 

2.90 

73 

4.10 

320 

,    5.30 

775 

6.50 

1,780 

3.00 

91 

4.20 

345 

5.40 

835 

6.60 

1,880 

3.10 

110    ' 

4.30 

370 

5.50 

900 

6.70 

1,980 

3.20 

130     ' 

4.40 

395 

5.60 

L         970 

6.80 

2,080 

3.30 

150 

1 

4.50 

425 

5.70 

1,045 

6.90 

2,190 

3.40 

170 

4.60 

455 

5.80 

1,120 

7.00 

2,300 

3.50 

190 

4.70 

490 

5.90 

1,200 

7.10 

2,410 

3.60 

210 

1 

4.80 

525 

1 

'    6.00 

1,290 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
discharge  measurements  made  during  1903  and  1904.  It  is  not  well  defined.  Above 
gage  height  6.80  feet  the  rating  curve  is  a  tangent,  the  difference  being  110  per  tenth. 

Estimated  monthly  discharge  of  Ramapo  River  near  Mahwahy  N.  J,,  for  1903  and  1904. 

[Drainage  area,  118  square  miles.] 


Discharge  in  second-feet. 


Month. 


1903. 
February  10-28 . . 

March 

April 

May 

June 

July 

August 

September , 

October 

November 

December  « 


Maximum. 


660 
1,880 
2,190 

190 
1,980 
1,045 

525 

835 
5,380 

715 


Minimum. 


230 

250 

210 

40 

25 

40 

40 

73 

73 

210 


Mean. 


341 
571 
534 
96 
400 
183 
162 
198 
801 
281 
357 


Run-off. 


Second-feet 

per  square 

mile. 


2.89 

4.84 


Depth  In 
inches. 


2.04 
5.58 


4.53 

5.05 

.814 

.93S 

3.39 

3.78 

1.55 

1.79 

1.37 

1.58 

1.68 

1.87 

6.79 

7.83 

2.38 

2.66 

3.03 

3.49 

•  Frozen  December  17  to  22  and  30  to  81;  monthly  mean  estimated. 
IBR  125—05—6 
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Estimated  monthly  discharge  of  Ramapo  River  near  Mahwah^  N.  /.,  etc. — ContiDO^ 


Month. 


1904. 


January  « . . 
February  «. 

March 

April 

May 

June 

July 

Auf^ust 

September . 

October 

November . 
December  ^ 

Total 


Discharge  In  second-feet. 


Maximum. 


2,410 

1,200 

455 

425 

775 

210 

1,120 

2,190 

295 


Minimum. 


295 

230 

150 

56 

40 

40 

11 

40 

170 


2,410 


11 


Run-off. 


Mean. 


Second-feet 

per  muare 

mile. 


260 
300 
562 
430 
247 
191 
123 
66 
152 
243 
215 
182 


Depth  in 
inches. 


2.20 

2.54 

2.54 

2.74 

4.76 

5.49 

3.64 

4.06 

2.09 

2.41 

1.62 

1.81 

1.04 

1.20 

.560 

.616 

1.29 

1.44 

2.06 

2.37 

1.82 

2.(» 

1.54 

1.78 

248 


2.10 


1 


28.52 


alee  condiUons  during  January  and  February,  mean  flow  for  month  estimated. 
Miionthly  mean  estimated. 

WANAQUE   RIVER   AT  WANAQUE,  N.  J. 

This  station  was  established  December  16,  1903,  by  F.  H.  Tilling- 
hast.  It  is  located  at  the  highway  bridge  just  above  the  Erie  Rail- 
way bridge  and  below  the  factory  of  the  Wanaque  River  Paper 
Company.  The  standard  chain  gage  is  situated  on  the  upstream  side 
of  the  bridge.  The  gage  pulley  is  located  at  a  point  73  feet  from  the 
right  abutment.  The  length  of  the  chain  from  the  end  of  the  weight 
to  the  marker  is  17.52  feet.  Bench  mark  No.  1  is  a  circular  chisel  draft 
on  the  upstream  side  of  the  right  abutment.  Its  elevation  is  13.80 
feet  above  gage  datum.  Bench  mark  No.  2  is  a  square  chisel  draft  on 
the  upstream  edge  of  the  last  stone  upstream  of  the  right  abutment 
wing  wall.  Its  elevation  is  14.21  feet  above  gage  datum.  Bench 
mark  No.  3  is  the  upper  edge  of  lower  chord  on  the  upstream  side  of 
the  bridge,  1.1  feet  from  the  down  spout.  Its  elevation  is  13.58  feet 
above  gage  datura.  Discharge  measurements  are  made  from  the 
upstream  side  of  the  single- span  highway  bridge,  which  has  a  length 
between  abutments  of  98.5  feet.  The  initial  point  for  soundings  is 
the  face  of  the  right  abutment  on  the  upstream  side.  The  channel  is 
straight  for  300  feet  above  and  200  feet  below  the  station.  The  cur- 
rent is  sluggish  at  low  water.  The  right  bank  is  high,  rocky,  and 
wooded,  while  the  left  bank  is  low  and  without  trees.     All  water 
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passes  under  the  bridge  at  all  stages.  The  bed  of  the  stream  is  com- 
posed of  gravel,  with  occasional  bowlders.  At  ordinary  stages  the 
depth  of  the  water  at  the  gaging  section  is  from  2  to  5  feet.  The 
gage  is  read  twice  daily  by  J.  Herbert  Hunter. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  mecuurements  of  Wanaque  Rit^er  at  Wanague,  N.  /.,  in  1904. 


Date. 


1904. 

April  5 

May  17 

June  3 

Augusts 

November  10  . 
December  10. . 


Hydrographer. 


F.  H.  Tillinghast . . 
F.  H.  Brundage  . . . 

J.C.Hovt 

do 

Hoyt  and  Murphy 
F.  H.  Tillinghast . . 


width. 


Feet. 
86 
82 
84 


84 
85 


Area  of 
iiecUon. 


Mean 
velocity. 


Sq.  feet.  \  Ft.  per  sec. 
362  I       1.  01 


292 
338 
202 
232 
308 


.62 

.80 

.054 

.24 

.61 


G 
helg 


age 

iiht. 


Feet. 
2.81 
2.04 
2.60 
.97 
1.35 
2.25 


Dis- 
charge. 


Sec.-feet. 
367 
153 
269 
11 
56 
187 


Mean  daily  gage  height,  in  feet,  of  Wanaque  River  at 

Wanaque  J  N,  J.,  for  1904- 

Day. 

Jan. 

2.10 
2.09 
2.90 
2.90 
2.95 
2.90 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.09 
2.10 
2,10 

Feb. 

2.20 

2.20 

2.20 

"2.15 

Mar. 

2.40 
2.38 
2.30 
2,28 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.30 
2.80 
2.45 
2.80 

1.56 
1.62 

2 

8 

1.62 

4 

1 

i_ . 

1.40 

5 

2,12  1     2.20 

1 

2.10      2.20 
2.10       4.90 
2.10       (S-80 

2.80 

.......  . 1. 

,      ...J 

1 

1.27 

6 

2.70 

1 

1 

1.42 

7 

2.50 
2.40 

1 

1 

1.42 

8 



1 

1 

1.40 

9 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2,20 
2.30 
3.15 
2.80 
2,72 
2.70 
2.60 
2.60 
2.50 
2.50 

5.95 
5.25 
4.60 
3.85 
3.15 
2.70 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 

2.40 
2.40 
2.40 
2.40 
2.30 
2.22 
2,18 
2.00 
2.00 
2.00 
1.90 
1.90 
ion 



1. 

1.32 

10 

bl.29 

11 

1.34 

12 

1.39 

13 

1 

1 
_1 -- 

1.32 

14 

1 

1.30 

1.5 

1.45 

16 

' 

1 

1.67 

17 

1.58 

18 

1 

19 

1            i 

20 

1 

21 1 

22 

2.50  1    1.90 

"i 

23 --- 

2.80       1.85 

1 

24 

2.85       1  ftfi 

■   *■>•■•      •■■•>«al     •■■•*■ 

25 

2.50 
2.60 
2.40 
2.40 
d2.30 
2.28 
2.20 

2.80 
2.70 
2.60 
2.40 
2.40 
2.30 
2.80 

1 

26 

1  ' 

1 

27 

1.55 



Af. ...... ....... 

28       

L62    

1.65    

29 

1 

1 

30    

1                         1 

1.60 

31 

1             1 

1 

1      i 

a  River  open. 


ft  River  frozen. 


c  Gage  broken. 


dice  6  inches  thick. 
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ROCKAWAY   RIVER  NEAR  BOONTON,  N.  J. 

This  station  was  established  March  15,  1903,  by  the  United  States 
Weather  Bureau,  by  which  it  is  maintained.  It  is  located  at  Remine's 
bridge,  about  3  miles  downstream  from  Boonton.  The  gage  is  a  ver- 
tical 2  by  12  inch  board  spiked  to  the  face  of  the  right  abutment  at 
its  downstream  end.  It  reads  from  0  to  9  feet,  and  is  graduated  with 
copper  staples.  The  bench  mark  is  a  square  chiseled  on  the  top  of 
the  upstream  end  of  the  right  abutment.  Its  elevation  above  the  gage 
datum  is  9.14  feet.  The  gage  reader  for  the  Weather  Bureau  is  Mrs. 
L.  A.  Van  Derhoflf.  Discharge  measurements  are  made  from  the 
downstream  side  of  the  single-span  highway  bridge,  to  which  the  gage 
is  attached.  The  initial  point  for  soundings  is  the  face  of  the  right 
abutment.  The  channel  is  straight  for  300  feet  above  and  below  the 
station  and  the  current  is  sluggish.  Both  banks  are  low,  but  will 
overflow  only  at  very  high  water.  The  right  bank  is  without  trees; 
the  left  bank  is  wooded.  The  bed  of  the  stream  is  composed  of  gravel 
with  a  few  bowlders.  There  is  a  timber  dam  about  1  mile  above  the 
station.     This  station  was  discontinued  February  2,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurement  of  Rockavxiy  River  tiear  Boonton^  N.  J. ,  in  1904- 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean  ve 
locity. 

1 

Gaffe            Dis- 

height.       chaise. 

May  16 

F.  H.  Brundage 

Feel. 
90 

Sq.feeL 
142 

Ft  per  tec. 
1.6S 

Feet. 
1.25 

Ser.-JeeL 
238 

Mean  daily  gage  heighty  in  feet ^  of  Rockaway  River  near  Boonton^  N.  /.,  for  1904. 


Day. 


Jan.    Feb. 


1 

2.00 
2.00 

2.50 
2.50 

2 

s 

4 

"""'1 

5 

6 

1 

w    ..■•.•••••• 

7 

"*•■•* 

1 

8 

1             i 

Day. 


9 
10 
11 
12 
13 
14 
15 
16 


Jan. 


Feb. 


Day. 


Jan. 


Feb. 


17 
18 
19 
20 
21 
22 
28 
24 


8.70 
8.50 


Day. 


26. 
26. 
27. 
28. 
29. 
80. 
81. 


Jhd.     Feb. 


4.00 
3.90 
3.60 
3.50 
2.90 
■  2.50 
'  2.50 


Note.— River  frozen  during  January  and  February. 


RARITAN  RIVER  DRATN^AGE  BASFN. 

Raritan  River,  which  is  the  largest  stream  in  New  Jersey,  excepting 
the  Delaware,  rises  in  the  highlands  at  the  foot  of  Lake  Hopatcong. 
The  total  area  of  the  drainage  basin  is  1,105  square  miles.  The  high- 
lands consist  mostly  of  trap  rock  and  contain  a  large  proportion  of 
the  wooded  areas  of  the  basin.     Only  about  10  per  cent  of  the  total 
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area,  is  forested.  The  area  outside  the  highlands  consists  of  either 
trap  rock  or  red  sandstone.  Of  the  806  square  miles  of  drainage  area 
above  the  gaging  station  at  Bound  Brook,  about  150  square  miles  are 
in  the  cultivated  part  of  the  highlands  and  on  the  trap  ridges;  the 
remainder  is  mostly  on  the  low,  level,  red  sandstone  plain. 

The  valley  of  the  Raritan  is  populous  and  highly  cultivated,  and  a 
large  amount  of  water  power  is  utilized  on  its  various  branches. 
Raritan  River  throughout  almost  its  entire  length  is  in  two  parts, 
namely,  the  North  and  South  branches.  The  North  Branch  is  con- 
sidered a  valuable  source  for  a  gravity  water  supply.  The  upper 
portion  is  at  an  elevation  ranging  from  750  to  1,100  feet.  Both  the 
North  and  South  branches  rise  close  to  each  other,  separated  only  by  a 
slight  divide.  The  other  important  branch  is  Millstone  River,  which 
differs  from  the  other  branches,  having  its  rise  in  sand  hills  and  flow- 
ing northwesterly  through  a  sandy  soil.  It  has  a  large  ground  storage. 
This  stream  is  better  suited  for  power  than  for  water  supply,  being 
very  muddy  at  high  stages.  All  three  branches  are  united  above 
Bound  Brook,  N.  J. 

The  United  States  Geological  Survey  maintained  gaging  stations  in 
this  basin  during  1904  as  follows:  Raritan  River  (South  Branch)  at 
Stanton,  N.  J.;  Raritan  River  at  Finderne,  N.  J.;  Raritan  River  at 
Bound  Brook,  N.  J.;  Raritan  River  (North  Branch)  at  Pluckemin, 
N.  J.;  Millstone  River  at  Millstone,  N.  J. 

RARITAN   RIVER  (SOUTH    BRANCH)   AT  STANTON,  N.  J. 

This  station  was  established  July  2,  1903,  by  E.  P.  Roundey.  It  is 
located  at  the  highway  bridge  about  500  feet  from  the  Lehigh  Valley 
Railroad  station  at  Stanton,  N.  J.  The  standard  chain  gage  is  located 
on  the  lower  chord  of  the  bridge  on  the  downstream  side.  The  length 
of  the  chain  from  the  end  of  the  weight  to  the  marker  is  14.63  feet. 
Bench  mark  No.  1  is  a  square  chiseled  on  the  coping  of  the  left  abut- 
ment li  feet  from  the  downstream  end.  It  is  IP. 37  feet  above  gage 
datum.  Bench  mark  No.  2  is  the  top  of  the  upstream  corner  of  the 
right  abutment.  It  is  13.665  feet  above  gage  datum.  Bench  mark 
No.  3  is  a  nai\  projecting  one-quarter  inch  from  downstream  side  of  a 
large  sycamore  tree  210  below  bridge  and  6  feet  above  the  ground. 
Elevation  11.024  feet  above  gage  datum.  Discharge  measurements 
are  made  from  the  downstream  side  of  the  single-span  highway  bridge. 
The  initial  point  for  soundings  is  the  face  of  the  right  abutment.  The 
channel  is  straight  for  800  feet  above  and  400  feet  below  the  station. 
The  current  is  swift.  Both  banks  are  low  and  liable  to  overflow.  The 
bed  of  the  stream  is  composed  of  gravel,  and  there  is  but  one  channel 
under  the  bridge.  The  gage  is  read  twice  each  day  by  William 
Wilson,  the  station  agent. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hjdrographer. 

Discharge  measurements  of  Raritan  River  (South  Branch)  at  Stanton,  N.  J".,  in  1904^ 


Date. 

Hydrographer. 

width. 

1 
Area  of         Mean 
section.  ;  velocity. 

1 

Gace            Dis- 
lielght.       chaxige. 

June  7 

J.  C.  Hoyt 

Ferf. 
99 
95 
92 

.S^.  feet. 
178 
154 
148 

Ft.  perKC. 
1.14 
.98 
1.04 

Feet.         Ser^/eti. 
2. 92               203 

AufiTUst  24 

do 

2. 77              151 

November  8  . . . 

H.  D.  Comstock 

2. 70              153 

Mean  daily  gage  height,  in  feel,  of  Raritan  River  (South  Branch)  at  Stanton,  X.  J.,  for 

1904. 


Day. 

Jan. 

Feb. 

3.90 
8.91 
3.91 
3.80 
3.74 
3. 84 
4.50 
4.32 
8.98 
3.84 
3.78 
3.75 
3.71 
3.68 
3.58 
3.54 
8,50 
3.20 
3.28 
3.22 
3.12 
9.55 
7.35 
6.15 
5.96 
5.45 
4.98 
6.85 
5.26 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

2.81 

2.S4 

2.80 

2.79 

2.80 

2.84 

2.84 

2.82 

2.80 

2.74 

2.80 

2.85 

2.84 

2.82 

2.80 

2.84 

2.84 

2.85 

2.88 

2.97 

3.10  , 

3.09 

3.06  ' 

3.02 

8.02 

8.04 

2.99 

2.92 

2.98  , 

2.91  I 

1 

Dec. 

1    

4.24 
4.18 
4.09 
4.12 
4.16 
4.12 
4.18 
3.98 
4.10 
4.05 
4.08 
4.10 
4.10 
4.22 
4.25 
4.10 
4.08 
3.98 
3.80 
3.80 
8.88 
4.10 
8.92 
4.95 
4.46 
4.10 
4.02 
3.98 
3.89 
3.95 

8.94 

1 

4.98 
4.58 
5.86 
6.40 
4.65 
4.14 
7.70 
6.72 
3.70 
3.42 
3.29 
8.14 
3.14 
3.04 
2.92 
3.09 
3.16 
3.92 
4.48 
4.46 
3.56 
3.38 
3.62 
8.38 
3.28 
3.32 
n.25 
8.16 
3.07 
3.01 
3.42 

4.68 
4.46 
3.68 
3.36 
3.28 
3.21 
3.20 
8.18 
3.46 
3.44 
3.24 
8.15 
3.11 
3.11 
8.08 
2.92 
2.91 
2.90 
2.82 
2.89 
2.84 
2.80 
2.79 
2.78 
2.77 
2.78 
3.20 
3.34 
3.05 
2.91 

! 

2.88 
2.85 
2.81 
2.78 
2.71 
2.71 
2.71 
2.70 
2.70 
2.70 
2.64 
2.64 
2.61 
2.61 
2.88 
2.80 
2.65 
2.68 
2.84 
2.70 
2.64 
2.58 
2.55 
2.54 
2.62 
2.59 
2.59 
2.62 
2.54 
2.47 
3.12 

2.72 
2.71 
2.72 
2.69 
2.72 
2.78 
2.86 
2.?2 
2.86 
2.72 
2.49 
2.49 
2.58 
2.54 
2.38 
2.26 
2.13 
2.22 
2.25 
2.24 
2.29 
2.29 
2.25 
2.33 
2.25 
2.20 
2.81 
2.21 
3.42 
2.60 

2.25 

2.23 

2.19 

2.20 

2.21 

2.19 

2.62 

3.08 

2.98 

3.18 

2.98 

2.66 

2.95 

2.68 

2.48 

2.44 

2.81 

2.45 

2.36 

2.26 

2.19 

2.15 

2.25 

2.24 

2.56 

2.56 

2.51 

2.51 

2.32 

2.41 

2.29 

2.62 
2.44 
2.28 
2.89 
2.61 
2.75 
2.62 
2.65 
2.68 
2.91 
2.79 
2.86 
2.79 
2.69 
2.69 
2.62 
2.51 
2.36 
2.81 
3.45 
3.19 
2.86 
2.99 
2.76 
2.71 
2.72 
2.60 
2.62 
2.80 
2.31 
2.29 

2.24 
2.24 
2.24 
2.26 
2.21 
2.21 
2.29 
2.29 
2.30 
2.29 
2.26 
2.30 
2.30 
3.07 
7.78 
6.70 
3.84 
3.35 
2.96 
2.91 
2.81 
2.79 
2.72 
2.68 
2.64 
2.62 
2.64 
2.69 
2.71 
2.69 

2.68 

2.66 

2.58 

2.64 

2.66 

2,55 

2.51 

2.,'iS 

2.54 

2.49 

2.51 

3.27 

3.04 

2.85 

2.79 

2.77 

2.69 

2.59 

2.47 

2.51 

6.34 

6.44 

4.02 

3.82 

3.71 

3.69 

3.46 

3.31 

3.12 

2.94 

2.8i 

'      289 

2  

21« 

s 

2.>* 

4 

2.86 

5 

28S 

6 

2S4 

7 

2«0 

8 

2  81 

9 

2.87 

10 

2.90 

11 

2.96 

12 

296 

18 

2.98 

14 

3.01 

16 

3.01 

16 

3.02 

17 

3.06 

18 

3.10 

19 

8.12 

20 

3.20 

21 

3.19 

22 

S.20 

23 

8^22 

24 

3L22 

25 

3.21 

26 

3,25 

27 

3.21) 

28 

3.24 

29 

3.21 

80 

3.<W 

31 

3  TO 

1 

Note. — River  frozen  from  January  1  to  March  3,  when  ice  went  out.  Thickness  of  ice  varied  from 
2  to  12  inches,  Mar?h  7,  hig:hest  record  11.04.  River  frozen  December  8  to  29.  Thickness  of  ice 
one-fourth  to  6i  inches.  During  the  frozen  periods  the  gage  heights  were  taJcen  to  the  surface  of 
the  ice. 
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Hating  table  for  liaritan  River  {South  Branch)  at  Stanton,  X.  J, ^  from  July  g,  1903 ^  to 

December  31,  1904. 


Gace 
height. 


Fret. 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 


Discharge. 


Serond-feet. 

42 

56 

71 

87 

104 

122 

142 

166 


°lX   I  I>i»«harge. 


Feet. 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 


Second-feet. 
194 
226 
260 
296 
335 
376 
418 
461 


Discharge. 


Gage 
height. 


Discharge. 


Second-feet. 
505 
550 
596 
643 
691 
740 
790 


Feet. 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 


Sfcond-feet. 

840 

890 

940 

990 

1,040 

1,090 

1,140 


The  above  table  is  applicable  only  for  open-channel  conditionn.  It  is  based  upon 
8  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  2.7  f^t  and  4.4  feet  The  table  has  been  extended  beyond  these 
limits.  Above  gage  heit^ht  4.4  feet  the  rating  curve  is  a  tangent,  the  difference 
being  50  per  tenth.     The  curve  is  very  uncertain  above  gage  height  5  feet. 

Estimated  monthly  discharge  of  Raritan  River  {South  Branch)  at  Stantmi,  N,  J.^for  1904. 


Month. 


January  o.. 
February  a. 

March 

April 

May 

June 


Discharge  in  necond-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Discharge  in  second-feet. 


Month. 


2,490 

200 

980 

159  , 

267 

99  1 

384 

46 

629 
302 
143 
113 


July 

August 

September 

October 

November 

December  « 


a  River  frozen  from  January  1  to  March  3  and  from  December  8-29,  inclusive. 
BARITAN   RIVER  AT   FINDERNE,    N.    J. 

This  station  was  established  June  27,  1903,  by  E.  P.  Roundey.  It 
is  located  at  the  highway  bridge,  one-fourth  mile  from  the  New  Jer- 
sey Central  Railway  station  at  Finderne,  N.  J.  The  standard  chain 
gage  is  located  on  the  downstream  side  of  the  right-hand  truss  on  the 
lower  chord.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  end  of  the  ring  is  19.56  feet.  Bench  mark  No.  1  is  a  cross  chiseled 
on  the  coping  of  the  downstream  wing  wall  of  the  right  abutment.  Its 
elevation  is  20.11  feet  above  gage  datum.  Bench  mark  No.  2  is  the 
top  of  the  outside  connection  plate  near  the  zero  of  the  gage  scale. 
Its  elevation  is  20.14  feet  above  gage  datum.  The  elevation  of  the 
top  of  the  gage  pulley  is  19.21  feet  above  gage  datum.  Discharge 
measurements  are  made  from  the  upstream  side  of  the  2-span  highway 
bridge.     The  initial  point  for  soundings  is  the  face  of  the  right  abut- 
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ment.  The  channel  is  straight  for  300  feet  above  and  800  feet  below 
the  station.  The  current  is  swift.  The  right  bank  is  low,  wooded, 
and  liable  to  overflow.  The  left  bank  will  overflow  only  at  extreme 
high  water.  The  bed  of  the  stream  is  composed  of  gravel.  The  chan- 
nel is  broken  by  the  center  pier  of  the  2-span  bridge.  The  gage  is 
read  twice  each  day  by  Harry  Siegel. 

The  observations  at  this  sUition  during  1904  have  been  naade  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Rarilan  River  at  Mndeme,  N.  J.,  in  1904- 


Date. 

Hydxographer. 

width. 

Area  of 
section. 

Mean 
velocity. 

Oaee 
height. 

Die- 
chaise. 

Aprilll 

May  12 

June  6  ........ 

F.  H.  Tillinghaat.... 

F.  H.  Brandage 

J.  C.  Hoyt 

Fed. 
196 
168 
160 
155 
163 

Sq.feeL 
322 
203 
237 
186 
210 

Ft.  per  tee. 
3.35 
2.17 
2.45 
1.84 
1.98 

FeeL 
4.80 
4.04 
4.20 

Sec-feeL 
1,080 
440 
580 

July  30 

do 

3.92 

343 

November  10  . . 

H.  D.  Comstock 

4.10 

416 

Mean  daily  ga^e  height^  in  feet,  of  Raritan  River  at  Findeme,  N.  /.,  for  1904- 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

a4.76 
a4.85 
4.50 
4.90 
5.28 
5.55 
5.16 
5.05 
5.05 
5.05 
5.10 
5.10 
5.00 
7.98 
6.88 
7.10 
6.68 
7.50 
7.20 
7.20 
7.20 
5.65 
a  J  2. 70 
7.68 
5.00 
4.90 
4.45 
4.35 
4.70 
a  6. 00 
a5.00 

a  4. 75 
a6.30 
a  6. 16 
a5.55 
a5.08 
4.90 
5.40 
6.90 
5.05 
4.85 
4.35 
4.15 
4.10 
4.10 
4.10 
4.00 
4.30 
4.42 
4.76 
4.90 
4.75 
a  12. 72 
7.62 
6.58 
5.65 
4.82 
4.45 
4.78 
6.65 

4.75 
4.70 
4.90 
6.18 
5.20 
4.62 
7.55 
11.06 
5.86 
4.90 
4.80 
4.66 
4.40 
4.45 
4.45 
6.06 
4.55 
4.60 
5.30 
4.96 
4.90 
5.00 
6.45 
6.08 
4.92 
5.07 
5.10 
4.96 
4.85 
4.76 
4.96 

7.98 
7.35 
5.08 
4.98 
4.80 
4.58 
4.68 
4.65 
4.82 
5.30 
4.80 
4.66 
4.62 
4.35 
4.35 
4.32 
4.20 
4.20 
4.15 
4.15 
4.10 
4.30 
4.00 
4.06 
4.10 
4.30 
4.90 
5.45 
4.80 
4.62 

4.88 
4.55 
4.85 
4.20 
4.20 
4.15 
4.10 
4.00 
4.00 
4.02 
4.02 
4.00 
4.92 
4.88 
3.70 
4.10 
3.96 
3.95 
8.97 
4.26 
4.08 
8.92 
3.86 
3.92 
8.82 
8.85 
3.72 
3.80 
8.62 
8.60 
4.22 

4.18 
3.90 
4.02 
3.90 
8.92 
4.18 
4.82 
4.15 
4.85 
4.15 
4.00 
8.85 
3.86 
8.80 
3.70 
3.65 
3.62 
3.58 
3.65 
8.60 
3.62 
3.65 
3.60 
3.60 
3.62 
3.48 
3.65 
3.65 
3.60 
8.98 

3.80 
8.88 
3.63 
8.60 
8.62 
8.68 
3.68 
5.20 
4.46 
8.96 
4.20 
3.95 
4.06 
3.88 
3.75 
3.60 
8.62 
3.62 
3.80 
8.70 
3.60 
3.70 
3.68 
3.56 
3.65 
3.78 
3.65 
3.85 
5.05 
3.98 
3.80 

8.88 
4.83 
4.10 
4.00 
4.25 
6.30 
4.20 
4.13 
4.00 
5.62 
7.25 
4.60 
4.25 
4.85 
4.32 
4.12 
4.06 
3.90 
8.98 
6.98 
5.75 
4.68 
4.40 
4.25 
4.20 
4.06 
4.08 
4.00 
8.96 
8.88 
3.90 

8.90 
3.83 
3.85 
3.60 
8.65 
8.68 
8.65 
3.72 
3.65 
3.68 
3.66 
8.65 
8.65 
3.65 
14.90 
6.88 
5.15 
4.78 
4.65 
4.42 
4.32 
4.20 
4.30 
4.12 
4.10 
3.98 
3.97 
4.00 
4.00 
8.96 

8.95 
8.90 
8.96 
8.97 
8.96 
8.92 
3.8& 
3.86 
3.80 
3.92 
3.92 
5.85 
4.85 
4.35 
4.25 
4.12 
4.00 
4.02 
3.93 
3.88 
8.38 
8.30 
5.90 
4.95 
4.70 
4.68 
4.60 
4.30 
4.30 
4.18 
4.18 

4.20 

2 

4.20 

8 

4.12 

4 

4.10 

6 

4.10 

6 

4.10 

7 

4.28 

8 

4.02 

9 

4.02 

10 

4.00 

11 

4.08 

12 

4.10 

13 

4.48 

14 

7.62 

15 

5.00 

16 

4.78 

17 

4.92 

18 

4.90 

19 

4.40 

20 

4.30 

21 

4.30 

22 

4.30 

23 

4.30 

24 

4.20 

25 

4.15 

26 

4.10 

27 

4.00 

28 

8.88 

29 

3.86 

80 

4.50 

81 , 

Dec. 


3.95 
3.90 
4.00 
3.96 
3.96 
4.00 
3.90 
4.00 
3.85 
S.S2 
3.85 

4.10 

4.20 

4.18 

4.22 

4.20 

4.10 

4.10 

4.00 

4.05 

4.00 

4.20 

4.20 

4.20 

4.20 

4.80 

8,25 

7.30 

6.92 

6.42 


a  Ice  gorge  causes  water  to  rise. 
Note.— Highest  reading  September  15, 16. 30;  October  21. 12.65. 
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Ruling  table  for  Raritan  River  at  Findeme,  N.  J.,  from  June  £7, 1908^  to  December  Sly  1904- 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

1 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

1   height. 

1 

Discharge. 

FBet, 

Feet. 

Second-feet. 

Feet. 

1      fM. 

Second-feet. 

3.50 

125 

5.00 

1,255  1 

6.40 

2,825 

1      8.60 

5,650 

3.60 

171 

5.10 

1,355 

6.50 

2,945 

8.80 

5,930 

3.70 

219 

5.20 

1,460 

6.60 

3,065  , 

9.00 

6,210 

3.80 

272 

5.30 

1,565  ' 

6.70 

3,190 

9.20 

6,500 

3.90 

330 

5.40 

1 

1,675 

6.80 

3,315 

9.40 

6,800 

4.00 

393 

5.50 

1,785 

6.90 

3,440 

9.60 

7,100 

4.10 

461 

5.60 

1,895 

7.00 

3,565 

,      9.80 

7,410 

4.20 

534 

5.70 

2,005  ' 

7.20 

3,815 

'     10.00 

7,730 

4.30 

612 

5.80 

2,120 

7.40 

4,065 

10.50 

8,580 

4.40 

695 

5.90 

2,235 

7.60 

4,325 

11.00 

9,430 

4.50 

783 

6.00 

2,350  1 

7.80 

4,585 

11.50 

10,280 

4.60 

875 

1 

6.10 

2,465 

8.00 

4,845 

12.00 

11,130 

4.70 

969 

6.20 

2,585 

8.20 

5,110 

12.50 

11,980 

4.80 

1,064 

6.30 

2,705 

8.40 

5,380 

13.00 

12,830 

4.90 

1,159 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
12  dischai^e  measurements  made  during  1903  and  1904.  It  is  fairly  well  defined 
between  gage  heights  3.90  feet  and  10.50  feet.  The  table  has  been  extended  beyond 
these  limits.  Above  gage  height  10  feet  the  rating  curve  is  a  tangent,  the  difference 
being  170  per  tenth. 

Estimated  monthly  diKharge  of  Raritan  River  at  Findeme,  N.  J.,  for  1904* 


HoDth. 


Discharge  in  second-feet. 


Maxi- 
mum. 


March 9,515 

April 4,819 

May 1,178 

June 654 

July '  1,460 


Mini- 
mum. 


695 
393 
171 
116 
134 


Mean. 

1,580 

1,081 

460 

296 

343 


Month. 


August . . . 
September 
October  . . 
November 
December 


Discharge  in  second-feet. 


Maxi- 
mum. 


3,878 
16,060 
5,353 
4,221 
5,178 


Mini- 
mum. 


318 
171 
272 
301 
284 


Mean. 


856 

1,043 

920 

723 

886 


90 


8TKEAM   MEASUREMENTS   IN   1904,  PART  II. 


Ixo.  125. 


RARITAN    RIVER  AT  BOUND   BROOK,  N.  J. 

This  station  was  established  September  12, 1903,  by  E.  P.  Roundey. 
It  is  located  at  the  highway  bridge  just  back  of  the  Lehigh  Valley 
Railway  station  at  Bound  Brook,  N.  J.  The  original  gage  consisted 
of  a  vertical  li  by  6  inch  cypress  board  12  feet  long  bolted  to  the 
upstream  wing  wall  of  the  right  abutment.  It  was  carried  away  by 
the  ice  January  23, 1904r.  On  February  2, 1904,  a  standard  chain  gage 
was  bolted  to  the  upstream  side  of  the  bridge  240  feet  from  the  right 
abutment.  The  length  of  the  chain  from  the  end  of  the  weight  to  the 
marker  is  23.48  feet.  Bench  mark  No.  1  is  a  square  chiseled  on  top  of 
the  upstream  wing  wall  of  the  right  abutment.  Its  elevation  is  19.45 
feet  above  gage  datum.  Bench  mark  No.  2  is  the  top  of  the  rail  2  feet 
beyond  the  pulley  end  of  the  gage.  Its  elevation  is  23.77  feet  above 
gage  datum.  Bench  mark  No.  3  is  a  point  on  the  guard  rail  of  the 
bridge  225  feet  from  the  initial  point  for  soundings.  Its  elevation  is 
20.75  feet  above  gage  datum.  Discharge  measurements  are  made 
from  the  upstream  side  of  the  3-span  highway  bridge.  The  initial 
point  for  soundings  is  the  face  of  the  right  abutment.  The  channel  is 
straight  for  500  feet  above  and  below  the  station,  and  the  current  has 
a  moderate  velocity.  Both  banks  are  high,  subject  to  overflow  only 
at  very  high  stages,  and  are  without  trees.  The  bed  of  the  stream  is 
composed  of  gravel.  The  gage  is  read  twice  each  day  by  Joseph  K. 
Tantum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  RarUan  River  ai  Bound  Brook,  N.  J.,  in  1904- 


Date. 


April  11. 
May  11.. 
June  6... 
July  30.. 


Hydrographer. 


November  10.. 


F.  H.  Tillinghast. 
F.  H.  Bru adage.. 

J.  C.  Hoyt 

do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height.   1 

Feel. 

Sq./eet. 

Ft.  per  sec. 

Feet 

403 

1,234 

1.43 

2.12 

404 

1,006 

.66 

1.44  . 

381 

1,084 

.81 

1.55 

378 

1,016 

.48 

1.48  1 

884 

1,052 

.67 

1.52 

Dte- 
chaige. 

Sec.-fret. 
1.765 
668 
879 
490 
703 
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Mean  daily  gage  height^  infeet^  of  Raritan  Hirer  at  Bound  Brooke  N.  /.,  for  1904, 


Day. 

1  Jan. 

1 

1.80 

Feb. 

1 

Mar. 

2.y> 

Apr. 
4.00 

May. 

June. 
1.70 

1 

I  July. 

1 

1.70 

1 

1  Au«r. 

Sept. 
1.35 

i   Oct. 
\    1.46 

Nov. 

Dec. 

1 

1.40 

1.60 

1.55 

o 

1.80 
1.80 

'    2.10 
1.85 

1    2.40 
2.85 

4.00 
2.70 

1.70 
'    1.60 

1.70 
1.60 

1.75 
1.70 

1.40 
1.40 

1.40 
1    1.40 

1.55 
1.50 

1.45 

3 

1.40 

4 

1.60 

1.70 

2.95 

2.20 

1.50 

1.50 

1.55 

1.40 

1.40 

;    1.50 

1.40 

5 

1    1.50 

1.60 

1.90 

2.10 

1.40 

1.60 

2.85 

1.80 

1.35 

1.60 

1.35 

6 

'    1.50 

1.60 

1.60 

1.90 

1.56 

1.60 

3.40 

1.80 

1.30 

1.50 

1.35 

7 

1     1.50 

1.85 

3.85 

2.00 

1.55 

1.95 

2.20 

1.80 

1.30 

1.60 

1.40 

8 

1    1.60 

4.10 

8.60 

1.95 

1.40 

1.80 

2.55 

1.90 

1.30 

1.80 

1.50 

1.40 

9 

1.50 

3.45 

3.60 

2.10 

1.40 

,    2.00 

1.90 

1.70 

1.30 

1.30 

1.50 

1.40 

10 

1.60 

8.15 

2.35 

2.60 

1.40 

1.65 

1.60 

3.20 

1.80 

1.80 

1.60 

1.40 

11 

1.50 

2.85 

1.95 

2.15 

1.40 

1    1.50 

1.55 

4.60 

1.80 

1.30 

1.65 

1.40 

12 

1.50 

2.10 

1.75 

1.95 

1.85 

1.40 

1.55 

2.65 

1.80 

8.80 

1.80 

1.40 

13 

1.60 

1.80 

1.65 

1.85 

1.80 

1.40 

1.50 

2.40 

1.30 

8.30 

1.75 

1.35 

14 

1    8.30 

1.65 

1.50 

1.70 

1.85 

1.40 

L45 

2.15 

1.80 

2.20 

4.25 

1.80 

15 

'    2.95 
2.40 
2.30 
2.30 
2.20 
2.10 
2.00 
2.00 

d7.90 
(«) 
(') 
(*) 
(«) 
(0 
(') 
(') 

(') 

1 

1.75 
1.65 
1.65 
1.65 
1.60 
1.60 
1.50 
09.46 
5.25 
4.25 
2.65 
2.30 
2.05 
2.40 
8.15 

1 

1 

1.65 
1.80 
1.80 
1.80 
2,90 
2.65 
2.35 
2.60 
2.80 
2.40 
2.10 
2. 45 
2.60 
1.90 
1.75 
1.70 
1.70 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
2.45 

1.40 
1.45 
1.40 
1.40 
1.80 
1.45 
1.50 
1.40 
1.30 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.65 

1.40 
1.35 
1.30 
1.30 
1.30 
1.25 
1.20 
1.20 
1.20 
1.15 
1.10 
1.15 
1.15 
1.25 
1.50 
1.75 

L40 
1.40 
1.40 
1.35 
1.40 
1.35 
1.25 
i.20 
1.25 
1.80 
1.25 
1.25 
1.20 
1.40 
2.15 
L40 
1.35 

2.00 
1.76 
1.65 
1.55 
1.45 
4.60 
4.70 
3.40 
2.55 
2.05 
1.80 
1.65 
1.60 
1.50 
1.45 
1.40 
1.40 

clO.  10 
5.45 
8.70 
2.85 
2.15 
1.90 
1.75 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.45 

1.80 
1.70 
1.60 
1.55 
1.55 
1.45 
4.35 
6.35 
8.25 
2.60 
2.80 
2.05 
1.95 
1.75 
1.70 
1.70 
1.60 

2.96 
2.40 
2.15 
1.95 
1.90 
L85 
1.70 
1.70 
1.65 
1.60 
1.60 
1.60 
1.66 
1.60 
1.45 
1.60 

1.40 

16 

1.40 

17 

1.30 

18 

1.35 

19 

1.80 

20 

1.80 

21 

1.30 

22 

1.80 

23 

1.80 

24 

1.40 

25 

1.60 

26 

2.10 

27 

1.80 

28 

8.85 

29 

3.90 

30 

8.15 

31 

2.90 

a  River  frozen  except  under  ga^e. 


dice  Jam  In  morning;  river  clear  in  evening. 


bice  gone  out;  river  clear;  mghest  reading  11.2  feet.    «Oage  carried  out  by  ice. 
c  Hignest  gage  reading  11.7  during  flood. 

NoTE.~IUver  f rosen  from  January  1  to  February  22.    ThicknesB  of  ice  varied  from  2  to  12  inches. 
Gage  height  to  surface  of  ice. 

RASITAN   RIVER  (NORTH  BRANCH)  NEAR  PLUCKEMIN,  N.  J. 

This  station  was  established  September  9,  1903,  by  E.  P.  Roundey. 
It  is  located  at  the  second  bridge  below  Far  Hills,  N.  J.,  on  the  road 
to  Somerville,  N.  J.,  about  2  miles  from  Far  Hills.  The  gage  is  a 
vertical  IJ  by  6  inch  cypress  board  spiked  to  the  upstream  wing  wall 
of  the  right  abutment,  reading  from  0  to  10  feet.  The  gage  is  read 
twice  each  day  by  Thomas  Moore.  Discharge  measurements  are  made 
from  the  single-span  wooden  highway  bridge  on  the  downstream  side. 
The  initial  point  for  soundings  is  the  face  of  the  right  abutment  at  its 
downstream  end.  The  channel  is  straight  for  400  feet  above  and  300 
feet  below  the  bridge.  A  small  rift  occurs  in  the  channel  about  200 
feet  above  the  bridge.  The  current  is  sluggish.  I^th  banks  are  low 
and  liable  to  overflow.  The  bed  of  the  stream  is  composed  of  gravel. 
There  is  but  one  channel  under  the  bridge.    The  bench  mark  is  a 
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square  chiseled  on  the  top  of  the  upstream  wing  wall  of  the  right 
abutment.     Its  elevation  is  10.38  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

DUcharge  mecauremenis  of  HarUan  River  (North  Branch)  near  Pluckemin,  N.  J.,  in 

1904, 


Date. 


May  12 

November  9 


Hydrogmpher. 


F.  H.  Brundage 
H.  D.  Comstock 


Width. 


Feel. 
55 
55 


Area  of 
section. 


Mean  Gage  Di»- 

velocity.  ,   heiglit.       charg<e. 


Sq./tet,     Ft.  per  tee. 
160  0.35 

172  .  37 


FbeL 
1.51 
1.70 


Sec-fret 


Mean  daily  gage  height^  in  feet,  of  Raritan  River  {North  Branch)  near  Pluckeniin^  N.  /., 

for  1904. 


Day. 

Jan. 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.65 
8.00 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.75 
b6.26 
4.70 
2.90 
2.85 
3.00 
3.00 
3.00 
8.00 
3.00 

Feb. 

Mar. 

1 
Apr. 

May. 

1 

'  June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1 

8.00 
3.20 
8.20 
3.20 
8.20 
3.20 
3.45 
3.70 
3.80 
3.20 
3.20 
3.20 
3.20 
3.20 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
6.15 
3.55 
4.25 
3.95 
3.52 
3.50 
3.25 
2.55 

2.90 
2.80 
2.60 
2.30 
1.90 
1.90 
5.25 
8.00 
2.45 
2.25 
2.20 
2.08 
1.95 
1.80 
1.80 
1.80 
1.80 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.15 
2.05 
1.80 
1.82 
2.45 

2.85 
2.50 
2.30 
2.05 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.20 
2.10 
2.05 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
2.26 
2.15 
2.00 
2.00 

2.00 

2.10 

1.80 

1.80 

1.70 

1.70 

1.55 

1.50 

1.60 

1.56 

1.60 

1.55 

1.50 

1.50 

1.60 

1.70 

1.60 

1.60 

1.80 

1.90 

1.60 

1.52 

1.50 

1.50 

1.50 

1.50 

1.40 

1.30 

1.30  , 

1.90 

2.38 

2.30 
2.30 
2.35 
2.10 
2.15 
1.65 
1.90 
1.50 
2.05 
1.70 
1.58 
1.48 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.28 
1.20 
1.65 
1.65 

1.66 
1.40 
1.40 
1.40 
1.30 
1.30 
2.00 
2.80 
1.66 
2.00 
1.70 
1.75 
1.70 
1.40 
1.50 
1.80 
1.30 
1.65 
1.50 
1.35 
1.30 
1.30 
1.80 
1.46 
1.65 
l.GO 
1.30 
1.66 
2.20 
1.90 
2.00 

1.95 
1.70 
1.52 
2.65 
2.06 
1.70 
1.50 
1.50 
1.50 
2.80 
2.66 
2.15 
1.90 
1.83 
1.68 
1.60 
1.58 
1.50 
4.40 
3.00 
1.90 
1.78 
1.70 
1.63 
1.60 
1.60 
1.60 
1.55 
1.48 
1.43 
1.40 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
8.56 

(«) 

3.00 
2.90 
2.60 
2.50 
2.40 
2.30 
2.80 
2.30 
2.80 
2.20 
2.20 
1.90 
1.80 

1 

1.8D 

1.70 

1.60 

1.60 

1.60 

1.60 

1.50 

1.50 

1.85 

1.65 

2.80 

1.85 

1.70 

1.70 

1.70 

LTD 

LOO 

1.G0 

1.60 

1.52 

4.55 

2.80 

2.55 

2.26 

2.06  I 

1.95 

1.90 

1.90 

1.90 

1.90 

1.88 

1 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.75 

1.70 

1.70 

1.70 

1.80 

1.70 

2.85 

2.60 

2.18 

2.10 

2.00 

2.00 

2.00 

2.96 

2.90 

2.88 

2.80 

2.78 

2.70 

2.70 

2.70 

2.56 

2.35 

2.15 

1 

1  95 

2 

1  T5 

8 

1.(0 

4 

1  30 

6 

i.ao 

6 

1.50 

7 

LTD 

8 

i.Te 

9 

l.Tl 

10 

1.71' 

11 

LTU 

12 

l.Tu 

13 

1.70 

14 

1.70 

16 

1.70 

16 

1.75 

17 

1.^ 

18 

2.  JO 

19 

**  J) 

20 

o  3) 

21 

i'JU 

22 

2.30 

28 

2.3P 

24 

iS) 

25 

2.W 

26 ^ 

27 ! 

28 ' 

29 

30 

31 

•176 
2.50 

a  Gage  washed  away  on  14th;  put  up  again  on  18th. 

{>  Ice  went  out;  greatest  height,  6.8.    River  frozen  again  the  24th. 

Note.— River  frozen  from  January  1  to  March  1,  when  ice  went  out    Thickness  of  ioe  varied  fnim 
6  to  12  inches.    River  frozen  December  8-31.    Qage  heights  to  surface  of  ice. 
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MILLSTONE   RIVER  AT  MILLSTONE,  N.  J. 

This  station  win*  established  June  26,  1903,  by  E.  P.  Roundey.  It 
is  located  at  a  highway  bridge  near  the  blacksmith  shop  in  the  village 
of  Millstone,  N.  J.  The  gage  i.s  a  vertical  li  by  6-inch  cypress 
board,  spiked  to  the  left  abutment  of  the  bridge  on  the  downstream 
side.  It  reads  from  0  to  10  feet,  and  is  graduated  with  galvanized- 
iron  staples.  The  bench  mark  is  a  cross  chiseled  on  the  coping  near  the 
end  of  the  downstream  wing  wall  of  the  left  abutment.  Its  elevation 
is  11.11  feet  above  the  zero  of  the  gage.  The  gage  is  read  twice  each 
day  by  E.  H.  Wyckoff,  the  blacksmith.  Discharge  measurements  are 
made  from  the  upstream  side  of  the  single-span  highway  bridge,  to 
which  the  gage  is  attached.  The  bridge  has  a  span  of  93  feet  and 
is  located  about  1  mile  above  a  dam.  The  gage  heights  may  be 
influenced  by  this  dam  and  also  by  backwater  from  Karitan  River. 
The  initial  point  for  soundings  is  the  face  of  the  left  abutment.  The 
channel  is  straight  for  500  feet  above  and  100  feet  below  the  station. 
The  current  is  sluggish  at  low  water.  Both  banks  are  low,  wooded,  and 
liable  to  overflow.  At  extreme  high  water  the  right  bank  overflows 
for  a  considerable  distance.  The  bed  of  the  stream  is  composed  of 
gravel.     This  station  was  discontinued  December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  mecuuremtnts  of  MillMone  River  at  MUbionej  N,  /.,  in  1904- 


I>ate. 

Hydrographer. 

April  11 

June  26 

F.  H.  Tillinghast.... 
J.  C.  Hovt 

July  30 

w 

do 

November  10  . . 

H.  D.  Comstock 

- 

Width. 

Area  of 
section. 

Mean 
velocity. 

Ft.  per  sec. 

Gaxe 
height. 

Di»- 
chaige. 

Feet. 

Sq./eet. 

.     Feet. 

Sec.'feet. 

93 

372 

1.60 

1.19 

596 

93 

293 

.S6 

.27 

251 

93 

26S 

.44 

.05 

118 

93 

362 

.70 

.S4 

247 

' 
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Mean  daily  gage  height,  in  feet,  of  MUUlone  River  at  MilUtone,  N,  J.,  for  190^ 


Day. 


1 
2 
8 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Ifi 
17 
IH 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 

0.65 

.85 

.30 

.80 

.60 

.60 

.60 

.50 

.60 

.50 

.60 

.50 

.52 

2.10 

1.70 

1.25 

1.05 

.60 

.50 

.60 

.60 

.60 

h6.88 

6.20 

4.02 


Feb.  I  Mar. 


0.58 

.80 

.50 

.60 

.60 

.50 

1.80 

3.?2 

1.85 

1.15 

.75 

.35 

.28 

.25 

.18 

.20 

.20 

•20 

.20 

.20 

.20 

7.16 

6.90 

«'5.02 

2.60 


t 


1.78 

2.05 

3.02 

.68 

2.10 

1.52 

1.46 

2.00 

.98 

.70 

•>>•••> 

1.85 

2.22 

1.72 

2.02 

1.08 

.42 

2.45 

6.20 

4.02 

1.88 

1.08 

.75 

.62 

.52 

.40 

.56 

.80 

.85 

2.12 

1.62 

1.18 

1.40 

1.65 

1.88 

1.12 

1.38 

1.88 

.92 

.68 

.65 

1.05 


Apr.     May. 


3. 12 
3.65 
2.26 
1.38 
1.06 

.92 

1.08 

1.60 

1.20 

1.02 

.82 

.62 

.52 

.52 

.38 

.82 

.35 

.30 

.28 

.20 

.20 

.10 

.15 

.18 

1.80 

2.68 

2.08 

1.52 


1.02 
.68 
.60 
.60 
.35 
.28 
.25 
.20 
.20 
.20 
.18 
.20 
.10 
.12 
.30 
.18 
.02 

-.10 
.12 
.20 
.22 
.30 
.10 
.05 
.05 
.10 
.02 
/-.05 

-.04 
.01 
.60 


0.68 

1.38 

.75 

.50 

.40 

.30 

.72 

1.08 

1.82 

.85 

.42 

.22 

.10 

.05 

.02 

.Of* 

.06 

.02 

-.02 

-.16 

.12 

.02 

.06 

.00 

.00 

.08 

.10 

.01 

-.02 

-.08 


I" 


0.04 
.01 
.04 
.08 
.01 
.02 
.08 
.48 
.45 
.38 
.25 
.18 
.40 
.40 
.25 
.20 
.10 
.12 
.08 
.10 
.10 
.03 
.02 
.03 
.02 
.07! 
.02 
.85 
.20 
.10 
.10 


Aug. 

0.15 

.52 

.60 

.62 

1.15 

.86 

1.88 

1.60 

.75 

.66 

2.78 

2.78 

2.58 

2.60 

1.22 

.82 

.62 

.40 

.30 

6.20 

6.75 

5.15 

2.62 

1.90 

.88 

.70 

.60 

.52 

.42 

.88 

.22 


Sept,     Oct.      Nov 


0.26 
.22 
.25 
.25 
.15 
.18 
.18 
.15 
.06 
.12 
.20 
.04 
.01 
.15 

7.32  ' 

7.42  I 

5.02  ! 

2.20 

1.30  ' 
.95 
.72  , 
.55  ! 
.48 
.45  I 
.42 
.25 
.32 
.30 

(«) 

(") 


(«) 

(«) 

(«) 

(«) 

(«) 

0.58 

.60 

.55 

.60 

.65 

.48 

3.25 

4.65 

1.96 

1.40 

1.20 

.98 

.92 

.85 

.85 

4.10 

6.40 

3.55 

2.30 

1.62 

1.S2 

1.25 

1.07 

1.00 

.92 

.87 


0.80 

.S7 

.86 

.87 

.85 

.87 

.75 

.78 

.87 

.87 

1.25 

1.30 

1.5(2 

4.27 

S.S2 

2.32 

1.80 

1.40 

1.22 

1.15 

1.10 

.98 

.92 

.92 

.90 

.85 

.78 

.68 

.68 

.88 


Ihx. 

•J.  v'i 

.:? 

.75 
.7l 

■  fi} 
,t& 

.►»"• 

.«%> 

6»' 

.tC- 

■  K" 

.^" 

.71 

.» 
1.3 

4.00 
2.'<' 
2.*'^ 
2.02 


n  Below  gage;  drawn  off  to  repair  dam. 


^('auHed  by  Ice  jam. 


Note.— River  frozen  January  1  to  February  23;  also  December  11  to  81. 
Gage  heights  to  surface  of  ice. 


c  Ice  gone  out  of  river. 
Ice  3  to  6  inches  thick. 


DEIiAWARK  RIVER  DRAINAGE  BASIN. 

Delaware  River  rises  on  the  slope  of  Mine  Mountain,  near  the  south- 
western line  of  Schoharie  County,  New  York,  flows  southwesterly 
across  central  Delaware  County  to  Deposit,  where  it  is  joined  by 
Oquaga  Creek,  a  large  tributary  draining  eastern  Broome  County. 
The  upper  drainage  area  is  relatively  long  and  narrow,  with  numerous 
short  lateral  tributaries.  It  is  rugged  and  to  a  considerable  extent 
wooded.  There  are  low  water-power  dams  near  Hamden  and  Delhi. 
At  Deposit  the  stream  turns  abruptly  to  the  southeast,  fonning  the 
boundary  line  between  New  York  and  Pennsylvania,  until  Port  Jervis 
is  reached.  Here  it  encounters  the  foot  of  the  Shawangunk  Bange, 
and  its  direction  of  flow  is  again  turned  to  the  southwest.  Below  Port 
Jervis  the  Delaware  forms  the  division  between  Penns3"lvania  and  New 
Jersey,  and  ultimately  empties  into  Delaware  Bay  below  Philadelphia. 


"^4^nd*hJI^^^^"0  delawabe  biver  drainage  basin.  96 

Above  Hancock  the  main  stream  is  known  as  the  West  Branch  of 
Delaware  River,  to  distinguish  it  from  the  smaller  East  or  Pepacton 
Branch. 

The  West  Branch  of  the  Delaware  is  sometimes  called  the  Mohawk. 
It  should  not  be  confused  with  Mohawk  River,  a  tributary  of  Hudson 
River.  The  East  Branch  of  the  Delaware  flows  parallel  to  the  West 
JBi-anch  across  southern  Delaware  County,  but  its  drainage  area  is 
broader  and  its  tributaries  longer  and  more  branching  than  those  of 
the  West  Branch.  Many  of  the  tributaries  head  in  small  lakes  and 
ponds. 

From  Hancock  to  Port  Jervis,  a  distance  by  river  of  76  miles,  the 
Delaware  flows  in  a  broad,  shallow  channel  with  numerous  slight  rifts  ' 
and  a  relatively  rapid  current.  Several  large  tributaries  enter  in  this 
section  of  the  stream,  notably  Mongaup  and  Callicoon  creeks  and 
Neversink  River  from  the  New  York  side,  and  the  Lackawaxen  River 
from  Pennsylvania. 

The  drainage  area  of  Delaware  River  above  Port  Jervis  lies  about 
four-fifths  in  New  York  and  one-fifth  in  Pennsylvania. 

Neversink  River  rises  in  southwestern  Ulster  County,  two  branches 
uniting  to  form  the  main  stream  near  Sullivan  County  line.  The 
stream  then  flows  southerly,  crossing  eastern  Sullivan  County,  and 
enters  Delaware  River  at  Port  Jervis.  Its  fall  is  rapid  and  often  pre- 
cipitous, and  its  drainage  basin  contains  numerous  small  lakes. 

Measurements  of  flow  of  Delaware  River  were  made  during  the  lat- 
ter half  of  June,  1891,  by  Prof.  Dwight  Porter  and  students  at 
Delaware  Watergap,  Pa.  The  results  show  a  flow  of  from  2,000  to 
2,200  second-feet.  This  was  said  to  be  the  lowest  June  stage  for  five 
years.  Measurements  were  made  during  the  drought  of  1895  by  Prof. 
L.  M.  Haupt  at  Point  Pleasant,  Pa.,  near  the  intake  of  the  Delaware 
and  Raritan  Canal  feeder.  The  discharge  above  the  bridge  was  1,657 
second-feet  and  below  the  bridge  1,328  second- feet.  Delaware  River 
was  measured  by  E.  G.  Paul,  June  4,  1899,  at  Martins  Creek,  Pa.,  7 
miles  above  the  mouth  of  Lehigh  River,  and  a  discharge  of  2,724 
second-feet  was  found. 

Stations  were  maintained  in  this  basin  during  1904  by  the  United 
States  Geological  Survey  as  follows:  Delaware  River  (West  Branch) 
at  Hancock,  N.  Y.;  Delaware  River  (East  Branch)  at  Hancock,  N.  Y.; 
Delaware  River  at  Lambertyille,  N.  J.;  Lehigh  River  at  South  Beth- 
lehem, Pa.;  Musconetcong  River  near  Bloomsbury,  N.  J. 

Aside  from  these  stations,  measurements  have  been  made  for  several 
years  by  John  E.  Codman,  hydrographer  of  the  water  department  of 
the  city  of  Philadelphia.  The  stations  maintained  by  Mr.  Codman 
are  located  on  the  following  streams,  all  in  the  vicinity  of  Philadel- 
phia: Perkiomen,  Tohickon,  and  Neshaminy  creeks,  and  Schuylkill 
River. 
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STREAM   MEASUREMENTS   IN  1904,  PART   U. 
DELAWARE  RIVER   (wEST   BRANCH)    AT  HANCOCK,  N.  Y. 


[NO.  125. 


This  station  was  established  October  15,  1902,  by  P.  M.  Churchill, 
assisted  by  C.  C.  Covert.  It  is  located  about  one-half  mile  south  wa>t 
of  the  £rie  Railroad  station  at  Hancock,  N.  Y.,  and  about  1  mile  above 
the  junction  of  the  Ekist  and  West  branches  of  the  Delaware.  The 
original  wire  gage  was  attached  to  the  upstream  side  of  the  bridge. 
It  was  replaced  July  20,  1903,  by  a  standard  chain  gage,  which  wa$ 
installed  by  F.  H.  Tillinghast.  The  location  and  the  gage  datum  were 
not  changed.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  marker  is  30.44  feet.  The  gage  is  read  twic^  each  day  by  Darid 
Pulver,  the  collector  of  tolls  at  the  bridge.  Discharge  measurements 
are  made  from  the  downstream  side  of  the  bridge  at  which  the  gage  is 
located.  The  bridge  has  a  single  span  of  235  feet.  The  initial  point 
for  soundings  is  the  top  of  the  face  of  the  left  abutment  on  the  down- 
stream side.  The  bridge  floor  is  marked  at  intervals  of  5  feet  with 
black  paint.  The  channel  is  straight  for  400  feet  above  and  for  8(X> 
feet  below  the  bridge.  The  current  is  swift.  Both  banks  are  high 
and  rocky  and  are  not  subject  to  overflow.  The  bed  of  the  stream  i.s 
composed  of  earth  and  cobblestones.  The  bench  mark  is  a  circular 
chisel  draft  on  the  upstream  corner  of  the  left  abutment.  Its  eleva- 
tion is  24.25  feet  above  gage  datum.  The  elevation  of  the  top  of  the 
pulley  is  30.54  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  h^^drographer. 

Discharge  measurements  of  Delaware  Rii^er  ( West  Branch)  at  Hancock,  N.  Y.,  in  1904, 


Date. 

Hydrographer, 

Area  of 
section. 

Mean 
velocity. 

Gaee 
height. 

Discharge. 

July  15 

September  11  .. 

C.  C.  Covert 

Sq.Jeei. 
326 
408 

Feel  per  kc. 

0.55 

.92 

Feet. 
3.05 
3.39 

180 

Covert  and  Swancott 

375 

""a^d^'ho?"!"*']    DELAWARE   RIVER   DRAINAGE   BASIN. 
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Mean  daily  gage  keighlj  in  feet,  of  Delaware  River  (  Weel  Branch)  at  Hancock,  N.  K,  for 

1904. 


D«y. 

Jan. 

5.82 
6.87 
5.87 
5.17 
4.67 
5.42 
6.77 
5.77 
5.72 
5.22 
5.42 
5.32 
5.12 
5.07 
4.42 
4.87 
5.02 
4.97 
4.67 
4.62 
4.72 
4.87 
6.32 
7.32 
5.62 
5.12 
6.27 
8.62 
8.32 
8.32 
7.92 

Feb. 

Mar. 

Apr. 

May. 

4.96 
4.76 
4.56 
4.56 
4.27 
4.27 
4.02 
8.97 
8.92 
8.67 
8.57 
3.42 
3.57 
3.37 
4.27 
4.12 
4.12 
4.17 
3.97 
4.57 
4.32 
4.19 
3.92 
4.07 
3.77 
3.87 
3.62 
3.52 
3.37 
3.37 
3.47 

June. 

8.49 
8.82 
8.39 
3.42 
8.81 
8.71 
8.46 
8.66 
4.41 
4.11 
8.96 
3.74 
3.48 
3.46 
3.46 
3.61 
3.68 
3.81 
3.26 
3.14 
8.21 
3.01 
3.06 
3.11 
3.16 
3.16 
2.94 
2.71 
3.06 
2.84 

July. 

Aug. 

8.65 
4.15 
4.90 
4.50 
4.10 
5.50 
4.20 
8.90 
8.75 
3.90 
4.85 
4.12 
8.80 
3.70 
8.80 
3.85 
3.55 
3.60 
3.60 
4.10 
4.75 
4.35 
5.40 
4.70 
4.85 
4.25 
4.05 
3.88 
3.72 
3.80 
3.50 

Sept. 

8.45 
3.50 
3.55 
4.15 
4.20 
3.90 
3.70 
3.60 
8.40 
3.85 
3.40 
.  8.85 
3.10 
3.20 
4.40 
4.10 
3.55 
8.55 
3.55 
3.35 
3.15 
3.10 
3.10 
3.20 
5.00 
4.40 
4.50 
4.45 
3.90 
4.65 

Oct. 

4.35 
4.10 
3.90 
8.80 
8.75 
8.55 
3.45 
8.35 
3.45 
3.50 
3.50 
3.75 
3.90 
4.65 
4.40 
4.25 
4.05 
3.90 
8.90 
8.80 
5.80 
7.50 
5.96 
5.35 
5.00 
4.85 
4.55 
4.15 
4.15 
3.95 
8.95 

Nov. 

Dec. 

; 

7.47 

8.52 

7.97 

7.67 

7.42 

7.07 

7.82 

14.43 

13.26 

11.96 

11.86 

11.61 

11.81 

10.96 

11.01 

10.51 

10.06 

10.06 

10.01 

10.06 

10.06 

10.81 

11.11 

11.76 

10.56 

10.46 

10.01 

9.91 

10.06 

9.71 

9.91 

10.06 

11.81 

12.41 

11.44 

11.39 

11.66 

11.81 

10.04 

8.69 

8.27 

6.91 

6.34 

6.14 

5.71 

5.81 

5.89 

5.87 

5.84 

6.09 

5.69 

7.81 

9.42 

8.H4 

13.05 

7.54 

6.04 

5.39 

5.24 

5.04 

5.79 
6.50 
5.64 
5.21 
5.13 
5.13 
5.46 
5.76 
5.83 
6.23 
5.73 
5.33 
5.03 
4.78 
4.53 
4.40 
4.43 
4.28 
4.08 
3.98 
4.08 
4.08 
3.98 
3.93 
3.96 
4.08 
4.16 
5.06 
5.20 
5.10 

3.26 
3.11 
2.94 
3.11 
3.11 
3.21 
3.01 
8.06 
8.08 
3.11 
8.06 
3.14 
8.06 
8.30 
3.10 
4.50 
3.80 
8.65 
3.60 
8.40 
3.30 
3.20 
8.10 
8.05 
3.00 
3.35 
4.15 
3.60 
4.20 
8.90 
3.80 

3.85 
8.75 
3.75 
8.65 
3.55 
3.55 
3.60 
3.50 
8.40 
3.45 
3.40 
3.45 
8.40 
8.60 
8.40 
3.55 
3.85 
3.80 
8.35 
3.45 
3.90 
4.50 
4.40 
4.45 
4.25 
4.10 
3.95 
3.60 
3.55 
4.05 

8.90 
3.65 

3 

3.35 

4 

3.35 

5 

3.80 

6 

3.85 

7 

3.45 

8 

3.25 

9 

3.80 

10 

4.25 

11 

4.75 

12 

13 

4.70 
4.70 

14 

4.60 

3.5 

4  50 

16 

4.60 

17 

4.25 

18 

19 

4.65 
4.45 

20 

4.55 

•21 

4.40 

22 

4.25 

23 

4.45 

24 

4.65 

25 

4.85 

26 '.. 

4.45 

27 

4.95 

28 

7.30 

29 

5.75 

30 

5.05 

31 

4.60 

NOTK.— Ice  conditions  January  1  to  March  7;  also  December  9  to  27.    Gage  heights  to  surface  of  lee. 
IBR  125—05 7 
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STREAM   MEASUREMENTS    IN    1904,  PART   II. 


[wo.  I2n. 


DELAWARE   RIVER  (EAST  BRANCH)  AT   HANCOCK,  N.  Y. 

This  station  was  established  October  14,  1902,  by  P.  M.  Churchill 
and  C.  C.  Covert.  It  is  located  at  the  highway  bridge  one-half  mile 
southeast  of  the  Erie  Railroad  station  at  Hancock,  N.  Y.,  and  1  milo 
above  the  junction  with  the  West  Branch  of  Delaware  River.  The 
Erie  Railroad  bridge  is  just  below  the  station.  The  standard  chain 
gage  with  inclosed  scale  is  attached  to  the  lower  chord  of  the  second 
span  from  the  left  end  of  the  bridge  on  the  upstream  side.  It  was 
installed  to  replace  the  old  wire  gage  July  21,  1903,  by  F.  H.  Tilling- 
hast.  The  gage  datum  was  not  changed.  The  length  of  the  chain 
from  the  end  of  the  weight  to  the  marker  is  32.43  feet.  The  gage  is 
read  twice  each  day  by  D.  B.  Van  Etten.  Discharge  measurements 
are  made  from  the  downstream  side  of  the  5-span  iron  highway  bridge 
to  which  the  gage  is  attached.  The  bridge  has  a  total  span  of  42.'>.o 
feet  between  abutments.  The  initial  point  for  soundings  is  the  face 
of  the  right  abutment  at  the  top.  The  channel  is  straight  for  6U<>  feet 
above  and  for  300  feet  below  the  station.  The  current  is  swift.  Botli 
banks  are  of  medium  height,  and  are  not  subject  to  overflow.  The  l)ed 
of  the  stream  is  composed  of  rocks  and  gravel  and  is  not  subject  to 
change.  There  are  three  channels  at  low  water  and  five  channels  at 
high  water.  The  bench  mark  is  a  circular  chisel  draft  on  the  top  of 
the  left  abutment  on  the  downstream  side.  It  is  marked  "  B.  M.'^  Its 
elevation  is  27.93  feet  above  gage  datum.  The  elevation  of  the  top  of 
the  gage  pulley  is  32.40  feet  above  gage  datum.  During  low  water  the 
elevation  of  the  water  surface  at  the  station  is  lower  than  the  water 
surface  at  the  station  on  the  West  Branch  of  the  Delaware,  but  there 
is  no  danger  of  the  gage  heights  being  affected  b}'  backwater  from  the 
West  Branch,  as  there  is  considerable  fall  between  the  gaging  station 
and  the  junction  of  the  branches. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  measurements  of  Delanrtre  River  (East  Branch)  at  Ilancocky  N.  >'.,  m  1904- 


Date. 


July  14 

September  11 . 


Hydrographer. 


C.C.  Covert 

CJo vert  and  Swancott. 


Area  of 
section. 

Mean 
velocity. 

Sq.Jt. 

586 
528 

Fl.peraec. 

0.98 

.77 

Gaife 
height. 


Feet. 
3.26 
3.04 


Dl^'har^e. 

Setrntd/trt. 

408 
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Mean  daily  gage  height,  in  feet,  of  Delaware  River  (East  Branch)  at  Hammock,  N.  1'., 

for  1904. 


Day. 

Jan. 
4.67 

Feb. 

Mar. 

4.71 

Apr. 
5.64 

May. 

June. 
3.47 

July. 

Aug. 
3.75 

Sept. 
3.28 

Oct. 
3.85 

Nov. 

Dec. 

1 

5.32 

5.28 

3.28 

3.80 

4.45 

•> 

4.97 
4.32 

4.77 
4.62 

4.81 
4.96 

6.99 
6.24 

4.96 
4.73 

3.89 
3.37 

3.26 
3.08 

3.75 
3.98 

3. -28 
3.22 

3.62 
3.55 

3,70 
3.62 

-1  32 

3 

4.12 

4 

4.17 

4.62 

4.86 

5.64 

4.66 

3.37 

2.96 

3.78 

3.85 

3.48 

3.60 

1.22 

5 

4.17 
4.17 

4.47 
4.42 

5.51 
.  5.79 

6.88 
5.48 

4.42 
4.25 

8.38 
3.54 

2.95 
2.95 

3.58 
3.48 

3.32 
3.18 

3.40 
8.32 

3.52 
3.60 

3  90 

6 

4.05 

I....... ....... 

4.35 
4.62 

a  6. 81 
8.26 

7.54 
19.49 

6.08 
6.18 

4.15 
4.05 

3.58 
3.94 

2.97 
3.05 

3.38 
3.25 

3.12 
3.08 

3.30 
3.22 

3.58 
3.48 

4. 15 

8 

4.(5 

9 

4.49 

8.21 

13.99 

7.13 

3.95 

4.18 

2.97 

3.20 

3.10 

3.20 

3.40 

3.90 

10 

4.49 

7.21 

12.54 

7.88 

3.85 

4.18 

2.96 

3.45 

3.15 

3. '20 

3.40 

3. 75 

11 

4.77 

6.91 

12.74 

6.83 

3.77 

3.94 

2.90 

4.35 

3.08 

3.20 

8.40 

4.05 

12 

4.42 

6.01 

12.79 

6.68 

3.72 

3.76 

2.97 

4.02 

2.98 

8.32 

3.40 

4.36 

13 

4.22 

5.61 

12.79 

6.28 

3.65 

3.64 

3.30 

8.70 

2.90 

4.05 

8.35 

4.40 

14 

4.22 

5.36 

12.64 

5.53 

8.55 

8.48 

3.22 

8.55 

2.92 

3.95 

8.48 

4.35 

15 

4.42 
4.57 

5.81 
5.01 

12.69 
12.64 

4.78 
4.80 

8.69 
4.07 

3.46 
3.54 

8.08 
3.80 

3.55 
3.42 

3.28 
8.85 

8.78 
3.68 

3.42 
8.50 

4  45 

IK 

4.55 

17 

4.87 

4.71 

12.44 

4.58 

3.95 

3.41 

3.58 

3.32 

3.42 

8.60 

3.45 

4.65 

IM 

4.77 
4.67 
4.92 
5.22 

4.61 
4.51 
4.61 
4.56 

12.24 
12.14 
12.34 
12.24 

4.48 
4.38 
4.28 
4.16 

8.85 
3.85 
8.99 
3.92 

8.81 
8.26 
3.18 
3.16 

3.45 
3.65 
8.40 
3.22 

3.60 
8.52 
3.80 
4.70 

3.22 
3.12 
3.10 
3.0') 

3.52 
3.50 
8.45 
9.02 

3.40 
8.40 
3.40 
3.60 

4.70 

19 

4.70 

20 

4.70 

•Jl 

4.70 

22 

5.57 

4.66 

13.34 

4.20 

8.79 

3.14 

3.12 

4.15 

2.98 

9.10 

4.25 

4.65 

23 

5.52 

5.11 

14.49 

4.23 

8.67 

8.08 

8.06 

4.52 

2.92 

6.38 

4.18 

4.65 

21 

69.32 

5.01 

15.74 

4.10 

3.72 

3.06 

8.05 

4.18 

3.00 

5.50 

4.15 

4.55 

25 

10.57 

9.32 

10. 17 

4.76 
4.61 
4.41 

15.39 

17.04 

9.24 

4.23 
4.23 
4.58 

8.66 
3,57 
3.69 

3.01 
2.98 
2.91 

3.00 
3.18 
3.42 

3.95 
3.88 
8.75 

3.50 
3.60 
3.58 

5.00 
4.75 
4.48 

4.10 
4.02 
3.88 

5. 15 

26 

4.85 

27 

5.a5 

2^^ 

10. 12 

4.61 

6.49 

5.13 

3.55 

2.88 

8.35 

3.58 

3.48 

4.28 

3.75 

7.10 

29 

9.07 
8.07 
5.42 

4.61 

6.59 
5.39 
5.19 

5.68 
6.46 

3.45 
3.89 
3.45 

2.94 
3.06 

5.96 
4.62 
4.00 

8.48 
8.40 
8.32 

8.40 
3.78 

4.12 
4.00 
3.88 

4.80 
5.10 

5.' 80 

30 

5.05 

31 

4.80 

1  January  24-30,  back  water  from  ice  jam.  ^  February  7-13,  back  water  from  ice  jam. 

N'oTB.— River  frozen  from  January  10  to  March  21;  also  December  11-28.    Gage  heights  to  surface  of 
water  in  hole  cut  in  Ice. 

DELAWARE   RIVER  AT  LAMBERTVILLE,  N.  J. 

This  station  was  established  at  the  covered  toll  bridge  on  July  23, 
1897,  by  E.  G.  Paul.  The  datum  of  the  chain  gage  was  2  feet  below 
that  of  the  United  States  Weather  Bureau  gage  painted  on  the  first 
bridge  pier,  and  was  referred  to  a  copper  bolt  set  in  the  sill  of  the 
extreme  south  door  at  the  east  side  of  the  station  of  the  Pennsylvania 
Railroad;  elevation,  27.82  feet.  This  bench  mark  is  No.  9  of  the 
Peiinsvlvania  Railroad  and  has  an  elevation  of  72.69  feet  above  sea 
level.  The  bridge  to  which  this  gage  was  attached  was  carried  away 
in  the  flood  of  October  10-11,  1903.  After  that  date  and  until  July 
22,  1904,  gage  heights  were  read  from  a  temporary  gage  on  one  of 
the  piers.  On  the  latter  date  a  standard  chain  gage  was  attached  to 
the  new  steel  bridge  which  occupies  the  site  of  the  old  toll  bridge  and 
set  to  the  same  datum  as  the  original  chain  gage;  length  of  chain, 
30.46  feet.  At  the  time  this  gage  was  installed  a  second  bench  mark 
was  established  on  the  top  of  the  bolt  in  the  fifth  course  below  the 
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coping  on  the  upstream  face  of  the  left  abutment;  elevation,  14. S2 
feet.  Measurements  are  made  from  the  lower  side  of  the  bridge. 
The  initial  point  for  soundings  is  on  the  left  bank.  The  channel 
above  and  below  is  stiuight.  The  current  is  sluggish  for  a  short,  dis- 
tance near  the  left  bank.  The  bed  is  of  gravel  and  sand  and  does  not 
change.  A  dam,  located  about  a  mile  below  the  station,  may  change 
slowly  and  thus  affect  in  time  the  stage  of  water  at  the  station.  The 
gage  is  read  twice  daily  by  Charles  H.  Naylor,  collector  of  tolls. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Delaware  Rirer  ai  LcunberivUle,  N.  /.,  in  1904- 


Date. 


July  22 

November  7 


Hydrographer. 


Witlth. 


Area  of 
.section. 


Feet. 
910 


R.  J.  Taylor 

E.  C.  Murphy 1, 030 


Sq.  feet. 
3,614 
4,747 


Mean 
velocity. 


Gagv 
height. 


charge. 


Fl.  per  tec. 
0.90 
1.33 


Feet         See.-:fat 
2.98         3,249 
3.94  I       6,3(6 


Mean  daily  gage  heighty  infeety  of  Delaumre  River  at  LamhertmJUe,  N.  J..,  for  J904. 


Day 


Jan. 


3. 


9. 
10. 
11. 
12. 
13. 
14. 
15. 


Feb. 


Mar. 


(«) 


('») 


(«) 


c7.ao 

«?6.30 


(«) 


(") 


7.00 
8.30 


(") 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
SO. 
31. 


(«) 


7.90 


(°) 


(«) 


'■S.OO 
e4.45 
^4.30 
e5.00 


<no.oo 

«n6.06 
rfl8.60 
dll.  75 


(«) 


C) 


5.30 
9.45 
7.70 
8.a'> 
6.40 
5.20 
4.55 
4.15 
3.80 
3.75 
3.45 
8.40 
3.40 
3.85 
3.85 
3.95 
4.25 
4.20 
5.75 
6.45 
9.76 
8.30 
6.20 
5.15 
4.80 


Apr. 

5.45 
8.a5 
7.80 
6.50 
5.30 
4.95 
4.75 
4.85 
5.30 
5.60 
5.65 
5.10 
4.60 
4.15 
3.85 
3.50 
3.35 
3.05 
3.00 
2.90 
2.90 
2.85 
2.70 
2.60 
2.60 
2.60 
2.80 
3.15 
3.60 
3.95 


May.  I  June. 


I 


3.S5 
8.75 
3.45 
3.10 
2.95 
2.85 
2.65 
2.60 
2.50 
2.50 
2.55 
2.65 
2.60 
2.60 
2.65 
2.80 
2.80 
3.05 
3.25 
3.35 
3.35 
3.35 
3.20 
2.96 
2.85 
2.80 
3.20 
3.50 
3.35 
2.95 
8.15 


3.20 
3.20 
3.20 
3.05 
2.90 
2.95 
3.05 
2.80 
2.70 
3.10 
3.25 
8.15 
2.85 
2.70 
2.65 
2.50 
2.40 
2.30 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.80 
2.80 
2.80 
2.90 


3.10 
3.50 
3.35 
3.25 
3.10 
3.06 
8.00 
8.45 
4.20 
4.00 
8.70 
8.55 
8.70 
3.50 
8.00 
8.00 
8.00 
8.05 
8.40 
3.40 
8.00 
8.20 
2.80 
2.80 
2.76 
2.80 
2.95 
8.45 
8.40 
8.45 
4.10 


8.80 
3.55 
3.40 
3.30 
3.55 
3.60 
8.40 
8.30 
8.85 
8.80 
4.10 
3.45 
8.95 
4.15 
8.80 
8.45 
8.25 
8.15 
8.05 
8.40 
8.95 
8.95 
4.80 
4.05 
4.20 
4.00 
3.65 
8.55 
8.40 
8.80 
8.20 


3.10 
3.06 
8.06 
8.10 
3.05 
8.00 
8.10 
3.20 
8.00 
2.95 
3.20 
2.96 
2.80 
8.60 
6.96 
6.16 
4.75 
4.60 
4.20 
8.90 
8.60 
8.60 
8.85 
3.20 
8.20 
8.10 
3.10 
8.75 
8.70 
8.75 


3.65 
8.60 
3.90 
8.76 
3.65 
3.60 
8.40 
8.40 
3.40 
SlSO 
8.20 
8.90 
3.70 
8.90 
4.20 
4.30 
4.06 
3.90 
8.75 
3.60 
4.85 
7.60 
9.16 
7.10 
6.26 
6.60 
6.20 
6.00 
4.80 
4.70 
4.60 


Nov.     Dec. 


4.35 
4.20 
4.10 
4.05 
3.95 
4.00 
S.90 

a.»o 

3.80 
3.70 
3.70 
3.70 
3.80 
4.40 
4.86 
4.25 
4.20 
4.10 
4.05 
4.00 
S.90 
4.06 
4.40 
4.70 
4.60 
4.56 
4.45 
4.SC 
4. 2D 
4.00 


I 


4.00 
4.10 

4.<e 

3.96 
3.90 
Sw75 
3.80 
3.& 
3.6^ 
8.60 
(«) 


I 


e7.90 
9.40 
&7D 


"  River  frozen  at  pier.    Prom  January  1  to  28  *i 

frozen  across.  « 

ft  Ice  jam  at  pier  February  26  to  March  7.  / 
clce  jam  three-fourths  mile  below  bridge  is  cause  of  rise. 


Ice  jam  cause  of 
River  open. 
Upper  Delaware 


rise. 

Ice  caose  of 
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LEHIGH   RIVER  NEAR  SOUTH    BETHLEHEM,  PA. 

This  station,  which  was  established  September  22,  1902,  by  Prof. 
Mansfield  Merriman,  of  Lehifjh  University,  is  located  at  New  Street 
Bridge,  between  Bethlehem  and  South  Bethlehem,  Pa.  The  standard 
chain  gage  is  attached  to  the  hand  rail  near  the  right  bank  on  the 
lower  side  of  the  bridge.  The  length  of  chain  from  the  end  of  the 
weight  to  the  marker  is  43.77  feet.  The  datum  of  the  gage  is  referred 
to  bench  mark  No.  72  of  the  Lehigh  Valley  Railroad,  which  is  an  iron 
pin  set  in  the  south  pier  of  New  Street  Bridge;  elevation,  22.32  feet. 
This  bench  mark  is  232.87  feet  above  sea  level.  Discharge  measure- 
ments are  made  from  the  bridge  to  which  the  gage  is  attached.  This 
bridge  has  nine  spans,  but  the  river  is  confined  to  three,  except  at  high 
stages.  The  right  bank  is  high  and  will  not  overflow,  but  on  the  left 
bank  the  river  overflows  at  high  stages  and  joins  Monocacy  Creek, 
which  is  tributary  to  Lehigh  River  a  few  rodtj  below  the  station.  The 
initial  point  for  soundings  is  the  face  of  the  pier  on  the  right  bank. 
The  channel  is  straight  for  several  hundred  feet  above  and  below  the 
station.  The  bed  is  composed  of  sand  and  gravel,  which  is  free  from 
vegetation  and  is  permanent.  The  velocity  is  fair.  The  gage  is  read 
once  daily  by  Harry  E.  Edmonds. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Lehigh  Riirr  near  SoiUh  Bethtehein^  Pa.,  in  1904. 


Date. 


July  21 

November?. 


Hydrographer. 


R.  J.  Taylor... 
H.  D.  Comstock 


width. 


I   Area  of 
i  heclion. 


Feet. 


29:i 


,    Sif./eet. 

I  760 

923 


Mean 
velocity. 


Fl.  per  sec. 
1.10 
1.38 


102 


STREAM   MEASUREMENTS   IN    1904,  PART   II. 


[NO.  125. 


Mean  daily  gage  Jieight,  in  feel,  of  Lehigh  River  near  South  Bethlehem^  Pa.,  for  1904, 


Day 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


2. 
2. 
2. 
2. 
2. 

2. 

o 

A.* 

2. 
2. 
2. 
2. 

2. 
2. 
2. 
2. 
2, 

2. 
2. 
2. 
2. 
2. 
2. 
6. 
5. 
4. 
3. 
3. 
3. 
3. 
3. 
3. 


80 
80 
50 
90 
70 
70 
70 
80 
70 

m 

60 
70 
80 
80 
70 
GO 
50 
40 
40 
70 
40 
80 
40 
40 
16 
80 
70 
30 
30 
20 
10 


8.00 

2.80 

2.80 

2.70 

2.80 

2.90 

2.90 

4.10 

3.90 

3.50 

3.10 

3.00 

2.90 

2.80 

2.80 

2.80 

2.70  i 

2.70  i 

2.60 

2.60 

2.60 

6.58 

4.65 

4.80 

4.10 

3.30 

3.26 

3.10 

8.80 


Mar. 

8.30 
8.40 
4.00 
4.62 
3.60 
8.50 
10.2H 
9.15 
6.60 
6.80 
5.30 
4.60 
4.30 
4.10 
4.00 
3.90 
3.70 
3.70 
3.  GO 
4.30 
4.30 
4.20 
4.30 
4.40 
4.70 
5.30 
5.10 
4.90 
4.30 
4.10 
4.10 


Apr.     May. 


6.60 

6.75 

5.70 

4.70 

4.50 

4.30 

4.30 

4.30 

4.40  1 

4.30 

4.00 

3.90 

8.80 

3.70 

3.50 

3.40 

3.30 

3.20 

3.10 

3.10 

8.10 

8.10 

3.00 

3.00 

2.90 

2.90 

3.00 

3.20 

3.20 

3.10 


8.00 
8.00 
2.90 
2.80 
2.80 
2.70 
2.t)0 
2.60 
2.60 
2.60 
2.70 
2.60 
2.40 
2.40 

3.00 
2.80 
2.70 
2.70 
2.70 
2.  CO 
2.  GO 
2.50 
2.50 
2.50 
2.60 
2.70 
2.60 
2.40 
2.40 
2.80 


2.80 
2.80 
3.00 
2.70 
8.20 
3.20 
3.10 
8.00 
3.10 
3.90 


I 


3.10 
3.00 
2.90 
2.70 
2.60 
2.50 
2.60 
2.50 
2.60 
2.40 
2.40 
2.40 
2.30 
2.20 
2.35 
2.60 


2.60 
2.  .50 
2.40 
2.30 
2.20 
2.10 
2.60 
3.95 
3.10 
3.10 
2.90 
2.70 
2.70 
2.55 
2.30 
2.25 
2.20 
2.40 
2.70 
2.60 
2.20 
2.20 
2.10 
2.30 
2.40 
2.60 
3.60 
8.20 
3.00 
2.80 
2.60 


2.50 
2.40 
2.60 
2.70 
2.60 
2.50 
2.30 
2.40 
2.40 
2.40 
8.00 
2.60 
2.40 
2.40 
2.60 
2.40 
2.30 
2.30 
2.20 
2.40 
3.16 
2.90 
3.00 
2.80 
2.60 
2.60 
2.40 
2.30 
2.30 
2.30 
2.20 


2.20 
2.20 
2.80 
2.10 
2.20 
2.10 
2.20 
2.10 
2.10 


Oct,        Nov.       !)€€. 


2.40 
2.90 
2.30 
2.30 
2.30 
2.80 
2.90 
2.30 
2.30 


2.40 

2.80 

2.20 

2.30 

2.10 

2.60 

2.10 

2.70 

2.35 

2,70 

3.50 

2.70 

3.70 

2.60 

3.20 

2.60 

2.80 

2.50 

2.80 

2.40 

2.70 

2.40 

2.60 

2.50 

2.60 

6.30 

2..M) 

4.70 

2.50 

4.10 

2.80 

3.80 

2.80 

3.60 

2.30 

3.40 

2.30 

3.20 

2.90 

3.10  , 

2.50 

3.00 

2.90 

i 

2.80 
2.» 
2.80 
2-70 
2.70 
2,70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
3.20 
3.20 
3.10 
2.90 
2.80 
2.80 
2.70 
3.20 
3.10 
8.10 
3.00 
2.90 
2.h0 
2.80 
2.80 
280 
2.80 


2.» 

2-n^ 

2.60 
2-50 

2. 'O 
2.60 
2. 60 
2.60 
2.50 
2-56 

2  .M? 

2..Tt' 

2.  ♦: 
2.  .'<* 
2..V 
2-*.' 
2.*i.' 
2.:^' 
2.'*' 

2,  -T*.' 

2.3U 
2. 1" 
2.«0 

2.  f*i 
2  X) 
2  70 

3.  VI 

4.  W 

a.flo 
3  m 


MU8CONETCONG   RIVER   NEAR   BLOOMSBURY,  N.  J. 

This  station  was  established  July  4,  1903,  by  E.  P.  Roundey.  It  is 
located  at  the  first  highway  bridge  over  Musconetcong  River  above 
the  village  of  Blooni'-bury,  N.  J.  The  1903  gage  w^as  a  vertical  \\ 
by  6-inch  cypress  board  spiked  to  the  right  abutment  near  the  down- 
stream end.  It  read  from  0  to  10  feet,  and  was  graduated  with  ^1 
vanized-iron  staples.  A  standard  chain  gage  was  installed  at  thi.^ 
station  on  April  12,  1904,  by  F.  H.  Tillinghast  to  the  same  datum 
as  the  staff  gage;  length  of  chain,  12.46  feet.  The  bench  mark  is  a 
square  chiseled  on  the  top  of  the  right  abutment  at  its  downstream 
end.  Its  elevation  is  9.63  feet  above  the  gage  datum.  Discharge 
measurements  are  made  from  the  downstream  side  of  the  two-span 
highway  bridge  to  which  the  gage  is  attached.  The  initial  point  for 
soundings  is  the  end  of  the  hand  rail  on  the  right  bank.  The  channel 
is  straight  for  200  feet  above  and  100  feet  below  the  station.  The 
current  is  swift,  and  both  banks  are  low  and  liable  to  overflow.     The 
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bed  of  the  stream  is  composed  of  gravel.  The  channel  is  broken  by 
the  central  pier  of  the  two-span  bridge,  and  at  high  stages  part  of  the 
water  flows  around  the  bridge.  Grage  readings  ar^  taken  twice  each 
day  by  Michael  Kieffer. 

The  observations  at  this  station  during  19(>4  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Diwharge  measurements  of  Musconetccng  River  near  Bloomshury^  N.  /.,  in  1904* 


Date. 


Hydrographer. 


Width. 


Area  of 
flection. 


Mean      i     Gage 
velocity.  I    height. 


Dl8- 

chaige. 


June  7 

Julv23.... 

November  8 


J.  C.  Hoyt 

R.  J.  Taylor . . . 

J.  C.  Hoyt 

H.  D.  Comstock 


Feet. 


64 
64 
64 
60 


118 
119 
100 
108 


^ertec. 

Feci. 

1.56 

1.48 

.80 

1.14 

1.07 

1.22 

1.35 

1.29 

See.'feeL 

184 

95 

106 

147 


Mean  daily  gage  height^  in  feeif  of  Musconetcang  River  near  Bloomsbury,  N,  J. ,  for  1904* 


1. 

2. 
3. 
4. 

5, 

C. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28- 
29. 
30. 
31. 


Day. 


Jan.  '  Feb. 


Mar. 


Apr. 


May.  I  June. 


-  — 

—  - 

— 



1.75 

UT2 

1.78 

1.G8 

1.60 

1.80 

«2.18 

1.72 

2.55 

2.42 

1.70 

1.98 

2.20 

1.68 

1.82 

(«») 

2.08 

1.60 

1.75 

1.92 

1.86 

4.75 

1.68 

1.96 
1.66 
1.66 

1.68 

1.62 

{^) 

(«>) 

1.60 

1.62 
1.65 

1.62 

1.98 

1.62 

1.52 

1.76 

1.82 

1.60 

1.6:^ 

1.65 

1.52 

(«») 

1.53 

1.58 

1.85 

1.55 

1.65 

2.62 

1.55 

1.60 

1.85 

1.58 

1.40 

1.40 

1.75 

1.38 

1.45 

{P) 

1.38 

1.50 

1.40 

1.36 

2.36 

e5.58 

1.31 

4.66 

2.45 

1.28 

2.70 

2.55 

1.28 

2.30 

1.98 

C*) 

1.33 

2.05 

1.80 

1.31 

1.96 

1.72 

1.61 

1.88 

1.96 

1.68 

1.82 

1.78 

1.61 

1.78 

C) 

1.58 

l.?i 

1.55 

1.61 

1.41 

1.38 

1.33 

1.41 

1.28 

1.43 

1.35 

1.83 

1.33 

1.31 

1.31 

1.28 

1.43 

1.41 

1.38 

1.33 

1.35 

1.43 

1.31 

1.33 

1.28 

1.25 

1.21 

1.28 

1.23 

1.21 

1.18 

1.13 


1.31 
1.25 
1.28 
1.28 
1.28 
1.35 
1.38 
1.31 
1.33 
1.33 
1.28 
1.26 
1.18 
1.18 
1.13 
1.13 
1.13 
1.08 
1.06 
1.11 
1.05 
1.C5 

.93 
1.06 
1.11 

.93 
1.13 
l.a5 
1.18 
1.18 


' 


l.:i5 
1.33 
1.21 
1.18 
1.15 
1.05 
1.08 

.98 
1.11 

.98 
1.11 
1.05 
1.01 
1.05 
1.02 
1.12 
1.12 
1.10 
1.10 
l.a5 
1.12 
1.06 


Aug. 

1.18 
1.08 
1.08 
1.05 
1.90 
1.12 
1.05 
1.10 
1.02 
1.06 
1.36 
1.18 
1.12 
1.18 
1.12 
1.08 
1.08 
1.05 
.98 
1.20 
1.28 
1.20 
1.26 
1.20 
1.12 
1.05 
1.06 
1.08 
1.08 
1.02 
1.00 


Sept. 

Oct. 

l.tti 

1.10 

.96 

1.08 

.95 

1.15 

1.00 

1.10 

1.02 

1.12 

1.00 

1.12 

1.00 

1.15 

.96 

1.18 

1.00 

1.16 

.90 

1.12 

.98 

1.08 

1.10 

1.82 

.90 

1.22 

4.06 

1.15 

3.35 

1.12 

2.22 

1.15 

1.85 

1.12 

1.55 

1.08 

1.50 

1.08 

1.32 

1.12 

1.32 

2.35 

1.25 

2.55 

1.20 

2.20 

1.18 

1.90 

1.18 
1.20 
1.15 
1.18 
1.12 
1.18 


1.60 
1.62 
1.42 
1.40 
1.35 
1.35 
1.30 


Nov. 

1.30 

1.26 

1.26 

1.80 

1.28 

1.28 

1.28 

1.22 

1.22 

1.15 

1.22 

1.22 

1.28 

1.55 

1.32 

1.45 

1.40 

1.40 

1.3f 

1.32 

1.40 

1.45 

1.40 

1.40 

1.35 

1.40 

1.32 

1.30 

1.28 

1.40 


Dec. 


1.48 
1.25 
1.42 
1.48 
1.25 
1.22 
1.26 
1.28 
1.20 
1.20 
1.15 
1.28 
1.26 
1.25 
1.25 
1.22 
1.22 
1.18 
1.26 
1.22 
1.22 
1.20 
1.20 
1.22 
1.20 
1.22 
1.42 
1.80 
1.58 
1.52 
1.46 


a  Ice  gorging  below. 


h  Gage  rod  waDhe<l  out. 


o  Rain  and  melting  snow  eauues  rise. 


104 


STREAM   MEA8UBEMENT8    IN   1904,  PART   II. 


[KO.  125. 


*  TOHICKON  CREEK  AT  POINT  PLEASANT,  PA. 

Tohickon  Creek  drains  an  area  of  102  square  miles  in  Bucks  County, 
north  of  Philadelphia.  It  flows  in  an  easterly  course,  entering  Dela- 
ware Kiver  about  8  miles  above  Lambertville,  N.  J.  In  a  statement 
by  Rudolph  Hering,  printed  in  the  report  of  the  Philadelphia  water 
department  for  1885,  page  350,  is  given  a  classification  of  the  drain- 
age area  of  Tohickon  Creek,  from  which  it  appears  that  76  square 
miles  is  cultivated  and  improved  and  26  square  miles  untillable  and 
wooded.  Measurements  of  the  discharge  of  the  creek  are  made  near 
its  mouth  at  Point  Pleasant.  Rain  gages  are  located  within  the  drain- 
age basin  at  Quakertown,  also  at  a  point  about  3  miles  north  of 
Bedminster,  and  near  Point  Pleasant. 

Tables  of  daily  discharge  in  second-feet,  for  the  years  1883  to  1899, 
inclusive,  are  published  in  Water-Supply  Paper  No.  47,  page  81. 
Daily  records  of  gage  height  were  not  kept  during  1900.  The  follow- 
ing figures  of  discharge  for  1904  were  furnished  by  Mr.  John  E.  Cod- 
man,  hydrographer  of  the  Water  Department  of  Philadelphia. 

'Mean  daily  discharge^  in  aecond-feet,  of  Tohickon  Creek  at  Point  Pleasant^  Pa.,  far  1904- 


Day. 


1. 
2. 
S. 
4. 
5. 
6. 


I  ■ 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
10. 
17. 
18. 
19- 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

■  1 

June. 

1 

July. 

Au«. 

Sept. 

Oct.  ; 

Nov.  1 

1 

De«-. 

128 

Ill 

247 

1,494 

68 

858 

26 

27 

* 
17 

46  1 

33  1 

» 

162 

107 

357 

1,215 

61 

255 

29 

76 

15 

88 

27 

32 

162 

108 

490 

304 

49 

297 

23 

110 

15 

31 

26 

:a 

169 

110 

458 

166 

35 

238 

12 

75 

10 

:&5 

31 

31 

177 

111 

183 

111 

31 

600 

U 

45 

9 

27 

27, 

31 

169 

99 

81 

85 

31 

482 

12 

87; 

12 

21 

23 

31 

154 

453 

1,616 

104 

27 

1,119 

12 

38  ' 

10 

18 

23 

31 

154 

685 

1,736 

133 

21 

422 

151 

19 

10 

16 

231 

31 

l&l 

190 

447 

270 

21 

157 

71 

18 

12 

14 

26 

Ti 

154 

89 

203 

807 

23 

94 

81 

384 

11 

15 

28 

2S 

142 

65 

111 

173 

20 

67 

79 

1.415 

7 

17 

3D 

23 

131 

58 

74 

169 

23 

56 

157 

898 

4 

217 

36< 

23 

295 

56 

37 

89 

23 

44 

265 

106 

10 

199 

63 

20 

782 

51 

58 

68 

15 

83 

74 

1,331 

1,459 

106 

417 

IT 

1,104 

49 

55 

59 

22 

23 

40 

593 

4,896 

61 

440 

17 

1,144 

49 

112 

49 

35 

24 

?8 

138 

868 

45 

487 

ao 

798 

49 

153 

44 

34 

23 

23 

72 

404 

39 

460 

23 

451 

49 

344 

42 

27 

18 

19 

42 

99 

85 

236 

23 

241 

36 

595 

39 

26 

13 

20 

31 

68 

29 

148 

83 

158 

23 

740 

39 

22 

15 

26 

517 

41 

S3 

148 

VJ5 

131 

23 

318 

85 

16 

15 

33 

749 

82 

2,004 

154 

f» 

489 

2,090 

343 

31 

14 

19 

31 

286 

31 

1,085 

126 

31 

3,133 

632 

425 

27 

17 

47 

26 

184 

81 

261 

90 

31 

1,098 

272 

301 

23 

15 

37 

20 

119 

81 

124 

76 

51 

232 

218 

127 

22 

10 

21 

18 

50 

25 

78 

67 

71 

,   175 

128 

341 

30 

10 

1    15 

39 

43 

19 

60 

58 

71 

155 

76 

322 

66 

9 

1    13 

31 

84 

21 

58 

45 

2» 

1   144 

:» 

151 

112 

8 

13 

27 

26 

28 

41 

44 

6» 

132 

173 

104 

109 

7 

16 

77 

27 

18 

86 

49 

431 

120 

82 

79 

18 

25 

44 

25 

49 

38 

44 

154 

116 

1 

334 

715 

1 

30 

20 

36 

, 

113 
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Ettimaled  monthly  discharge  of  Tohiekon  Creek  at  JPoint  PUaaanty  Pa.^  for  1904. 

[Dr»ina^e  area,  102.2  square  mileft.] 


Month. 


January  . . . 
February . . 

March 

April 

May 

June  -, 

July 

August 

September. 
October  ... 
November 
I>€»cembeT 


The  year. 


Discharge  In  second-feet. 


Maximum.     Minimum. 


3,133 
2,090 
1,736 
1,404 

715 
1,119 

265 
1,415 
4,395 
2,004 

487 

556 


4,395 


116 
23 
55 
22 

7 

13 
11 
18 

4 
14 
23 
17 


Mean. 


412 
214 
354 
183 

46.9 
152 

49.6 
229 
258 
155 
116 

80.5 


188 


Run-off. 


Second-feet 

per  square 

mile. 


4.03 
2.09 
3.46 
1.79 

.459 
1.49 

.485 
2.24 
2.52 
1.52 
1.14 

.788 


1.83 


Depth  in 
InchcH. 


4.a5 
2.25 
3.99 
2.00 

.529 
1.66 

.559 
2.58 

• 

2.81 
1.75 
1.27 
.908 

24.96 


NESHAMINY   CREEK  AT  FORKS,  PENNSYLVANIA, 
i 

The  drainage  basin  of  Neshaminy  Creek  is  immediately  south  of 
that  of  Tohiekon  Creek  and  of  a  portion  of  that  of  Perkiomen  Creek. 
The  stream  flows  in  a  general  southeasterly  and  southerly  course, 
entering  Delaware  River  at  a  point  about  12  miles  above  Philadelphia. 
The  point  of  measurement  is  at  the  forks  of  Big  and  Little  Nesharoiny 
creeks.  The  drainage  area  at  this  point  is  139  square  miles,  of  which 
128  are  cultivated  and  improved  and  11  miles  untillable  and  wooded. 
The  daily  discharges  from  1884  to  1900  are  given  in  Water-Supply 
Paper  No.  47,  pages  90  to  98.  The  table  of  daily  discharge  for  1904 
wa8  furnished  by  Mr.  John  E.  Codman. 
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Mean  daily  discharge,  in  second-feet ,  of  Neshaminy  Creek  atforks,  Pennsylvania,  far  ]i^t4. 


Day. 

Jan. 

119 
92 

88 
88 
88 
88 
88 

Feb. 

144 
136 
125 
125 
125 
518 
2,274 

Mar. 

Apr. 

1,549 
632 
288 
195 
161 
148 
179 

May. 

June. 

153 
124 
113 
84 
834 
414 
2,502 

July. 

Aug. 

Sept. 

53 
50 
52 
47 
41 
88 
34 

Oct 

47 
42 
38 
37 
35 
39 
33 

Nov. 

93 
85 
81 
78 
75 
09 
68 

1 

1 

768 
463 
369 
821 
243 
80 
3,137 

83 
72 
63 
61 
47 
48 
40 

26 
24 
21 
18 
17 
22 
118 

56 

79 
66 
44 
34 
396 
91 

:•< 

2 

M 

3 

•=►1 

4 

ivj 

ft 

• 

6 

.'»4 

7 

M 

8 

88 

864 

1,687 

194 

88 

860 

1,314 

46 

29 

27 

71 

4> 

9 

92 

125 

277 

513 

88 

189 

149 

86 

28 

29 

72 

4^ 

10 

105 

125 

135 

664 

39 

147 

17 

1,143 

31 

30 

75 

4S 

11 

106 

125 

103 

235 

38 

135 

130 

1,646 

31 

38 

169 

4p 

12 

105 

115 

91 

188 

36 

107 

80 

266 

31 

2.577 

125 

4.1 

18 

344 

89 

73 

164 

34 

80 

82 

243 

31 

361 

408 

41 

14 

1,060 

72 

71 

137 

38 

72 

73 

1,012 

132 

167 

1.568 

41 

15 

955 

72 

75 

118 

40 

68 

43 

268 

3,911 

120 

540 

41 

16...-. 

532 

63 

194 

104 

42 

57 

39 

136 

328 

101 

492 

41 

17 

189 
IM 
125 
105 
105 
1,592 

54 
54 
54 
63 
118 
4,007 

232 
755 
995 
383 
205 
385 

98 
86 
85 
80 
76 
71 

37 
36 
88 
83 
88 
29 

48 
45 
42 
39 
41 
94 

37 
32 
31 
80 
29 
27 

102 

87 

72 

1,596 

482 

224 

176 

135 

113 

94 

84 

76 

92 

85 

77 

72 

3,560 

502 

'      419 
238 
201 
188 
176 
152 

41 

18 

'          41 

19 

41 

20 

41 

21 

41 

22 

:v 

23 

4,696 
1,336 
380 
470 
450 
314 

304 
182 
184 

ia> 

89 
287 

473 
253 
208 
829 
328 
181 

67 

•    61 

63 

72 

108 

131 

31 

28 
19 
20 
18 
16 

80 
33 
30 
26 
21 
22 

23 
20 
22 
285 
208 
48 

233 

162 

120 

97 

86 

79 

68 
69 
64 
65 
56 
61 

262 
198 
174 
156 
136 
116 

138 
125 
111 

la*) 

83 
59 

31 



24 

n 

25 

vj 

26 

V', 

27 

•1K> 

28 

l.l*SU 

29 

213 
189 
154 

613 

143 
125 
380 

117 

98 



15 

19 

246 

27 

28 

48 
37 
80 

73 
64 

58 

46 

47 

105 

101 

97 

.V5 

30 

200 

81 

l.\3 

Estimated  monthly  discharge  of  Neshaminy  Creek  at  forks,  Pennsylvania^  far  1904. 

[Drainage  area,  189  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


January 

February 

March 

April 

May , 

June 

July 

Au{?U8t 

September 

October 

November 

December 

The  year 


Maximum. 

Minimum. 

4,696 

88 

4,007 

54 

3,137 

71 

1,549 

61 

246 

15 

2,502 

21 

1,314 

17 

1,596 

34 

3,911 

28 

3,560 

27 

1,558 

54 

1,090 

31 

4,696 

15 

Mean. 


468 
383 
433 
219 

43.5 
184 

97.6 
290 
199 
305 
205 
114 


245 


Second-feet 

per  muare 

mile. 

3.37 

Depth  in 
incbeii. 

3.88 

2.76 

2.98 

3.12 

3.60 

1.58 

1.76 

.320 

.369 

1.32 

1.47 

.702 

.809 

2.09 

2.41 

1.43 

1.60 

2.19 

2.52 

1.47 

1.61 

.820 

.M5 

1.76 

2:^.98 

"^fi^HOi"?^"']    DELAWARE   RIVER    DRAINAGE   BASIN. 
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SCHUYLKILL  RIVER   NEAR  PHIIJIDELPHIA. 

This  river  receives  the  drainage  of  the  portion  of  southeastern 
Pennsylvania  lying  between  Lehigh  River  on  the  north  and  Susque- 
hanna River  on  the  south.  It  flows  in  a  general  southeasterly  course, 
emptying  into  Delaware  River,  the  city  of  Philadelphia  being  located 
at  the  junction  of  these  streams.  Records  of  the  height  of  the  river 
at  Fairmount  pool  have  been  kept  for  many  years^  but  not  in  such 
form  as  to  be  useful  in  computing  daily  discharges.  In  1898,  how- 
ever, careful  estimates  were  prepared  by  Mr.  John  E.  Codman,  in 
charge  of  hydrographic  work,  Bureau  of  Water,  city  of  Philadelphia, 
the  results  being  given  in  the  Twentieth  Annual  Report,  Part  IV, 
imge  97. 

The  figures  for  daily  discharge  in  the  following  table  represent  the 
total  flow  of  the  stream,  computed  from  the  amount  wasted  over  the 
flashboards  at  Fairmount  dam,  the  pumpage  from  the  river,  the  leak- 
age, and  also  the  quantity  used  for  power  at  Fairmount. 

The  following  figures  for  1904  were  furnished  by  Mr.  John  E. 
Codman: 

Afean  daily  discharge^  in  second-feety  of  Schuylkill  Riv^rnear  Philadelphia,  Pa.,  for  1904- 


Day.  Jan. 


1 1.308 

2 1,808 

3 1,308 

4 '  1,303 

5 1,308 

6 1  1,303 

7 1,803 

« '  1,308 

9 

10 


1,303 
1,908 

II 1,303 

12 1  1,303 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Feb. 

1,445 
1,445 
1,445 
1,445 
1,445 
1,445 
2,489 
6,187 
3,187 
2,024 
1,445 
1,445 


1.426 

1,445 

2,910 

1,445 

3,215 

1,445 

2,064     1,445 

1,808 

1.445 

1,803 

1,445 

1,303 

1,445 

1,303 

1,445 

1,303 

1,445 

3.988 

22,810 

27,210 

21,420 

14,060 

6,537 

7,008 

5,058 

3,753 

4,591 

5,369 

2,558 

1,946 

2,654 

1.433 

4,474 

1.308 

1,303 

Mar. 

9,045 
8,934 
6,429 
8,850 
5,129 
3,092 
11,860 
36,180 
14,320 
7,589 
5,289 
3,994 
4,064 
2,756 
2,498 
2,426 
2,483 
3,675 
6,135 
5,925 
4,766 
4,475 
4,650 
3,963 
3,897 
3,685 
3,945 
3.685 
3,061 
2,691 
3,112 


6,469 
12,470 
8.434 
5,634 
6,572 
.3,891 
3,120 
3,120 
3,484 
4.008 
3,391 
2,887 
2,453 
2,084 
2,034 
1.866 
1,774 
1,774 
1,774 
1,774 
1,774 
1.774 
1,774 
1,774 
1,774 
1,774 
1.774 
1,774 
2,084 
1.866 


292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
432 
292 
292 
997 


7,092 
4,294 
5,048 
4,458 
2,991 
4.138 
12,850 
4,136 
3,270 
3,002 
3,630 
2. 743 
1.818 
1,780 
1,729 
1,729 
1,729 
1,729 
1,729 
l,T29 
1,729 
1,729 
1,729 
1.T29 
1.729 
1,601 
1,325 
1,325 
1,325 
1,325 


July. 


771 
771 
771 
771 
771 
771 
771 
871 
803 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
771 
803 
771 
771 
771 


Aug. 


1,595 
1,605 
1,596 
1,607 
1,595 
1.695 
1,595 
1,596 
1,595 
1,595 
5,839 
3.500 
1,595 
2,668 
3,187 
1,673 
1,596 
1,595 
1,596 
3,854 
3,981 

s,(m 

3,679 
3,506 
1,758 
1,595 
1,595 
1.P95 
1,595 
1,595 
1,595 


994 
994 
994 

994 
994 
994 
994 
994 
yw 
994 
994 
994 

5,466 
29,490 

4,044 
994 
994 

994 
994 
994 
9v4 

994 
994 

994 
994 
994 


Oct. 


Nov. 


Dec. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
11 
10 
4 
2 
1 
1 
1 
1 
1 
1 
1 


,360 
,360 
,360 
,360 
,360 
,360 
,360 
,360 
,360 
,360 
,360 
,002 
.873 
,483 
,360 
,360 
.360 
,360 
.360 
,360 
.350 
,780 
,927 
,909 
,961 
,419 
,360 
,360 
,360 
,360 
,360 


1,495 

1.258 

1,495 

1,268 

1,495 

1.258 

1,496 

1,258 

1,495 

1,258 

1,495 

1,2^8 

1,495 

1.258 

1,495 

1.258 

1,495 

1,268 

1,495 

1,258 

1,496 

1,258 

1,495 

1,258 

1,635 

1,258 

5,173 

1.268 

6,264 

1,258 

3,678 

1,258 

2,930 

1,258 

i,a57 

1,258 

2,454 

1,258 

2.375 

i.a'vs 

2,375 

1,258 

2,211 

1.268 

1,822 

1,268 

1,671 

1,258 

1,642 

1,258 

1,495 

1,258 

1.495 

1.268 

1.495 

3,631 

1,496 

4,200 

1,495 

3.063 

3.045 

Note. — The  above  is  the  total  flow  of  the  rivi>r  iii  8econd-feet. 
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[NO.  125. 


Ettimated  monthly  dMiorge  of  Schuylkill  River  near  PhUaddphia,  Pa.,  for  1904, 

[DraiDAge  area,  1,916  square  miles.] 


Month. 


January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 

27,210 
22,810 
36,180 
12,470 

5,997  ' 
12,850 
871 

5,339 
29,490 
11,350 

5,264 

4,200 

36,180 


Minimum. 


1,303 
1,445 
2,426 
1,774 
1,292 
1,325 

771 
1,595 

994 
1,360 
1,495 
1,258 


771 


Mean. 


3,196 
3,742 
6,187 
3,218 
1,448 
2,901 
776 
2,176 
2,194 
2,278 
2,013 
1,542 


2,639 


Run-off. 


Seoond-feet 

persQuare 

mile. 


1.67 
1.95 
3.23 
1.68 

.766 
1.51 

.405 
1.14 
1.15 
1.19 
1.05 

.805 


1.38 


Depth  in 

il  C  IC8. 


1.92 
2.10 
3.72 
1.87 

.872 
1.68 

.467 
1.31 
1.28 
1.37 
1.17 

.928 


18.69 


NoTK.— The  above  is  the  total  flow  of  the  river. 

PERKIOMEN   CREEK   AT  FREDERICK,  PA. 

PerkioDien  Creek  drains  an  area  lying  northwest  of  the  city  of  Phil- 
adelphia. It  flows  in  a  southerly  direction,  emptying  into  Schuylkill 
River  about  7  miles  above  Norristown  and  about  18  miles  above  Phil- 
adelphia. The  point  of  measurement  of  discharge  is  located  at  Fred- 
erick about  12  miles  above  the  mouth,  and  is  also  above  two  large 
tributaries  known  as  West  Swamp  Creek  and  Northeast  Branch  of 
Perkiomen.  Both  of  these  tributaries  have  been  measured — the  first 
at  Zieglerville  and  the  second  near  Scbwenkville.  The  drainage  area 
of  the  Perkiomen  above  the  point  of  measurement  is  given  by  Rudolph 
Hering  as  152  square  miles,  of  which  111  are  cultivated  and  improved 
and  41  un tillable  and  wooded.  Measurements  of  this  creek  were  begun 
on  August  20,  1884.  Water-Supply  Paper  No.  35  contains  tablets  of 
the  daily  discharge  for  the  entire  period  from  1884  to  1899,  inchisive. 
The  records  of  daily  discharge  for  1904,  as  furnished  by  Mr.  John  E. 
Codman,  are  given  in  the  following  table: 


""S^^HOYTr"']    DELAWABE   RIVER  DRAINAGE   BASIN. 
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Mean  daily  discharge,  in  necond-feelt  of  Perkiomen  Creek  at  Frederick,  Pa.,  for  1904- 


Day. 

Jan. 

Feb. 

121 
154 
119 

Mar. 

670 
613 
694 

Apr. 

1,763 
921 
865 

May. 

188 

107 

93 

June. 

805 
896 
594 

July. 

208 
91 
67 

Aug. 

44 

58 
106 

Sept. 

Oct. 

Nov. 

a/6C* 

1 

54 
97 

87 

58 

46 
46 

82 
56 
60 

80 
74 
68 

97 

2 

92 

S 

86 

4 

138 

124 

818 

252 

74 

288 

45 

96 

46 

65 

62 

69 

5 

181 

106 

211 

214 

64 

503 

88 

60 

46 

57 

55 

78 

6 

124 

88 

174 

201 

62 

881 

89 

269 

60 

61 

51 

95 

7 

126 

283 

8,581 

212 

55 

2,583 

164 

126 

55 

63 

59 

88 

8 

128 
126 

1,351 
243 

2,689 
891 

228 
279 

58 

55 

406 
231 

833 

157 

63 
46 

86 
34 

52 

46 

67 
64 

88 

9 

86 

10 

121 

167 

216 

294 

69 

183 

157 

490 

83 

46 

59 

78 

11 

114 

114 

178 

281 

70 

158 

167 

1,876 

34 

54 

75 

76 

12 

106 
106 

108 
108 

152 
182 

198 
167 

60 
52 

131 
100 

104 
76 

258 
180 

47 
52 

159 

256 

84 
147 

75 

13 

76 

14 

765 

61 

128 

138 

58 

88 

72 

1,885 

1.594 

106 

634 

66 

637 

71 

128 

118 

75 

84 

63 

867 

5,460 

76 

462 

72 

16 

840 

118 

171 

99 

128 

61 

49 

172 

457 

63 

451 

100 

233 

67 

211 

98 

94 

60 

45 

121 

224 

59 

460 

98 

18 

226 

57 

299 

97 

67 

64 

44 

94 

148 

62 

806 

82 

19 

226 

55 

1.095 

92 

54 

52 

60 

70 

126 

61 

238 

95 

20 

148 

69 

892 

79 

65 

55 

75 

570 

100 

58 

261 

102 

21 

139 

79 

849 

65 

69 

153 

84 

768 

76 

3,821 

290 

92 

22 

1,087 

3,815 

337 

61 

64 

884 

61 

250 

71 

820 

238 

92 

23 

4,465 

563 

447 

59 

65 

112 

45 

384 

67 

293 

194 

92 

24 

671 

497 

820 

60 

56 

66 

42 

167 

64 

202 

176 

150 

26 

247 

859 

266 

61 

45 

45 

42 

120 

58 

163 

156 

214 

26 

205 

189 

353 

68 

35 

43 

53 

92 

69 

142 

128 

199 

224 

106 

860 

130 

87 

41 

128 

64 

75 

124 

102 

312 

28 

164 
116 
118 
124 

129 
376 

228 
180 
180 
289 

186 
188 
168 

87 

36 

52 

1,117 

40 
66 
88 

99 
66 
62 
54 

60 
60 

58 
58 

70 
70 
83 

108 
87 
80 

84 

1 

108 
118 
101 

1,006 

659 

30 

320 

214 
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Estimated  monthly  discharge  of  Perkiomtn  Creek  at  Frederick,  Pa. ,  for  1904. 

[Drainage  area,  152  square  miles.] 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  vear 


Discharge  in  second-feet. 


Run-off. 


Maximum. 


Minimum.  ■       Mean. 


Second-feet 
per  square 
mile. 


Depth  iB 
inche?- 


INDEX. 


Batavia  Kill  near— 

Prattsvllle,  N.  Y.:  Piqfe. 

dencription 50 

Bl(K>m8bary,  N.  J. 

Mosconetcong  River  near: 

description 102- lOS 

disehaiye lOS 

gage  heighta ](» 

Boon  ton,  N.  J. 

Rockaway  River  near: 

description 84 

diNctiarge 84 

gage  heights 84 

Boundbrook,  N.  J. 
Rarltan  River  at: 

description 90 

discharge 90 

gage  heights 91 

Bu-skirk,  N.  Y. 

Hoosic  River  at: 

description 24-25 

discharge 25 

gage  heights 26 

('atski)l  Creek  at— 
South  Cairo,  N.  Y.: 

dettcription 60 

discharge 60 

dischaige,  mean  daily 62 

discharge,  monthly 63 

gage  heights 61 

rating  table 62 

Champlain  Canal  feeder  at — 
Glens  Falls,  N.  Y.: 

discharge 78 

Chatham,  N.  J. 

Passaic  River  near: 

description 76 

discharge 76 

gage  heights 77 

Croton  River  at— 

Old  Croton  dam.  New  York: 

description 71-72 

discharge,  monthly 72 

Deerfield.tv*.  Y. 

Deerfleld  reservoir  near: 

rainfall 41 

Johnston  Brook  near- 
description  41-42 

discharge,  mean  daily 48 

discharge,  monthly 44 

Reels  Creek  near: 

description 41-42 

discharge  mean  daily 42 

(discharge,  monthly 48 


Deerfleld  reservoir  near— 

Deerfleld,  N.  Y.:  Page. 

rainfall 44 

Delaware  River  at— 
LambertYille,  N.  J.: 

description 99-100 

discharge 100 

gage  heights 100 

Delaware  River  (East  Branch)  at— 
Hancock,  N.  Y.: 

de!4cripUon 98 

discharge 98 

gage  heights 99 

Delaware  River  (West  Branch)  at— 
Hancock,  N.  Y.: 

description 96 

discharge 96 

gage  h  eigh  ts 97 

Delaware  River  drainage  basin: 

description 94-95 

Dolgeville.  N.  Y. 

East  Canada  Creek  at: 

description 50-51 

discharge,  mean  daily 51-52 

discharge,  monthly 53 

Dunsbach  Ferry  Bridge,* New  York. 
Mohawk  River  at: 

description 29-30 

discharge,  mean  daily 80-Sl 

discharge,  monthly 82 

Eafi  Canada  Creek  at— 
Dolgeville,  N.  Y.: 

description 50-51 

discharge,  mean  daily 51-62 

discharge,  monthly 58 

Esopus  Creek  at  and  near- 
Kingston,  N.  Y.: 

description 66-67 

discharge 67 

discharge,  mean  daily 69 

discharge,  monthly 69 

gage  heights 67 

rating  table 68 

Ollvebridge.  N.  Y.r 

description 68 

discharge 63 

discharge,  mean  daily 65-66 

discharge,  monthly 66 

gage  heights 64 

rating  table 64 

Findeme,  N.  J. 

Rarltan  River  at: 

description 87-88 

discharge 88 

111 


112 


INDEX. 


Fiiideme,  N.  J.— Continued. 

Raritan  River  at— Continued.  Pa^e. 

discharge,  monthly 89 

gage  heights 88 

rating  table 89 

Fort  Edward,  N.  Y. 
Hudson  River  at: 

description 19-20 

discharge,  mean  daily 20-21 

discharge,  monthly 22 

Frederick,  Pa. 

Perkiomen  Creek  at: 

description 108 

discharge,  mean  daily 109 

discharge,  monthly 110 

Glens  Palls,  N.  Y. 

Champlain  (^anal  feeder  at: 

di!4charge 73 

Graefenbcrg  Creek  near- 
New  Hartford.  N.Y.: 

description 39 

rainfall 40 

Graefcnberg  reservoir  near- 
New  Hartford,  N.Y.: 

rainfall 40 

Hancock,  N.  Y. 

Delaware  River '(East  Branch)  at: 

description 98 

discharge 98 

gage  heights 99 

Delaware  River  (West  Branch)  at: 

description 96 

discharge 96 

gage  height 97 

Hoosic  River  at— 
Buskirk,  N.Y.: 

description 24-25 

discharge 26 

gage  heights 26 

Hudson  River  at— 

Fort  Edward,  N.  Y.: 

description 19-20 

discharge,  mean  dally 20-21 

discharge,  monthly 22 

Mechanicsville,  N.  Y.: 

description 22-23 

discharge,  mean  daily 23 

discharge,  monthly 23 

Indian  Lake,  New  York. 
Indian  River  at: 

description 24 

stageof  water 24 

Indian  River  at— 

Indian  Lake.  New  York: 

description 24 

stage  of  water 24 

Johnston  Brook  near— 
Deerfield,N.  Y.: 

description 41-42 

discharge,  mean  daily 43 

discharge,  monthly 44 

Kingston.  N.  Y. 
Esopiis  Creek  at 

description 66-67 

discharge 67 

discharge,  meftn  dally 69 

discharge,  monthly 69 


Kingston,  N.  Y.— Continued. 

Biopua  Creek  at— Continued.  Pa^e. 

gageheights fu 

rating  table 6H 

I^mbertville.  N.  J. 
Delaware  River  at: 

description 99-100 

discharge 100 

gage  heights 100 

Lehigh  River  near- 
South  Bethlehem,  Pa.: 

description lOl 

dischaige 101 

gage  heights 102 

Little  Falls.  N.  Y. 
Mohawk  River  at: 

description »-27 

discharge,  mean  daily 27-2>) 

discharge,  monthly 28-'J9 

Mahwah,  N.  J. 

Ramapo  River  near: 

description 79-H) 

discharge '« 

discharge,  monthly W-«2 

gflge  heights W 

rsting  table 81 

Mechanicsville,  N.  Y. 
Hudson  River  at: 

description i'-'-Ja 

dischaige,  mean  daily^ '^ 

discharge,  monthly 23 

Millington.  N.  J. 
Passaic  River  at: 

description "4 

discharge "  * 

gage  heights 7^ 

Millstone,  N.  J. 

Millstone  River  at: 

description -...- 9S 

discharge 93 

gage  heights 94 

Millstone  River  at— 
Millstone.  N.  J.: 

description ^ 

discbarge 16 

gageheights 94 

Mohawk  River  at— 

Dunsbach  Ferry  Bridge,  New  York: 

description 29-30 

discharge,  mean  dally 30-31 

discharge,  monthly 32 

Little  Falls,  N.  Y.: 

description 26-27 

dischaige.  mean  dally 27-'> 

discharge,  monthly 2S-'i9 

Musconetcong  River  near— 

Bloomsburyi  N.  J. 

description 102-103 

discharge 103 

gageheights lOS 

Nail  Creek  at— 
Utica,  N.  Y.: 

descrlpUon 4WI5 

discharge,  mean  dally 46 

discharge,  monthly 46 


( 


INDEX. 
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Neshunlny  Creek  a^— 

Forks,  Pennsylvania:  Page. 

description 105 

discharge,  mean  dally 106 

discharge,  monthly 106 

New  Hartford,  N.  Y. 

Graefenberg  Creek  near: 

description 89 

Graefenberg  reaer\'olr  near: 

rainfall 40 

Starch  Factory  Creek  near: 

description 35 

discharge,  mean  daily 86 

discharge,  monthly 87 

Sylvan  Glen  Creek  near: 

description 87 

discharge,  mean  daily 38 

discharge,  monthly 89 

Nine  Mile  Creek  near— 
Ori-skany,  N.  Y.: 

discharge 78 

Old  Croton  dam,  New  York 
Croton  River  at: 

description 71-72 

discharge,  monthly 72 

Olivebridge,  N.  Y. 
Esopus  Creek  near: 

description 63 

discharge 68 

discharge,  mean  dally 65-66 

discharge,  monthly 66 

gage  heights 64 

rating  table 64 

Orlskany.  N.  Y. 

Nine  Mile  Creek  near: 

discbarge 73 

Oriskany  Creek  near: 

description 32-33 

discharge 33 

discharge,  mean  daily 34 

discharge,  monthly 85 

gage  heights 88-84 

Oriskany  Creek  near— 
Orifckany,  N.  Y.: 

description 82-88 

discharge 33 

discharge,  mean  daily 34 

discharge,  monthly 35 

gage  heights 33-84 

Passaic  River  at  and  near — 
Chatham,  N.  J.: 

description 76 

discharge 76 

gage  heights 77 

MilUngton,  N.  J.: 

description 74 

discharge 74 

gage  heights 75 

Passaic  River  drainage  basin 

description 73-74 

Perkiomen  Creek  at— 
Frederick,  Pa.: 

description 108 

discharge,  mean  dally 109 

discharge,  monthly 110 

Philadelpliia,  Pa. 

Schuylkill  River  near: 

description 107 

IRR  125-05 8 


Philadelphia.  Pa.— Continued. 

Schuylkill  River  near— Continued.        Page. 

discharge,  mean  daily 107 

discharge,  monthly 106 

Pluckemin,  N.  J. 

Raritan  River  (North  Branch)  near: 

dem^ription 91-92 

discharge 92 

gage  heights 92 

Point  Pleasant,  Pa. 

Tohickon  Creek  at: 

description 104 

discharge,  mean  daily 104 

discharge,  monthly 106 

Pompton  Plains,  N.  J. 

Pompton  River  at: 

description 78 

gage  heights 79 

Pompton  River  at— 

Pompton  Plains,  N.  J.: 

description 78 

gage  heights 79 

Prattsville,  N.  Y. 

Batavia  Kill  near: 

description 59 

Schoharie  Creek  at: 

description * 54 

discharge 54 

discharge,  mean  daily 57-58 

discharge,  monthly 59 

gage  heights 55 

rating  table 56 

Ramapo  River  near— 

Mahwah.  N.  J.: 

detvription 79-80 

discharge 80 

discharge,  monthly 81-82 

gage  heights 80 

rating  table 81 

Raritan  River  at— 

Bound  Brook,  N.  J.: 

description 90 

discharge 90 

gage  heights 91 

Findeme,  N.  J.: 

description 87-88 

discharge 88 

discharge,  monthly 89 

gage  heights 88 

rating  Uble 89 

Raritan  River  (North  Branch)  near— 

Pluckemin,  N.  J.: 

description 91-92 

discharge 92 

gage  heights 92 

Raritan  River  (South  Branch)  at— 

Stanton,  N.  J.: 

description 86-W 

discharge 86 

discharge,  monthly 87 

gage  heights 86 

rating  table 87 

Raritan  River  drainage  basin: 

description 84-85 

Reels  Creek  near— 

Deerfleld,  N.  Y.: 

description 41-42 
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Reels  Creek  n^ar— Continued. 

Deerfield,  N.  Y.— Continued.  Page. 

discharge,  mean  daily 42 

discharge,  monthly 43 

Rockaway  River  near— 
Boonton,  N.  J.: 

description 84 

discharge 84 

gage  heights 84 

Savage  resen-oir  near— 
Utica,  N.  Y.: 

rainfall 41 

Schoharie  Creek  at — 
Prattsville,  X.  Y.: 

description 64 

discharge 54 

discharge,  mean  daily 57-58 

discharge,  monthly 59 

gageheights 55 

rating  table 56 

Schuylkill  River  near- 
Philadelphia.  Pa.: 

description 107 

discharge,  mean  daily 107 

discharge,  monthly 108 

South  Bethlehem,  Pa.— ■ 
Lehigh  River  near: 

description 101 

discharge 101 

gageheights 102 

South  Cairo,  N.  Y. 
Catskill  Creek  at: 

description 60 

discharge 60 

discharge,  mean  daily 62 

discharge,  monthly 63 

gageheights 61 

rating  table 62 

Stanton,  N.  J. 

Raritan  River  (South  Branch)  at: 

description 85-86 

discharge 86 

discharge,  monthly 87 

gage  heights 86 

rating  table 87 

Starch  Factory  Creek  near- 
New  Hartford,  N.  Y.: 

description 35 

discharge,  mean  daily 36 

discharge,  monthly 87 


Sylvan  Glen  Creek  near- 
New  Hartford,  N.  Y.:  ?ur 

description r 

discharge,  mean  daily %- 

discharge,  monthly H 

Tohickon  Creek  at— 
Point  Pleasant,  Pa.: 

description :  ^ 

discharge,  mean  daily ]4 

discharge,  monthly :  ■ 

Twin  Rock  Bridge,  N.  Y. 
West  Canada  Creek  at: 

descri  ption itW, 

discharge 4» 

discharge,  mean  daily ft 

discharge,  monthly % 

gageheights 4» 

Utica,  N.  Y. 

Nail  Creek  at: 

description 4^^-+ 

discharge,  mean  daily f 

dischc^rge,  monthly 4* 

Savage  Reser^'oir  near: 

rainfall n 

Wanaque,  N.  J. 

Wanaque  River  at: 

description -C-v 

discharge v- 

gage  heights >3 

Wanaque  River  at— 
Wanaque,  N.  J.: 

description "J-^ 

discharge "^ 

gage  heights m 

Wappinger  Creek  near— 
Wappinger  Falls,  N.  Y.: 

description 'v 

discharge 'i 

gagehey^hta t: 

Wappinger  FalV*,  N.  Y. 
Wappinger  Cieek  near: 

description T» 

discharge 

gageheights 'l 

West  Canada  Creek  at— 

Twin  Rock  Bridge,  N.  Y.: 

description 46-^' 

discharge <* 

dischaige,  mean  daily..; -i- 

discharge,  monthly '•    j 

gageheights »^  ' 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Sapply  Paper  No.  12ft.] 

The  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports;  (2)  Monographs;  (3)  Professional  Papers;  (4)  Bulletins;  (5)  Mineral 
Resources;  (6)  Water-Supply  and  Irrigation  Papers;  (7)  Topographic  Atlas  of 
United  States,  folios  and  separate  sheets  thereof;  (8)  Geologic  Atlas  of  United 
States,  folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  maybe  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following 
waya: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  Every  member  of  CJongress  is  allotted  a  certain  number,  from  whom  they  may 
be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  w^here  they  may  Ije 
consulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 

Series  P.— The  hydrographic  progress  reports  contain  the  results  of  stream  measurements.  A 
report  is  issued  for  every  calendar  year,  containing  the  results  of  data  collected  during  that  year. 
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LETTER   OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hyi)ro(irapiiic  Branch, 
W(iHhingto7i^  D,  C.^  February  J^,^  1905. 

Sir:  I  transmit  herewith  the  manuscript  of  Part  III  of  a  series  of 
twelve  papers  which  compose  the  Report  of  Progress  of  Stream 
Measurements  for  the  Calendar  Year  1904.  Parts  I  to  VI  of  this 
report  contain  the  results  of  the  data  collected  in  the  territory  east 
of  the  Mississippi  River.  Parts  VII  to  XII  are  devoted  to  the  data 
collected  in  the  territory  west  of  the  Mississippi  River. 

The  larger  part  of  the  original  data  for  this  report  was  collected 
under  the  direction  of  district  hydrographer  N.  C.  Grover,  who  was 
assisted  b}^  H.  D.  Comstock.  The  assembling  of  the  data  and  their 
preparation  for  publication  were  done  under  the  direction  of  John  C. 
Hoyt,  who  has  been  assisted  by  R.  H.  Bolster,  Robert  FoUansbee, 
Willis  E.  Hall,  and  A.  H.  Horton. 

I  request  that  this  manuscript  be  published  as  one  of  the  series  of 

Water-Supply  and  Irrigation  Papers. 

Very  respectfully, 

F.  H.  Newell,  Chief  Engineer. 
Hon.  Charles  D.  Walcx^tt, 

Director  United  States  Geological  ^Surrey, 


PROGRESS   REPORT  OF  STREAM    MEASUREMENTS 

FOR  THE  CALENDAR  YEAR  1904. 

I^A^RT  III. 


By  N.  C  (trover  and  John  C.  Hoyt. 


INTRODUCTION. 

The  hydrographic  work  of  the  United  States  Geological  Survey 
includes  the  collection  of  facts  concerning  and  the  study  of  conditions 
affecting  the  behavior  of  water  from  the  time  it  reaches  the  earth  as 
rain  or  snow  until  it  joins  the  oceans  or  great  navigable  rivers.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in 
the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo, 
N.  Mex.  Since  that  date  the  work  has  been  continually  and  gradually 
extended  as  larger  funds  became  available.  The  lirst  distinctive 
appropriation  for  gaging  streams  was  made  b}-  the  act  of  August  18, 
181>4,  which  contained  an  item  of  f  12,500,  '^for  gaging  the  streams 
and  determining  the  water  supply  of  the  United  States,  including  the 
investigation  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections/'     (Digest  of  Appropriations  for  1895,  p.  270.) 

Since  that  time  a  similar  act  has  been  passed  each  year  and  the 
appropriations  have  gradually  increased,  as  shown  in  the  following 
table: 

Annual  approjtriatians  for  hydrographir  surreys. 

Year  ending  June  30,  1895 $12,500 

Year  ending  June  30,  1896 20,000 

Year  ending  June  30,  1897 50,000 

Year  ending  June  30,  1898 50,000 

Year  ending  June  30,  18i)9 50,000 

Year  ending  June  ;W,  1900 50,000 

Year  ending  June  30,  1901 100,000 

Year  ending  June  30,  1902 100,000 

Year  ending  June  30,  19a3 200,000 

Year  ending  June  30,  1904 200,000 

Year  ending  June  30,  1905 200,000 
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The  chief  feature  of  the  work  of  the  h3'drographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  waters  and  the  conditions 
affecting  the  same.  In  this  connection  other  information  that  may  be 
of  use  to  the  engineer  or  others  in  hydrographic  studies,  such  as  river 
profiles,  duration  and  extent  of  damage  by  floods,  water-power  data, 
etc.,  is  collected.  Furthermore,  the  work  has  been  so  directed  that 
the  information  collected  will  be  of  direct  value  in  the  commercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  June  30,  1902,  the 
work  has  been  largely  extended  and  thoroughly  systemized.  The 
various  States  have  been  grouped  into  districts,  each  of  which  is  under 
the  supervision  of  a  district  hydrographer  who,  with  a  corps  of  a^^ist- 
ants,  devotes  his  whole  time  to  the  study  of  the  hydrographic  rei^urces 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  prejia- 
I'ation  for  publication  are  given  in  detail  in  Water-Supply  Paper  No. 
94.     (Hydrographic  Manual,  U.  S.  Geol.  Survey.) 

The  general  plan  of  stream  gaging  which  hius  been  developed  is  to 
obtain  eventually  data  in  regard  to  the  flow  of  all  the  important  streams 
in  the  United  States.  With  this  in  view  gaging  stations  are  estab- 
lished at  points  where  the  data  will  be  of  greatest  commercial  value. 
At  these  stations  discharge  measurements  are  taken  from  time  to  time 
at  typical  river  stages,  and  the  daily  surface  fluctuation  is  obtained  by 
means  of  gage  readings.  From  these  two  factors  it  is  possible  to 
estimate  both  the  total  flow  and  its  distribution  through  the  period  of 
observations. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largely  upon  the  needs  of  each  local- 
ity. If  the  stream  is  to  be  used  for  water  power,  special  efforts  are 
made  to  obtain  information  concerning  the  low- water  flow.  If  water 
is  to  be  stored,  the  high  waters  are  given  special  attention.  In  all  sec- 
tions certain  permanent  stations  are  maintained  for  genei'al  statistical 
purposes  to  show  the  conditions  which  exist  through  long  periods. 
They  also  act  as  primary'  stations,  and  are  used  in  connection  with 
short  series  of  measurements  to  determine  the  flow  in  particular  por- 
tions of  the  drainage  basin. 

(iaging  stations  are  divided  into  two  general  classes:  First,  current- 
meter  stations;  and  second,  weir  stations.  The  former  class  is  sub- 
divided as  to  location  into  bridge,  cable,  ]>oat,  and  wading  stations. 
Fig.  1  shows  a  cable  station  with  car,  tag-line,  inclined  gage,  etc.  In 
addition  to  the  bridge,  cable,  or  boat,  the  equipment  of  a  current-meter 
gaging  station  consists  in  a  gage  for  determining  the  daily  fluctuations 
of  the  water  surface,  bench  marks  to  which  the  zero  of  the  gage  is 
referred,  and  permanent  marks  on  the  bridge  or  a  tagged  line  indicat- 
ing the  points  of  measurement.    Where  the  current  is  swift  some  appli- 
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ance — generally  a  secondary  cable — is  necessary  to  liold  (he  meter 
in  position  below  the  surface. 

Uaging  stations  are  generally  located  at  bridges,  if  the  channel  condi- 
tions are  satisfactory,  as  from  them  the  meter  can  l)c  easily  manipu- 
lated, and  the  cost  of  the  equipment  is  comparatively  small.  The  .^ta- 
tiona  are  located  as  far  an  possible  at  points  where  the  channel  is 
straight,  both  above  and  l>elow  the  gaging  sw^tJon,  and  where  there 
are  no  cross  currents,  Itackwater,  or  boils.  The  bed  of  the  stream 
should  t>e  as  clear  as  possible  from  large  projec'tions  and  of  a  per- 
manent character.  The  banks  should  be  high,  and  should  overflow  at 
high  stages  only.  Great  care  is  taken  in  the  sele«'tion  and  equipment 
of  gaging  stations,  in  order  that  the  data  may  hiive  the  required  degree 
of  accuiwy. 

On  many  of  the  larger  rivers  where  water  power  is  developed  by 
dams  estimates  of  Bow  are  obtained  by  observing  the  head  on  the  crest 
and  using  a  weir  formula.  On  the  smaller  streams  sharp-crested 
weirs  are  in  some  case-s  erected. 


Fio.  1.— Cable  bmUod.  sbowlng  Kvtion  o[  liver.  car,  gagE.  clr. 

The  principal  instrument  used  in  stream-measui'ement  work  is  the 
current  meter,  by  which  the  velocity  of  the  flow  of  water  is  deter- 
mined. After  years  of  experience  the  Survey  has  adopted  the  Price 
current  meter  for  general  work.  This  meter,  as  is  .shown  on  PI.  II, 
is  made  in  two  sizes,  known  as  the  large  and  small  Price.  The  small 
Price  has  been  largely  de\'eloi>ed  by  the  officer.s  of  the  Sn.r\'ey,  using 
the  Price  acoustic  meter  as  a  l»asis. 

A  discharge  measurement  is  the  determination  of  the  quantity  of 
water  flowing  past  a  certain  point  at  a  given  time.  This  quantity  is 
the  product  of  two  factors:  (1)  The  mean  velocity,  which  is  the  func- 
tion of  the  cross  section,  surface  slojw,  wetted  perimeter  and  rough- 
ness of  bed;  (2)  the  area,  which  depends  upon  the  permanency  of  the 
bed  and  the  fluctuations  of  the  surface,  which  govern  the  depth. 

In  making  the  measurement  an  arbitrary  number  of  points  are  laid 
off  perpendicular  to  the  thread  of  the  stream  (see  tig.  1).     These  pointe 
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are  usually  at  regular  intervals  varjnng  from  2  to  20  feet,  depending 
upon  the  size  and  conditions  of  the  stream.  They  are  known  ss  meas- 
uring points,  and  at  them  the  observed  data,  the  velocities  and  aonnd- 
ings,  are  taken.  The  perpendiculars  dropped  from  the  measuring 
points  divide  the  gaging  section  into  strips,  and  for  each  strip  or  pair 
of  strips  the  mean  velocity,  area,  and  discharge  are  determined  inde- 
pendently; thus  conditions  existing  in  one  part  of  the  stream  are  not 
distributed  to  parts  where  they  do  not  apply. 

The  methods  of  obtaining  velocity  with  the  current  meters  which 
are  in  geneml  use  may  be  grouped  into  three  classes:  Single  point, 
multiple  point,  and  integration. 

The  single-point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity,  or  at  an  arbitrary  deptii,  for 
which  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. Extensive  experiments  by  vertical  velocity-curves  sliow  that 
the  thread  of  mean  velocity  lies  at  from  0.5  to  0.7  of  the  total  depth. 
In  general  practice  the  thread  of  mean  velocity  is  considered  to  be  at  0.6 
depth,  and  it  is  at  this  depth  that  the  meter  is  held  in  the  majority  of  the 
measurements,  this  being  known  as  the  six-tenth  depth  method*  It  is 
found  by  a  large  number  of  vertical  velocity-curve  measurements,  taken 
on  various  streams  and  under  various  conditions,  that  the  coefficient 
for  reducing  the  velocity  obtained  at  six-tenths  depth  to  mean  veloc.tv 
is  practically  unity,  ranging,  in  a  series  of  910  measurements  made  at 
39  gaging  stations,  between  94  and  104  per  cent,  with  a  mean  for  the 
910  observ^ations  of  100  per  cent.  In  the  other  principal  single-point 
method  the  meter  is  held  near  the  surface,  usually  1  foot  below,  or  low 
enough  to  be  out  of  the  action  of  the  wind  or  other  disturbing  influ- 
ences. This  is  known  as  the  subsurface  method.  The  coefficient  for 
reducing  the  velocities  taken  at  the  subsurface  has  been  found  by 
repeated  experiments  with  vertical  velocity-curves  to  be  from  85  to  95 
per  cent,  depending  upon  the  depth  of  the  stream  and  v^elocity  and 
channel  conditions.  This  method  is  speciallj''  adapted  for  flood  meas- 
urements, or  when  the  velocity  is  so  great  that  the  meter  can  not  W 
kept  at  0.6  depth. 

The  three  principal  multiple-point  methods  in  general  use  are:  The 
vertical  velocity-curve;  top  and  l)ottom;  and  top,  bottom,  and  mid 
depth.  In  the  vertical  velocity -curve  method  a  series  of  velocity 
determinations  are  biken  in  the  vertical  at  regular  intervals,  usually 
from  0.5  to  1  foot  apart.  By  plotting  these  velocities  as  abscis^^as  and 
their  depths  as  ordinates^,  and  drawing  a  smooth  curve  thix)ugh  the?* 
points,  the  vertical  velocity-curve  is  produced,  which  shows  the 
change  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The 
mean  velocity  in  the  vertical  is  then  obtained  by  dividing  the  depth 
into  the  area  bounded  by  this  mean  velocity-curve  and  the  initial  line. 
Owing  to  the  length  of  time  it  takes  to  make  these  measurements,  they 
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a,re  seldom  used  except  for  determining  coefficients  for  purposes  of 
comparison,  and  for  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  from  0.5  to  1 
foot  below  the  surface  and  about  0.5  foot  above  the  bottom,  and  the 
mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  This  method  is  not  well  adapted  for  general  work, 
as  the  roughness  of  the  bottom  disturbs  the  velocity  at  that  point. 
For  shallow  streams  with  comparatively  smooth  beds  good  results  are 
obtained  by  this  method.  In  the  third  umltiple-point  method  the 
iiiett^r  is  held  at  mid  depth,  at  0.5  foot  below  the  surface  and  at  0.5  fo<jt 
-bove  the  bottom,  and  the  mean  velocity  is  determined  by  dividing  the 
sum  of  the  top  velocity,  twice  the  mid -depth  velocity,  and  the  bottom 
velocity,  by' 4. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  surface.  The  number  of  revolutions  and  the  time  taken  in  the 
operation  is  noted,  and  the  mean  velocity  is  found  by  dividing  the 
number  of  revolutions  by  the  number  of  seconds  taken  in  the  run. 
This  method  has  the  advantage  in  that  the  velocity  at  each  point  of 
the  vertical  is  measured  twice.  It  is  well  adapted  for  measurements 
under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  for  determining  the  discharge  of 
the  stream,  depends  upon  the  stage  of  the  river,  which  is  taken  on  a 
gage,  and  the  general  contour  of  the  bed  of  the  stream,  which  is  found 
by  sounding.  The  soundings  aie  usually  taken  at  each  measuring 
point  at  the  time  of  the  discharge  measurement,  either  by  using  the 
meter  and  cable  or  by  a  special  sounding  line  or  rod.  For  stations 
with  permanent  beds  standard  cross  sections  are  usually  taken  during 
low  water.  These  sections  serve  to  check  the  soundings  which  are  taken 
at  the  time  of  the  measurements,  and  from  them  an}'  change  which  may 
have  taken  place  in  the  bed  of  the  stream  can  be  detected.  They  an^ 
also  used  for  obtaining  the  area  for  use  in  computations  of  high-water 
measurements,  as  accurate  soundings  are  hard  to  obtain  at  high  stages. 
In  computing  the  discharge  measurements  from  the  observed  veloci- 
ties and  depths  at  the  various  points  of  measurements  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  fig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for 
either  a  single  or  double  strip.  The  total  discharge  and  area  are  the 
sums  of  those  for  the  various  strips,  and  the  mean  velocity  is  obtained 
by  dividing  the  total  discharge  by  the  total  area. 

The  volume  of  water  flowing  in  a  stream  is  known  as  run-off.  In 
expressing  it  various  units  are  used,  depending  upon  the  kind  of  work 
for  which  the  data  are  needed.  Those  used  in  this  report  are  ^'second- 
feet,"  ''acre-feet,"  ''run-off  per  square  mile,"  and  "run-off  in  depth 
in  inches,"  and  may  be  defined  as  follows: 
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Second-foot  is  an  abbreviation  for  cubic  foot  per  second,  and  is  the 
body  of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a  rate 
of  1  foot  per  second. 

The  acre-foot  is  the  unit  of  capacity  used  in  connection  with  storage 
for  irrigation  work,  and  is  equivalent  to  43,560  cubic  feet.  It  is  the 
quantity  required  to  cover  an  acre  to  a  depth  of  1  foot.  There  i<  a 
convenient  relation  between  the  second-foot  and  the  acre-foot:  1 
second-foot  flowing  for  twenty-four  hours  will  deliver  86,400  cubic 
feet,  which  equals  1.9835  acre-feet,  or,  approximately,  2  acre-feet. 

The  expression  ''second-feet  per  square  mile"  means  the  number  of 
cubic  feet  of  water  flowing  each  second  from  ever}-  square  mile  of 
drainage  area. 

''  Depth  in  inches"  means  the  depth  of  water  in  inches  that  would 
have  covered  the  drainage  area,  uniformly  distributed,  if  all  the  water 
could  have  accumulated  on  the  surface.  This  quantity  is  used  for 
comparing  run-off  with  rainfall,  which  quantity  is  usuallv  given  in 
depth  in  inches. 

It  should  be  noticed  that  ''acre-feet"  and  "depth  in  inches''  repre- 
sent the  actual  quantities  of  water  which  are  produced  during  the 
periods  in  question,  while  "  second-feet,"  on  the  contrary,  is  merelv 
a  rate  of  flow,  into  which  the  element  of  time  does  not  enter. 

The  base  data  for  computing  the  daily  discharge  of  a  stream  are  the 
various  discharge  measurements  and  the  daily  gage  heights,  and  suffi- 
cient discharge  measurements  should  be  had  to  cover  the  range  of 
gage  heights.  The  fundamental  laws  upon  which  these  computations 
are  based  are  the  following: 

(1)  The  discharge  will  remain  constant  so  long  as  the  conditions  at 
or  near  the  gaging  station  remain  constant; 

(2)  Neglecting  the  change  of  slope  due  to  the  rise  and  fall  of  the 
stream,  the  discharge  will  be  the  same  whenever  the  stream  is  at  a 
given  stage;  and 

(3)  The  discharge  is  both  a  function  of,  and  inci*eases  gradually 
with,  the  gage  heights. 

As  the  beds  of  many  streams  are  changeable,  the  problem  divides 
itself  into  two  classes:  (1)  Those  of  streams  with  permanent  or  practi- 
cally permanent  beds,  and  (2)  those  of  streams  with  changeable  btnls. 
The  base  data  and  methods  of  obtaining  them  are  the  same  for  either 
class,  and  it  is  only  in  the  computation  of  the  mean  daily  flow  thai 
different  methods  are  necessary. 

In  determining  the  dail}'^  discharge  of  streams  with  permanent  beds, 
the  results  of  the  discharge  measurements  are  plotted  on  cross -stH."!tion 
paper,  with  gage  heights  as  ordinates  and  discharges  as  absi*issa>. 
Through  these  points  a  smooth  curve  is  drawn,  which  shows  the  dis- 
charge for  any  gage  height,  and  from  which  a  rating  table  is  prepared. 
The  mean  velocitv  and  area  determined  for  each  discharge  measiu-e- 
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ment  are  also  plotted.  Through  these  points  the  curves  of  mean 
velocity  and  of  area  are  drawn,  and  the  rating  curve  is  largely  deter- 
mined ))y  taking  the  product  of  the  mean  velocity  and  the  area  at 
various  stages  as  determined  by  these  curves.  These  curves  of  mean 
velocity  and  area  are  of  special  value  in  determining  the  location 
of  the  rating  curve  for  stages  at  which  actual  discharge  measurements 
are  not  available  and  for  extending  the  discharge  curve  outside  the 
limits  of  the  measurements.  In  the  preparation  of  the  mting  table 
the  discharge  for  each  tenth  or  half-tenth  on  the  gage  is  found  from 
the  curve.  The  tirst  and  second  differences  of  these  discharges  are 
then  taken  and  adjusted  according  to  the  law  that  they  shall  either  be 
constant  or  increasing,  never  decreasing.  The  discharges  in  the  table 
are  then  changed  in  accordance  with  these  adjusted  differences.  In 
making  up  the  station-rating  curve,  the  individual  discharge  measure- 
ments and  the  conditions  under  which  they  were  taken  are  carefully 
studied,  in  order  that  proper  weight  shall  be  given  to  each  measure- 
mont.  Rating  curves  in  general  take  the  form  of  a  parabola,  and 
as  a  rule  the  high-water  portion  of  the  curve  approaches  a  straight 
line.  For  stations  of  permanent  character,  the  results  of  the  measure- 
ments from  year  to  year  should  be  within  5  per  cent  of  the  curve,  with 
the  exception  of  those  taken  during  high  wat«r,  when  the  probable 
error  may  be  aa  high  as  10  per  cent. 

The  determination  of  the  daily  discharge  of  streams  with 
changeable  beds  is  dif&cult,  and  unless  frequent  discharge  measure- 
ments are  made,  the  results  obtained  are  only  roughly  approximate. 
For  streams  with  continually  shifting  beds,  such  as  Colorado  River 
and  Rio  Grande,  discharge  measurements  are  made  every  two  or  three 
days,  and  the  discharges  for  the  intervening  days  are  obtained  by 
interpolation,  modified  by  the  gage  heights  for  these  da^^s.  For  sta- 
tions with  beds  which  shift  slowly,  or  are  only  materially  changed 
during  floods,  station  rating  curv^es  and  tables  can  be  prepared  for  the 
periods  between  changes,  and  satisfactory  results  can  be  obtained  with 
two  or  three  measurements  a  month,  providing  measurements  are 
taken  soon  after  the  changes  occur. 

In  determining  the  flow  for  periods  when  the  streams  are  frozen, 
special  rating  curves  and  tables  have  to  be  prepared  from  measure- 
ments taken  under  these  conditions.  The  methods  of  constructing 
these  curves  and  tables  are  the  same  as  for  open  sections.  The  dis- 
charge measurements,  however,  are  taken  either  by  integration  in  ver- 
ticals or  by  vertical  velocity-curves,  as  sufficient  experiments  have  not 
been  made  on  ice- covered  streams  to  determine  the  laws  which  govern 
the  position  of  the  thread  of  mean  velocit\\ 

The  Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  1904,  of  which  this  is  Part  III,  is  published  in  a  series  of  twelve 
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Water-Supply  Papers,  Nos.  124-135,  inclusive,  under  the  following 
subtitles: 

Part  1.  Atlantic  coa«t  of  New  England  drainage. 

Part  2.  Hudson,  Passaic,  Raritan,  and  Delaware  River  drainages. 

Part  3.  Susquehanna,  Patapsco,  Potomac,  James,  Roanoke,  Cape  Fear,  and  Yadkin 
River  drainages. 

Part  4.  Santee,  Savannah,  Ogeechee,  Altamaha  rivers,  and  Eastern  Gulf  of  Mexicii 
drainage. 

Part  5.  Eastern  Mississippi  River  drainage. 

Part  6.  Great  Lakes  and  St.  Lawrence  River  drainage. 

Part  7.  Hudson  Bay,  Minnesota,  Wapsipinicon,  low^a,  Des  Moines,  and  MisBoari 
River  drainages. 

Part  8.  Platte,  Kansas,  Meramec,  Arkansas,  and  Red  River  drainages. 

Part  9.  Western  Gulf  of  Mexico  drainage. 

Part  10.  (Colorado  River  and  the  Great  Basin  drainage. 

Part  11.  The  Great  Basin  and  Pacific  Ocean  drainages  in  California. 

Part  12.  Columbia  River  and  Puget  Sound  drainage. 

The  territory  covered  by  each  paper  is  given  in  the  subtitle,  and 
the  larger  drainages  are,  for  convenience  in  arrangement,  subdivided 
into  smaller  ones,  under  which  the  data  are  arranged,  as  far  as  prac- 
ticable, geographically. 

These  papers  contain  the  data  that  have  been  collected  at  the  regular 
gaging  stations,  the  results  of  the  computations  based  upon  the  obser- 
vations and  such  other  information  that  has  been  collected  that  has  a 
direct  bearing  on  these  data,  including,  as  far  as  practicable,  descrip- 
tions of  the  drainage  areas  and  the  streams  draining  them. 

For  each  regular  station  are  given,  as  far  as  available,  the  following 
data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 
8.  Gage  height  table. 

4.  Rating  table. 

5.  Table  of  estimated  monthly  and  yearly  discharges  and  run-off. 
The  descriptions  of  stations  give,  as  far  as  possible,  such  general 

facts  about  the  locality  and  equipment  as  would  enable  the  reader  to 
find  the  station  and  use  the  same.  The}^  also  give,  as  far  as  possible, 
a  complete  history  of  all  the  changes  that  have  occurred  since  the 
establishment  of  the  station  that  would  be  factors  in  using  the  data 
collected. 

The  discharge  measurement  table  gives  the  results  of  the  discharjre 
measurements  made  during  the  year.  This  includes  the  date,  the 
hydrographcr\s  name,  the  gage  height,  and  the  discharge  in  second- 
feet. 

The  table  of  daily  gage-heights  gives  for  each  day  the  fluctuations 
of  the  surface  of  the  river  as  found  from  the  mean  of  the  gage  read- 
ings taken  on  that  day.  At  most  of  the  stations  the  gage  is  read  in 
the  morning  and  in  the  evening. 
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The  rating  table  gives  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights. 

In  the  taf)le  of  estimated  run-off  the  column  headed  * '  Maximum '"  gives 
the  mean  flow  for  the  day  when  the  mean  gage  heiglit  was  the  highest, 
and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean  gage  height. 
As  the  gage  height  is  the  mean  for  the  day,  there  might  have  been  short 
periods  when  the  water  was  higher  and  the  corresponding  discharge 
larger  than  given  in  this  column.  Likewise  in  the  column  of  "Mini- 
mum ■'  the  quantity  given  is  the  mean  flow  for  the  day  when  the  mean 
gage  height  was  lowest.  The  column  headed  "  Mean  "  is  the  average 
tlow  for  each  second  during  the  month.  Upon  this  the  computations 
for  the  two  remaining  columns  which  are  defined  on  page  12  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  gen- 
ei"al  and  special  rules  have  been  used: 

Fundamental  rtUes  for  computation, 

1 .  The  highest  degree  of  precision  consistent  with  the  rational  use  of  time  and  money 
is  imperative. 

2.  All  items  of  computation  should  be  expressed  by  at  least  two  and  by  not  more 
than  four  significant  figures. 

3.  Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  discharge  curve  whose 
per  cent  of  error  is  5  times  the  average  per  cent  error  of  all  the  other  measurements 
£<houId  be  rejected. 

4.  In  reducing  the  number  of  significant  figures,  or  the  numl)er  of  decimal  places, 
by  dropping  the  last  figure,  the  following  rules  apply: 

( a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without  chang- 
ing the  preceding  figure.     Example:  1,827.4  becomes  1,827. 

(b)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  5,  drop  it  and  increase 
the  preceding  figure  by  1.     Example:  1,827.6  becomes  1,828. 

(c)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  even 
figure,  drop  the  5.     Example:  1,828.5  becomes  1,828. 

(d)  When  the  figure  in  the  place  to  l)e  rejected  is  5,  and  it  is  preceded  by  an  odd 
figure,  drop  the  5  and  increase  the  prec^eding  figure  by  1.  Example:  1,827.5  becomes 
1 ,828. 

5.  In  constructing  and  applying  rating  tables  a  maximum  limit  of  one-half  per 
cent  error  should  seldom  be  exceeded. 

Special  rules  for  computation. 

1.  Rating  tables  are  to  Ije  constructed  as  close  as  the  data  upon  which  they  are  based 
will  warrant.     No  decimals  are  to  l)e  use<l  when  the  discharge  is  over  50  second-feet. 

2.  Daily  discharges  shall  be  applied  directly  to  the  gage  heights  as  they  are  tabulate<l. 

3.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  when  the  quantities 
are  below  100  second-feet.  Between  100  and  10,000  second-feet,  the  laat  figure  in  the 
monthly  mean  shall  b^  a  significant  figure.    This  also  applies  to  the  yearly  mean. 

4.  Second-feet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall 
]ie  carried  out  at  least  to  three  significant  figures,  except  in  the  case  of  decimals,  where 
the  first  significant  figure  is  preceded  by  one  or  more  naughts  (0),  when  the  quantity 
shall  be  carried  out  to  two  significant  figures.  P^xample:  1.25;  .125;  .012;  .(X)12.  The 
yearly  means  for  these  quantities  are  always  to  be  expressed  in  three  significant 
figures  and  at  least  two  decimal  places. 
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The  results  of  the  stream  measurements  made  during  previous  yean* 
by  the  United  States  Geological  Surv^ey  can  he  found  in  the  following 
Survey  publications.  A  detailed  index  of  these  repoiis  is  given  in 
Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Rep<irt,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Report,  Part  II. 

1895.  Bulletin  No.  140. 

1896.  Water-Supply  Pai)er  No.  11;  Eighteenth  Annual  Report,  Part  IV, 

1897.  Water-Supply   Papers    Nos.    15  and   16;   Nineteenth   Annual    Report, 

Part  IV. 

1898.  Water-Supply    Papers    Nos.    27    and    28;  Twentieth   Annual    Report, 

Part  IV. 

1899.  Water-Supply   Papers  Nos.  35   to  39,  inclusive;   Twenty-first   Annual 

Report,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty-second  Annual 

Report,  Part  IV. 

1901.  East  of  the  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  75. 
West  of  the  Mississippi  River,  Water-Supply  Papers  Nos.  66  and  75. 

1902.  East  of  the  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  the  Mississippi  River,  Water-Supply  Papers  Nos.  84  antl  85. 

1903.  EsLt^t  of  the  Mississippi  River,  Water-Supply  Papers  Noe.  97  and  98. 
West  of  the  Mississippi  River,  Water-Supply  Papers  Nos.  99  and  100. 

1|904.  >^t  of  the  Mississippi  River,  Water-Supply  Papers  Nos.  124   to  129, 
inclusive. 
West  of  the  Mississippi  River,  Water-Supply  Papers  Nos.  130  to  135, 
inclusive. 

A  limited  number  of  these  are  for  free  distribution,  and  as  long-  as 
the  supph'  lasts  they  may  l)e  obtained  by  application  to  the  Director 
United  States  Geological  Survey  or  to  membei's  of  Congress.  Other 
copies  are  filed  with  the  Superintendent  of  Public  Documents,  Wash- 
ington, D.  C,  from  whom  they  may  be  had  at  nominal  cost.  Copies 
of  Government  publications  are,  as  a  rule,  furnished  to  the  public 
libraries  in  our  large  cities,  where  they  may  be  consulted  b3'  those 
interested. 

COOPERATION  AXD  ACKNOWIiKDGMENTS. 

Most  of  the  mejtsuremcnts  presented  in  this  paper  have  been  obtaineil 
through  local  hydrographers.  Acknowledgment  is  extended  to  other 
persons  and  corporations  who  have  assisted  local  hydrographei's  or 
have  cooperated  in  any  way,  either  by  furnishing  records  of  the  height 
of  water  or  })y  assisting  in  transportiition. 

The  following  list,  arranged  alphabetically  by  States,  gives  the  names 
of  the  resident  hydrographers  and  others  who  have  assisted  in  fur- 
nishing and  preparing  the  data  contained  in  this  report; 
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Maryiand. — Resident  hydrographer,  E.  G.  Paul  during  first  half  and  N.  C.  G rover 
during  the  last  half  of  the  year,  assisted  by  H.  D.  Comstock.  Acknowledgment  is 
due  to  the  State  Geological  Survey  for  cooperation  in  the  work  to  the  extent  of  paying 
the  observers. 

New  Jersey. — Resident  hydrographer,  E.  (4.  Paul  during  first  half  and  N.  C.  Grover 
tiuring  the  last  half  of  the  year,  a88i8te<l  by  H.  D.  C'omstock. 

PennsylrHinia. — Resident  hydrographer,  E.  G.  Paul  during  first  half  and  N.  C. 
Grover  during  the  last  half  of  the  year,  assisteii  by  R.  J.  Taylor  and  H.  D.  Comstock. 
Acknowledgments  are  due  to  E.  Mather,  president  of  the  board  of  water  commission- 
ers, and  G.  M.  Nagle,  chief  enginet?r,  Harrisburg;  James  F.  Fisher,  city  engineer  of 
Williamsport,  Pa. ,  for  cooperation  in  securing  gage  heights  on  Snsciuehanna  River,  and 
Dr.  Gary  T.  Hutchinson,  for  discharge  measurements  and  records  of  gage  height  at 
McCall  Ferry. 

Virginia. — Resident  hydrographer,  E.  G.  Paul  during  first  half  and  N.  G.  Grover 
during  the  last  half  of  the  year.  Acknowledgments  are  due  to  J.  D.  Hofford,  mana- 
ger of  the  Willson  Aluminum  Company,  at  Holcomb  Rock,  Va.,  for  gage  heights 
of  James  River  at  that  place. 

West  Virginia. — Resident  hydrographer,  E.  (4.  Paul  in  the  first  half  and  N.  C. 
Grover  in  the  last  half  of  the  vear. 

8U8QUKIIANXA  RIVER  DRAINAGE  BASIN. 

Susquehanna  River  rises  in  New  York  and  flows  southwcstward 
a  short  distance  below  the  New  York-Pennsylvania  line,  where  it 
turns  to  the  southeast;  near  Wilkesbarre  it  again  bends  to  the  south- 
west and  flows  in  this  direction  as  far  as  Northumberland,  where  it  is 
joined  by  the  West  Bi-anch.  Below  Northumberland  it  flows  south- 
ward and  southeastward  to  Chesapeake  Bay.  Its  total  drainage  area 
is  about  27,400  square  miles,  and  is  larger  than  that  of  any  other  stream 
on  the  Atlantic  slope  of  the  United  States.  It  is  not  navigable  above 
the  fall  line  near  its  mouth. 

As  the  drainage  basin  embraces  such  a  large  area,  it  is  varied  in  char- 
acter. In  New  York  the  stream,  with  its  tributaries,  flows  through  a 
rolling  and  sometimes  rather  broken  country,  bounded  by  a  mountainous 
region  on  the  north.  In  this  part  of  the  course  its  bed  is  of  gravel 
or  sand,  with  an  occasional  rock  ledge.  Its  banks  are  moderately 
hififh  and  not  extensivelv  subject  to  overflow.  In  Pennsvlvania  it 
enters  a  mountain  region,  and  its  course  is  in  places  tortuous  as 
it  winds  among  the  parallel  i-anges.  Its  bed  is  generally  composed  of 
drift  materials,  gravel,  sand,  and  bowlders,  and  its  banks  are  high. 
Below  the  mouth  of  the  West  Bi-anch  the  slope  becomes  more  irregu- 
lar, and  at  several  places  there  are  rapids  where  the  stream  flows  over 
a  rock  bottom.  In  the  lower  part  of  its  course,  from  Marietta  to 
Havre  de  Grace,  the  stream  occupies  a  deep,  broad  valley,  varying  in 
width  from  a  few  hundred  foot  to  more  than  a  mile.  On  either  shore 
it  is,  for  the  most  part,  boundcul  by  rocky  bhiffs  and  table-lands  hav- 
ing elevations  from  100  to  5(X)  feet  above  its  waters. 
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The  West  Branch  has  its  source  in  the  mountains  of  Cambria  Countv. 
Pa.,  at  an  elevation  of  2,000  feet  or  more  above  the  sea.  It  flow.s 
generally  eastvrard  through  Pennsylvania  and  joins  the  main  stream  at 
Northumberland.  Its  total  drainage  area  is  about  7,030  square  mile^. 
In  its  upper  course  this  tributary  drains  a  n)ountainous  country,  while 
in  its  middle  and  lower  course  the  surface  is  hillv. 

Juniata  River  rises  in  Center  Countv,  Pa.,  and  flows  in  a  «outh- 
easterly  direction  into  Susquehanna  River  15  miles  above  HarrLsbur^. 
Its  drainage  basin  is  mountainous  and  for  the  most  part  covered  with 
forest  growth.     It  has  an  area  of  3,530  square  miles. 

All  available  hydrographic  data  for  Susquehanna  River  basiu  have 
been  collected  and  published  in  Water-Supply  Papers  108  and  109.  The 
former  of  these  treats  principally  of  the  quality  of  the  water,  while  the 
latter  gives  all  data  available  as  to  fluctuations  in  stage  and  quantity 
of  water  flowing. 

Wat^r-Supply  Paper  No.  109  contains  records  of  flow  at  the  gaging 
stations  described  in  this  paper  and  at  the  following  additional  stations: 

West  Branch  at  Allenwood,  Pa. 

Tioughnioga  at  Chenango  Forks,  N.  Y. 

Cayuta  at  Waverly,  N.  Y. 

Chenango  at  Oxford,  N.  Y. 

Eaton  and  Madison  brooks  at  Madison  Countv,  N.  Y. 

Diversions  from  Chenango  River  drainage  basin. 

During  1904  the  United  States  Geological  Survey  has  maintained  the 
following  gaging  stations  in  this  basin: 

Susquehanna  at  Bingham  ton,  N.  Y. 
Susquehanna  at  ^yilkesbarre,  Pa, 
Suscjuehanna  at  Danville,  Pa. 
Susquehanna  at  Harrisburg,  Pa. 
Susquehanna  at  McCall  Ferry,  Pa. 
Chenango  at  Bingham  ton,  N.  Y. 
Chemung  at  Chemung,  N.  Y. 
West  Branch  at  Williamsjwrt,  Pa. 
Juniata  at  Newport,  Pa. 
Broad  Creek  at  Mill  (ireen,  Md. 
Deer  Creek  at  Church ville,  Md. 

The  United  States  Weather  Bureau  maintains  river  stations  in  this 
basin  at  the  following  points: 

Susquehanna  at  Towando,  Pa. 
Susquehanna  at  Selinsgrove,  Pa. 
West  Branch  at  Clearfield,  Pa. 
VV^est  Branch  at  Loc*k  Flaven,  Pa. 
Juniata  at  Huntingdon,  Pa. 

SUSQUEHANNA  RIVER  AT  BINGHAMTON,  N.  Y. 

This  gaging  station  was  established  July  81,  1901.  A  standard 
chain  gage  is  attached  to  the  upstream  side  of  the  left  span  i>f  the 
Washington  Street  Bridge,  which  is  situated  about  800  feet  upstream 
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from  the  junction  of  Chenango  and  Susquehanna  rivers.  On  account 
of  the  unfavorable  conditions  produced  by  a  rift,  which  extends  diago- 
nally across  the  stream  underneath  the  bridge,  discharge  measurements 
are  made  at  Exchange  Street  Bridge,  1^900  feet  upstream.  The  gage 
is  upstream  from  the  crest  of  the  rift  and  over  a  stretch  of  smooth 
water  extending  to  the  dam,  2,800  feet  above.  Gage  readings  are 
unaffected  by  backwater  from  Chenango  River  at  ordinary  stages. 
The  bench  mark  is  a  chiseled  draft  on  the  corner  of  the  left  bridge 
abutment,  on  the  upstream  side.  Its  elevation  is  23.71  feet  above  gage 
datum.  The  gage  is  read  twice  each  day  by  E.  F.  Weeks.  All  records 
and  estimates  for  this  station  for  years  prior  to  1905  have  been  revised 
and  republished  in  Water-Supply  Paper  No.  109. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  nieaguremerUs  of  Susquehxinna  River  at  Biixghamton,  N.  Y.,  inl904' 


Date. 


March  8 . 
March  12 
April  8.. 
July  13.. 


Hydropra 


C.  C.  Covert 

do I  2,846 

R.  E.  Horton ,  2,524 

C.  C.  Covert 


September  10  . .  1 do 


November  21  ..    H.  R.  Beebe 


Area  of 
section. 

Sq./eet. 

Mean 
velocity. 

Gage 
height. 

Ft.  per  sec. 

I^et. 

3,975 

3.58 

tfll.24 

2,846 

2.60 

07.90 

2,524 

4.50 

6.94 

1      736 

1.07 

2.04 

825 

1.29 

2.13 

1,011 

2.64 

2.86 

Discharge. 

Second-feet. 
14,254 

7,400 

11, 118 

786 

1,061 

2,674 


olce  gorge  causes  backwater. 
Mean  daily  gage  height^  in  feet,  of  Sunquehamm.  River  al  Binghamton,  N.  Y,,for  1904' 


Day. 


Jan.  I  Feb. 


1 3.28 

2 3.86 

3 a  3. 42 


4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12-. 
13.. 
14.. 
15.. 
16.. 


3.88 
3.52 
o.  08 
3.30 
8.28 
3.15 
3.20 
3.10 
2.98 
2.78 
2. 72 
2.85 
3.05 


3.67 
3.40 
3.59 
3.67 
3.55 
3.15 
4.42 
10. 49 
11.92 
10.85 
8.62 
7. 15 
6.03 
5. 27 
4.77 
6.12 


Mar. 


3.67 

7.72 

8.29 

9.02 

3.92 

8  00 

ft  6. 65 

6.95 

8.48 

6.20 

7.68 

6.15 

7.52  !  6.35 

11.40  I  6.98 

13.62  '  7.14 

I 


12.25 

8.74 

9.80 

8.24 

8.02 

6.94 

6.88 

6.09 

6.08 

5.51 

5.30 

4.97 

4.76 

4. 61 

4.28 

4.49 

May. 

June. 
2.46 

July. 

Aug. 

Sept. 
2.28 

1 

Oct.  i  Nov. 

Dec. 

5.06 

2.02 

2.40 

4.12 

3.06 

2.98 

4.53 

2.48 

1.99 

2.36 

2.25  1  3.36  '  3.00 

2.82 

4.08 

2.38 

2.14 

2.98 

2.28 

2.90 

2.92 

2.86 

3.68 

2.36 

2.14 

2.95 

2.28 

2.80  1  2.88 

2.70 

3.51 

2.38 

2.06 

2.60 

2.20 

2.68     2.82 

2.86 

3.33 

2.41 

2.09 

8.52 

2.22 

2.62     2.80 

2.68 

3.13 

2.46 

2.01 

8.40 

2.28 

2.62     2.92 

2.68 

2.98 

2.  .57 

2.04 

2.72 

2.22 

2.52     2.90 

2.60 

2.86     3.67 

2.04 

2.50 

2.22 

2.45     2.80 

2.60 

2. 80     4.  -28 

2.04 

2.38 

2.20 

2.42 

2.75 

2.68 

2.69     3.43 

2.04 

2.50 

2.18 

2.40 

2.75 

2.58 

2.65  1  2.93 

1.99 

2.45 

2.18 

2.88     2.75 

2.98 

2.65 

2.65 

2.04 

2.30 

2.20 

5.60  '  2.70 

2.50 

2.49 

2.50 

2.02 

2.22 

2.15 

4. 68     2. 70 

2.68 

2.59 

2.43 

1.95 

2.20 

3.00 

3.65  1  2.68 

2.58 

3.22 

2. 45 

1.92 

2.28 

3.10 

3.45     2.70 

2.58 

3.45 

2.3:^ 

2.a5 

2.22 

2.82 

2. 95 

2.78 

2.<i0 

17 2.85    ^6.85 

a  Anchor  ice.    January  6,  river  frozen  nearly  acrow. 

fr  Heavy  anchor  ice.    River  frozen  over  2,000  feet  downstream  from  junction  of  the  two  rivers. 
Ice  gorge  causes  backwater  March  4-15. 
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Meaji  daily  gage  heighty  infeety  of  Siis([uehanmi  Rirer  at  BinghanUonj  N.  Y^yjor  1904— 

Continued. 


Day. 


18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

3.00 
2.98 
8.08 
3.80 
2.78 
7.02 
7.82 
«8.27 
6.86 
5.95 
5.26 
4.42 
4.27 
3.89 


Feb. 

6.07 
5.67 
5.22 
4.?2 
4. 52 
4.92 
5.72 
5.52 
4.67 
4.19 
3.75 
3.67 


Mar. 

3.85 

3.55 

3.92 

4. 45 

4.30 

7.42 

11.40 

12. 12 

15.92 

15. 70 

12.62 

8.50 

6.90 

6.72 


Apr. 

4.39 
4.49 
4.37 
1.17 
3.97 
3.97 
3.77 
3.79 
3.96 
3.93 

6.36 
5.63 


May.  June. 


3.17 
2.92 
3.22 
3.a5 
2.75 
2.67 
2.59 
2. 62 
2.52 
2.49 
2.45 
2.36 
2.36 
2.36 


2.33 
2. '23 
2.17 
2.20 
2.13 
2.14 
2.09 
2,06 
2.02 
1.99 
1.99 
2.04 
1.99 


July. 

Aug 

2.28 

2.18 

2.10 

2. 18 

2.05 

2.22 

1.98 

2.90 

2.00 

3.18 

1.98 

4.55 

2.00 

4.20 

2.02 

3.38 

2.02 

2.92 

2.06 

2.78 

2.62 

2.63 

2.58 

2.48 

3.12 

2.38 

2.65 

2.35 

aC'urrent  of  Htream  very  sluggish. 


h  Backwater  from  Chenango  River. 


Rating  table  for  Susquehanna  River  at  Binghamtorif  N,  Y.^for  1901  U)  1904,  indiuiirr. 


Gage 
height. 

Fret. 

1.76 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 

3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 


Dim!harge. 

Second-fed 

210 

315 

525 

740 

960 

1,180 

1,400 

1,625 

1,855 

2,085 

2, 315 

2,545 

2,  785 

3, 025 

3,26,5 

3, 505 

3,755 

4,oa5 

4, 255 
4, 505 

4,  755 

5,  (K)5 


Gage 
height. 


Feet 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 


Discharge. 

Second-fed. 
5,255 


5 
5 
6 
6 
6 
6 
7 
7 
7 
7 
8 
8 

10 
10 
11 
12 

12 
13 
13 
14 


510 
770 
030 
300 
570 
845 
125 
405 
690 
980 
280 
880 
495 
120 
760 
400 
040 
680 
320 
960 
(>()0 


Gage 
height. 


Fed, 

7.2 

7.4 

7.6 

7.8 

8.0 

8.2 

8.4 

8.6 

8.8 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.2 

10.4 

10.6 

10.8 

11.0 

11.2 

11.4 


Discharge. 


Second-fed. 
15,260 
15,920 
16, 590 
17, 270 
17,950 
18,650 
19,350 
20,060 
20,780 
21,500 
22,  220 
22,940 
23,660 
24, 380 
25, 100 
25, 820  , 
26,540 
27,260 
27, 980 
28,700 
29, 420 
30, 140 


Gage 
height. 


Pischar]ge. 


I 


Feet. 
11.6 
11.8 
12.0 
12.2 
12.4 
12. 6 
12.8 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 

20. 0 


Scconti-jfft 
30,860 
31,580 
32,300 
33,020 
33,740 
34,470 
35, 210 
35,950 
37,820 
39,720 
41,650 
43,600 
45, 550 
47, 500 
49, 500 
51,500 
53,500 
55, 5<X1 
57, 5lX) 
59, 500 
61,5lX> 
6,'{,  50() 
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^fe/ln  daily  dMiarg^^  in  second-feet ^  of  Susquehanna  River  at   Binghamton,   N.    K, 

for  2904. 


Day 


Jan. 


1 1  3,705 

2 3,880 

3 4,055 

4 1  5,205 

5 4,305 

6 4,455 

7 3,756 

8 1  3,705 


Feb. 

Mar. 

4,680 

4,430 

4,006 

3,ri0 

4,480 

5,305 

4,6H0 

G,740 

9 


3,385 


10 3,5a5 

11 1  3,265 

12 2,977 

l:l 2,499 

14 1  2,361 

15 2,605 

16 1  3.145 

17 2,665 

1« 3,025 

19 1  2,977 

20 3,217 

21 6,005 

22 2,499 

23 '  14,666 

21 17.338 

2'» 18,895 

2.» I  14,1-20 

27 11,240 


28 
29 
30 

:n 


9,030 
6,624 
6,219 
5,230 


Apr.      May. 


4,380 

3,385 

6,624 

'26,864 

32,012 

28,160 

20,132 

15,096 

11,688 

9,092 

7,603 

11,784 

14,120 

11.624 

10,344 

K,940 

7,461 

6,901 

8,040 

10.504 

9,867 

7,321 

6,004 

4,880 

4,680 


9,815 

8.110 

10,100 

15,070 

19,100 

16,600 

12,190 

8,970 

7,140 

5,860 

5,000 

7,546 

6,300 

5,130 

4,380 

5, 30) 

6,7a"> 

6,300 

15, 920 

30,140 

32,660 

47,110 

46,330 

34,470 

19,700 

11,280 

13,640 


16,990  8.430 

21,500  I  6,986 

17.950  5,770 

14,440  i  4,705 

12,040  I  4,280 


11,880 

12, 520 

14,600 

16,095 

20,600 

18,825 

14,440 

11,720 

9,805 

8,130 

7,125 

6.845 

6,570 

6,845 

6,435 

5,900 

5.432 

5,432 

4,930 

4,980 

5,406 

5,330 

5,080 

12,520 

10,280 


3.830 
3,337 
2,977 
2,689 
2,545 
2,292 
2,200 
2,200 
1,832 
2,062 
3,565 
4,130 
3,433 
2,833 
3, 555 
3, 145 
2, 430 
2,246 
2,062 
2, 131 
1,901 
1,832 
1,740 
1,632 
1,632 
1.682 


June. 

1,763 

1,809 

1,579 

1,532 

1,579 

1,(V4K 

1.763 

2,016 

4,680 

6,165 

4,080 

2,857 

2,200 

1,8.^6 

1,694 

1,740 

1,466 

1,466 

1,246 

1,114 

1,180 

1,026 

1,048 

938 

872 

784 

718 

718 

828 

718 


July. 

7SI 

718 

1.048 

1.048 

872 

9iS 

828 

828 

828 

828 

828 

718 

828 

784 

630 

567 

850 

1,856 

96a 

850 

696 

740 

696 

740 

784 

784 

850 

1,901 

2.039 

3,313 

2,200 


Aug. 

Sept. 

1,625 

1,356 

1,510 

1,290 

2,977 

1,356 

2,906 

1.366 

2,085 

1,180 

4,306 

1,224 

4,006 

1,356 

2,361 

1,224 

1,855 

1,224 

1,679 

1,180 

1,856 

1,136 

1,740 

1,186 

1,400 

1,180 

1,2M 

1,070 

1,180 

3,025 

1,356 

3,265 

1,224 

2.593 

1,136 

1,970 

1.136 

1,671 

1.224 

1,510 

2,785 

1,400 

3,467 

1,400 

6,985 

1,356 

6,080 

1,186 

3,955 

4,805 

2,833 

3,680 

2,499 

3.555 

2,154 

2,663 

1,809 

2,200 

1.579 

2.545 

1,510 

Note.— On  account  of  backwater  from  Chenango  River  and  ice  gorges,  the  dlBChaiges 
to  15  and  on  April  28  are  uncertain,  and  are  only  estimates. 


Oct. 

Nov. 

_ 

8,217 

Dec. 

6,770 

2,977 

3,880 

3,025 

2,693 

2,785 

2,838 

2,665 

2,646 

2,787 

2,815 

2,269 

2,598 

2,665 

2.181 

2,545 

2,269 

2,181 

2,833 

2,269 

1,901 

2,786 

2,065 

1,740 

2,646 

2,085 

1,671 

2,480 

2,209 

1,625 

2,430 

2,039 

2,737 

2,480 

2,9n 

10,120 

2,315 

1,866 

7.405 

2.315 

2,039 

4,630 

2,269 

2,039 

4.130 

2,315 

2,039 

2,906 

2,499 

2,065 

2,545 

2,430 

1,809 

2,315 

2,200 

2,085 

2,181 

2,200 

1,625 

11,240 

2,593 

1,740 

16,260 

4.466 

2,099 

14,440 

4,806 

1.6';6 

9,186 

4,380 

1,970 

6,570 

3,956 

8,2J7 

6,670 

8,806 

8,885 

6,436 

3,457 

4,006 

5,805 

2,785 

20.780 

4.630 

2,499 

28,660 

4,056 

2,787 

14,765 

8,467 

9,034 

haiges 

fromM 

arch  4 
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[SCO.  lag. 


EgtimcUed  monthly  discharge  of  Susquehanna  River  at  Binghamtonj  N.  F.,  for  1904, 

[Drainage  area,  2,400  square  milem.] 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


18,895 

32, 012 

47, 110 

21,500 

8,430 

6,165 

3,313 

6,985 

4,305 

16,250 

4,805 

23,660 


47, 110 


Minimmn. 


2,361 

3,385 

3,730 

4,930 

1,532 

718 

567 

1,136 

1,070 

1,625 

'  2,200 

1,625 


567 


Mean. 


5,270 


5,794 

10,530 

14, 010 

10,650 

3,088 

1,769 

1,027 

2,396 

1,850 

5,016 

2,881 

4,226 


Run-off. 


Second-feet 

per  sanare 

mile. 


I 


2.41 
4.39 
5.84 
4.44 
1.29 

TO*" 

.  tot 
.428 
.998 
.770 
2.09 
1.20 
1.76 

2.20 


Depth  iu 
inche* 


2.78 
4.78 
6.73 
4.96 
1.49 
.S22 

.im 

1.151 
.859 
2.41 
1.34 
2.03 


29.  7S 


SUSQUEHANNA   RIVER  AT   WILKESBARRE,  PA. 

This  gaging  station  was  established  by  E.  G.  Paul,  March  30,  ISIM^. 
The  standard  chain  gage  is  attached  to  the  upstream  side  of  the  left 
span  of  Market  Street  Bridge.  The  length  of  the  chain  from  the  end 
of  the  weight  to  the  marker  is  40.83  feet.  The  bench  mark  is  the 
extreme  west  end  of  the  stone  doorsill  of  the  north  entrance  to  the 
Coal  Exchange  Building.  Its  elevation  is  32.99  feet  above  gage 
datum. 

The  Weather  Bureau  has  maintained  a  gage  and  has  records  for  this 
locality  since  1888.  The  datum  of  that  Bureau's  gage,  which  was 
attached  to  the  left-hand  pier,  was  at  the  bottom  of  the  dressed-stone 
portion  of  the  pier,  at  an  elevation  reported  to  be  535  feet  above  sea 
level.  During  low  stages  of  the  river  the  water  recedes  from  the  pier, 
rendering  it  impracticable  to  read  this  gage.  On  account  of  the  low 
water,  which  in  1897  had  gone  below  the  city  datum,  it  was  decided 
to  put  the  zero  of  the  new  gage  4  feet  below  the  zero  of  the  old 
Weather  Bureau  gage,  so  as  to  obviate  minus  readings.  In  order, 
therefore,  to  compare  with  former  records  it  is  necessary  to  add  4  feet 
to  the  old  figures.  The  danger  mark  of  this  Weather  Bureau  gage  is 
at  14  feet  (or  18  feet  on  new  gage),  as  at  this  elevation  the  we^st  bank 
of  the  river  is  under  water  in  places. 

Discharge  measurements  are  made  from  the  downstream  side  of  the 
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bridge,  which  has  a  total  npan  of  700  feet  between  abutments.  The 
initial  point  for  soundings  is  at  the  end  of  the  iron  hand  rail  on  the 
left  bank,  downstream  side.  The  channel  is  straight  for  about  one- 
fourth  mile  above  and  below  the  station.  There  is  a  bar  across  the 
river  about  one-half  mile  above  the  station,  and  another  at  about  the 
same  distance  below,  with  deep  water  between  these  two  points. 
The  current  is  sluggish  at  low  stages.  The  right  bank  is  low  and 
overflows  at  a  gage  height  of  about  20  feet.  The  left  bank  is  above 
ordinary  floods.  The  bed  of  the  stream  is  composed  of  sand  and 
gravel,  and  is  somewhat  shifting.  There  is  but  one  channel,  broken 
by  three  bridge  piers.  A  few  willows  grow  under  the  right  span. 
During  low  water,  measurements  have  been  made  by  wading  at  a  bet- 
ter cross  section,  at  Retreat,  10  miles  below  Wilkesbarre.  The  Market 
Street  Bridge  is  at  such  an  elevation  above  the  river  bed  that  65  feet 
of  cable  is  needed  to  sound  across  the  section. 

Since  the  establishment  of  this  station  the  recorded  gage  height  has 
had  a  maximum  range  of  28.5  feet,  and  the  estimated  discharge  has 
been  between  the  extremes  of  146,800  and  1,000  cubic  feet  per  second. 
All  records  and  estimates  for  this  station  for  years  prior  to  1905  have 
been  revised  and  republished  in  Water-Supply  Paper  No.  109.  The 
gage  is  read  once  each  day  by  W.  S.  Bennett,  the  bridge  keeper. 

Observations  of  fluctuations  of  Susquehanna  River  are  made  by  the 
Weather  Bureau  above  Wilkesbarre,  at  Towanda,  Pa.,  where  the 
drainage  area  is  estimated  to  be  8,000  square  miles.  The  river  gage, 
made  of  iron,  1  foot  wide  and  one-half  inch  thick,  is  on  the  east  side 
of  the  road  bridge  over  Susquehanna  River,  and  is  securely  bolted  to 
the  masonry  of  the  pier.  The  graduation  is  from  0  to  25  feet.  The 
highest  water  was  29  feet,  in  March,  1869,  and  the  lowest,  —0.1  foot,  in 
October,  1895;  the  danger  line  is  at  16  feet.  The  elevation  of  the 
zero  is  633.7  feet  above  sea  level. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  meainiremeyils  of  Susquehanna  River  at  Wilkesbarrey  Pa.,  in  1904. 


Date. 


Hydrographer. 


Area  of 
section. 


1  .SV;.  fed. 

July  20 ,  N.C.  Grover 3,864 

July  21« do 4,077 

September  15  .  J  John  C.  Hoyt 3, 670 

Octoberl do '  4,220 

November  5  . . . '  H.  D.  Comstock 4, 218 

November  7 do 4,057 


Mean 
velocity. 


Ft.  per  (tec. 
1.13 
1.15 
.96 
1.44 
1.47 
1.39 


GsLge 
height. 


fyrt. 
4.05 
4.20 
3.70 
4.75 
4.61 
4.49 


Dis- 
charge. 


Second-fl. 
4,382 
4,680 
3,540 
6,090 
6,189 
5,660 


o  Measured  at  PitL^ton. 
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(so.I3£- 


Mean  daily  gage  Iieight,  in  feet ^  of  Susquehanna  River  at  Wilkesfxirre,  Pa.,  for  1904* 


Day 


9.00 
8.90 
8.50 
7.20 

6.  no 
6,70 
7.20 
7. 2  J 
7.30 
7.40 
7.30 
7.10 

7.  CO 
7.00 
6.70 
6.40 
6.20 
6.00 

05.90 

5.60 

i5.60 

6.00 

12.70 

il8.20 

13:50 

fcll.60 

frlO.lO 

28 1   fc9.00 

29 1   fc8.20 

30 1   fc9.20 

31 '    13.90 


1. 

o 

«. . 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 


Jan. 


Feb. 


14.00 

,    13.00 

,    12.80 

I    11.60 

i    11.00 

'^10.90 

11.60 

'<'21.70 

'    25.80 

24.60 

23.80 

22.00 

I    20.30 

1/18.00 

'    17.00 

'    16.70 

14.70 

12.90 

12.60 

A  12. 90 

12.70 

12.90 

13.70 

12.80 

12.70 

12.60 

12.00 

12.00 

11.50 


Mar.   I  Apr.     May. 


10.80  I 
10.90 
11.50 
16.50 
«« 18.20  I 
17.20 
17.90  I 
25.20  ! 
d30.60  I 
26.60 
21.00  I 
«'22.00  ' 
f 19.30  ' 
el7.40  ^ 
el5.90 
C14.90  , 
«14.00  , 
<'13.00 
«12.50 
12.80  I 
13.60 
10.50  ' 
9.70  I 
16.90 
16.90  I 
20.40  I 
22.90  I 
22.70  j 
18.40 
14.20 
11.70 


12.00 
15.10 
15. 80 
14.00 
12.00 
10.70  ' 
10. 2  J  ' 
10.6)  , 
11.00 
11.70  , 
16.2)  I 
14.30  I 
12.10 
10.80  I 
9.70  ' 
8.90  I 
8.30  ' 
8.00  ! 
7.90  ■■ 
7.90  I 
7.80  I 
7.40  I 
7.10  1 
7.10  ! 
7.00  I 
6.90  ' 
7.20  ; 
7.90 
12.40 
12.80  I 


11.50 
10.50 
9.40 
8.40 
7.60 
7.00 
6.70 

6.ao 

6.00 
5.70 
5.50 
5.20 
5.00 
4.80 
4.80 
6.10 
8.00 
7.90 
7.10 
11.20 
10.20 
8.50 
7.30 
6.50 
6.50 
6.70 
6.50 
5.90 
6.00 
5.50 
5.30 


June.  I  July. 


5.70 
7.40 
7.00 
6.40 
6.00 
9.10 
7.40 
6.40 
&60 
11.60 
10.90 
8.50 
7.10 
6.20 
5.60 
5.20 
5.10 
5.60 
4.80 
4.50 
4.30 
4.10 
4.80 
4.00 
3.90 
3.80 
3.70 
3.50 
3.50 
3.40 


S.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.60 
3.70 
4.20 
3.80 
8.70 
4.10 
4.50 
4.20 
3.90 
3.80 
3.60 
3.90 
3.60 
3.70 
4.20 
3.80 
3.50 
3.40 
3.30 
3.40 
3.70 
3.60 
3.60 
3.80 
4.10 


Aug. 

4.80 
4.40 
4.20 
4.30 
5.30 
5.00 
4.40 
4.60 
5.00 
4.40 
4.60 
4.00 
3.90 
3.80 
3.60 
3.50 
3.40 
3.90 
3.30 
3.20 
3.20 
3.30 
8.70 
4.90 
6.40 
5.80 
5.30 
4.60 
4.30 
4.10 
3.90 


Sept.      Oct. 


3.70 
3.60 
3.50 
3.40 
3.40 
3.30 
3.30 
8.30 
3.50 
3.50 
3.30 
3.30 
3.20 
3.10 
8.60 
5.50 
4.30 
4.80 
4.40 
4.10 
3.80 
3.60 
3.40 
3.40 
3.40 
4.00 
.5.40 
5.30 
5.2) 
4.70 


4.80 
5.40 
5.90 
5.20 
^.70 
4.50 
4.83 
4.00 
4.00 
3.90 
3.80 
8.80 
8.90 
7.00 
8.80 
6.90 
6.00 
5.50 
5.10 
4.80 
5.00 
8.00 
10.20 
10.20 
8.80 
7.40 
6.90 
6.70 
6.40 
6.00 
5.90 


Not.  .  Dec. 


5.80 
5.10 
4.90 
4.80 
4.60 
4.50 
4.5U 

4.59 
4.50 
4.40 
4.40 
4.30 
4.20 
4.80 
4.80 
4.30 
4.40 
4.80 
4.80 
4.30 
4.60 
4.60 
5.80 
5.50 
6.20 
5.00 
4.80 
4.20 
4.20 


4.» 
1!« 
f3> 
4  2' 

13D 

3.3c 

3  1« 

xs 

3.x 
3.3} 
3» 
130 
3l30 
S.3P 

i^i 

S.4C 

S.a) 
Itio 

3.30 
3.50 
10.00 
U^5 
13.30 
10.  JD 


alee  still  unbroken. 

b  Closed  with  anchor  ice  as  far  up  &»  Ransom. 

€•  Ii-e  siarted  at  5.15  p.  m.:  moved  until  Februa  y  10,  12  m.    Gorged  below  city. 
d  HiKhest  gage  reading  30.60. 
''Still  gorged. 

/  lee  blocked  a.s  far  as  Tunkhann(x;k,  Pa. 

aU'i"  started  at  Pittston  at  1.30  p.  ra.,  at  WHkesbarre,  2  p.  m.    River  closed  December  10  to  2<. 
inclu.sive. 
ft  Ice  blocked  at*  far  as  Uiceyville.  Pa. 
i  12  midnight,  ice  still  running:  Ntream  nearly  full. 
J  River  full  of  running  ice  all  day;  10  p.  m.,  very  little  ice  running. 
*  Anchor  ice. 
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Itating  tabUfor  Sti»quehanna  River  at  Wilkesbarre^  Pa.  ^  from  March  SO^  1899 y  to  Decern- 

Iter  SI,  1904. 


Gage 
lieight. 

I\^et. 

Diochaigc. 

'     Gage 
1   height. 

Discharge. 

1 

Gage 
height. 

DiBcharge. 
Second-feet. 

Gage 
height. 

FM. 

Discharge. 
Second-feet. 

Second-/eet. 

1 

Feet. 

Second-feet. 

Feet. 

2.0 

620 

4.3 

5,070 

6.6 

13,170 

9.8 

28,200 

2.1 

720 

4.4 

5, 340 

1       6.7 

13,590     ■ 

10.0 

29,200 

2.2 

820    ; 

4.5 

5,620     I 

6.8    - 

14,010 

10.2 

30,100 

2.3 

930 

4.6 

5,910 

6.9 

14,440 

10.4 

31,100 

2.4 

1,050 

4.7 

6,210 

7.0 

14, 870 

10.6 

32,100 

2.5 

1,180  ; 

4.8 

6,520    i 

7.1 

15.300 

10.8 

33,000 

2.6 

1,320    i 

4.9 

6,a'K) 

7.2 

15,730 

11.0 

34,000 

2.7 

1,470 

5.0 

7, 150 

7.3 

16,160 

11.2 

35,000 

2.8 

1,630 

5.1 

7,470 

7.4 

16,600 

11.4 

36,000 

2.9 

1,810 

5.2 

7,800 

7.5 

17,040 

11.6 

37,000 

3.0 

2,000 

5.3 

8,140 

7.6 

17,490    ' 

11.8 

37,900 

3.1 

2,200 

5.4 

8,490 

7.7 

17,950    . 

12.0 

38,900 

3.2 

2,410 

5.5 

8,850 

7.8 

18,420 

12.2 

39,900 

3.3 

2,620 

5.6 

9,210 

7.9 

18,900 

12.4 

40,800 

3.4 

2,840 

5.7 

9,580 

8.0 

19,380 

12.6 

41,800 

3.5 

3,070 

5.8 

9,950 

8.2 

20,360    ' 

12.8 

42,800 

3.6 

3,300 

5.9 

10,330 

8.4 

21,340 

13.0 

43,700 

3.7 

3,540 

6.0 

10,720 

8.6 

22,320 

13.2 

44,700 

3.8 

3,780 

6.1 

11,120 

8.8 

23,300 

13.4 

45,700 

3.9 

4,030 

6.2 

11,520 

9.0 

24,300 

13.6 

46,700 

4.0 

4,280 

6.3 

11,930    ! 

9.2 

25,300 

13.8 

47,600 

4.1 

4,540 

6.4 

12,340 

9.4 

26,200 

14.0 

48,600 

4.2 

4,800 

6.5 

1 

12,750 

1 

9.6 

27,200 

Table  baseil  on  discharge  measurements  of  1899,  1900,  1901,  1902,  1903,  and  1904. 
Well  defined  between  2  feet  gage  height  and  19  feet  gage  height.  Tangent  at  8.80 
f<5et  gage  height  with  a  difference  of  500  per  tenth.     Table  applied  to  tenths. 
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fS4i.  i:ie. 


Mean  daily  discharge^  in  second-feet,  of  Susquehanna  River  ai  WUkesbarre,  Pa. ,  /or  I'jf, 


Day. 


Jan. 


1 1  24,800 

2 23,800 

3 21,830 

4 '  15,7:% 

5 1  12,750 

6 13,590 

7 '  15,730 

8 '  15,730 

9 1  16,160 

10 1  16,600 

11 16,160 

12 j  15,300 

13 1  14,870 

14 ,  14,870 

15 13,590 

16 '  12,340 


17. 
18. 


20. 
21. 
22. 
23. 
24. 
23. 
26. 
27. 
28. 
29. 
30. 
31. 


11,520 
10,720 
19 :.'•   10,330 


9,210| 
9,210 
10. 720 
42, 300 
79,600 
46,200 
37, 000 
29,600 
24,300 
20,360 
25,300 
48,100 


P>om  February  8  to  March  19,  1904,  dischai^es  reduced  50  per  cent  on  account  of 
ice  gorge. 
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Estimated  moTUhly  discharge  of  SusqueJuinna  River  at  WUkesfmrrey  Pa. ,  for  1904* 

[Drainage  area,  9,810  square  milsB.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  seoond-feet. 


Maximum.     Minimum. 


79,600 
75, 100 
123,400 
63,900 
36,500 
37,000 

5,620 
12,340 

8,850 
30,100 

8,850 
47, 850 


Mean. 


Run-off. 


9,210 

18,350  I 

16,600 

14, 440 

6,520 

2,840 

2,620 

2,410 

2,200 

3,  780 

4,800 

2,200 


21,860 

35,  720 

52, 530 

31, 290 

15,750 

11,180 

3,636 

5,194 

4,119 

11,260 

5, 972 

7,660 


123, 400 


2, 200         17, 180 


Se<iond-£eet 

per  aauarc 

mile. 


2.23 
3.64 
5.34 
3.19 
1.61 
1.14 
.371 
.529 
.420 
1.15 
.609 
.781 


Depth  in 
inches. 


2.57 
3.92 
6.16 
3.56 
1.86 
1.27 
.428 
.610 
.469 
1.33 
.679 
.900 


1.75 


23.  76 


SUSQUEHANNA   RIVER  AT  DANVILLE,  PA. 

This  station,  52  miles  below  Wilkesbarre  and  11  miles  above  the 
mouth  of  the  West  Branch,  was  established  on  March  25,  1899,  by 
E.  G.  Paul.  It  is  located  at  Mill  Street  Bridge,  600  feet  south  of  the 
public  square,  Danville,  Pa.,  near  the  Pennsylvania  Railroad  station. 
South  Danville. 

On  March  9,  1904,  this  bridge  was  carried  away  in  the  ice  freshet, 
and  from  that  date  until  the  water  dropped  below  gage  height,  5  feet^ 
its  stage  was  observed  on  the  Weather-Bureau  gage,  which  is  painted 
on  the  pier  nearest  the  right  bank.  After  the  water  fell  below  5  feet, 
until  September  30,  its  stage  was  observed  approximately  by  means  of 
temporary  gages,  which  were  placed  in  position  by  the  gage  reader, 
near  the  pumping  station  on  the  right  bank.  These  were  usually  set 
b^'  means  of  a  carpenter's  level  and  at  times  were  considerabl}^  in  error. 

It  is  expected  that  the  new  steel  bridge  will  be  in  such  condition 
that  the  chain  gage  may  be  replaced  earl}'^  in  1905.  The  total  span 
is  about  1,300  feet,  broken  by  six  bridge  piers,  which  do  not  obstruct 
the  flow  to  any  considerable  extent.  The  channel  is  straight  for  about 
one-half  mile  above  and  below  the  station.  The  right  bank  is  lia])le  to 
overflow  in  extreme  freshets.  The  bed  is  rocky,  with  some  gravel, 
and  is  permanent.     The  current  is  good,  except  at  extreme  low  water. 

Since  the  establishment  of  the  gage  the  record  shows  a  range  in 
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gage  height  of  nearly  25  feet,  and  the  extremes  of  high  and  low  waUT 
within  that  period  are  estimated  at  163,000  and  830  cubic  feet  per 
second,  respectively.  The  bench  mark  is  the  extreme  south  end  of  the 
stone  doorsill  at  the  east  entrance  to  the  cit}'  filtering  plant.  IL^ 
elevation  is  31.7  feet  above  gage  datum.  All  recoixis  and  estimate.s  for 
this  station  for  years  prior  to  1905  have  been  revised  and  republished 
in  Water-Supply  Paper  No.  109. 

Observations  at  this  station  during  1904  have  been  under  the  direc- 
tion of  N.  C.  Grover,  district  hydrographer. 

Mean  4aily  gage  height^  in  feet,  of  SusquehaniM  River  at  DanmUe,  Pa.,  for  1904. 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

(°) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 
(a) 

(«) 

(«) 

(«) 
(a) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

C^) 

<«) 
M9.85 

<-24.00 

23.25 

19.85 

17.90 

16.00 

15. 55 

15.05 


Feb. 


14.70 
14.10 
13.30 
12.70 
12.10 
11.70 
11.50 
13.10 
d20.00 
^23. 86 
21.25 
19.50 
18.ft5 
16.90 
15. 40 
/13.90 
13.00 
12.40 
11.00 
10.60 
11.20 
12.30 
12.30 
12.40 
12.00 
11.70 
11.70 
11.40 
11.10 


Mar. 


11.40 
11.30 
11.80 

(;12.90 
13.80 
16.00 
17.25 
19. 95 

A24.00 


Apr. 


14. 2.') 
13.80 
13. 35 
12. 55 
11.75 


11.06 
10.85 
10.60 
10.40 
10.40 
9.70 
9.30 
8.80 
8.20 
7.90 
7.40 
6.80 
6.30 
6.10 
5.80 
5.40 
5.00 
4.70 
4.30 
4.10 
4.00 
3.70 
3.50 
3.30 
3.30 
3.20 
3.00 
4.20 
5.30 
6.90 


May 


8.10 
8.00 
7.50 
6.40 
5.30 
4.20 
3.70 
3.60 
3.60 
3.40 
3.30 
3.30 
3.20 
3.10 
2.90 
2.70 
3.90 
4.50 
6.30 
6.90 
7.20 
6.30 
4.90 
4.40 
4.10 
4.70 
4.40 
3.90 
3.70 
3.70 
3.90 


June. 


4.00 
4.20 
4.70 
4.20 
4.70 
6.10 
5.50 
4.70 
4.30 
4.90 
7.10 
6.20 
4.80 
4.70 
4,50 
4.30 
4.00 
3.70 
3.30 
3.00 
2.80 
2.60 
2.60 
2.50 
2.50 


Aug.  I  Sept. 


2.00 
2.00 
1.90 
1.90 
1.80 
2. '40 
2.30 
2.10 
2.10 
2.00 
1.90 
1,93 
2.00 
2.40 
2.60 
2.20 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.90 
2.00 
1.80 


2.30 

1.70 

2.20 

l.oO 

2.20 

1.80 

2.10 

1.80 

2.10 

2.00 

2.20 

2.40 
2.50 
2.50 
2.70 
2.90 
2.50 
2.40 
2.70 
2.90 
2.40 
1.90 
1.70 
1.70 
1.60 
1.60 
1.50 
1.40 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.80 
2.40 
2.90 
2.60 
2..'i0 
2.30 
2.00 
1.90 


1.90 
1.90 
1.80 
1.70 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.60 
1.90 
2.20 
1.90 
1.70 
1.60 
1.50 
1.50 
1.90 
2.40 
2.90 
2.30 
2.00 
2.20 
2.70 
2.10 
2.40 


Oct. 

Nov. 

iJrf. 

1 

1 

i 

1 

1 

1 

1 

1 

1 

■ 

1 

«  River  frozen. 

bThe  ice  started  at  11.30  a.  in. 

cThe  ice  K'»rge<l  1  p.  m. 

rfThe  river  is  still  frozen  over. 

'  Tlu*  ice  hn)ke  and  ^or^ed  and  left  an  open  place  by  the  bridge. 

/The  ice  is  still  gorged  in  the  river. 

ff  The  ice  gorge  is  still  in  the  river  above  and  below  town. 

''The  ice  started  at  4  o'clcn-k  and  the  water  backed  up  to  29  feet. 

Note.— The  gage  heights  for  1904  are  somewhat  uncertain,  therefore  no  estimates  of  flow  have  N**  < 
made. 
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SUSQUEHANNA   RIVER   AT   HARRI8BURO,  PA. 

In  1890  regular  daily  observations  of  the  stage  of  Susquehanna  River 
at  Harrisburg  were  started  by  E.  Mather,  president  of  the  Harrisburg 
Water  Board.  These  observations  have  been  continued  since  that 
time,  and  have  been  furnished  to  the  United  States  Geolgical  Survey 
through  the  courtesy  of  Mr.  Mather. 

The  gage  is  located  in  the  pump  well  at  the  pump  house  of  the  city 
waterworks,  the  well  being  connected  with  the  river  by  two  large 
mains.  The  datum  of  the  gage  is  the  low-water  mark  of  1803,  and  is 
marked  on  a  large,  sloping  rock,  about  40  feet  from  the  left  bank  at  low 
water  and  about  halfway  between  the  Walnut  Street  Bridge  and  the 
pumping  station.  The  original  readings  are  taken  in  feet  and  inches, 
and  for  convenience  in  computations  have  been  reduced  to  feet  and 
tenths. 

The  first  discharge  measurement  was  made  at  this  station  in  March, 
1897,  by  Mr.  E.  G.  Paul,  and  measurements  have  been  made  here  by 
engineers  of  the  United  States  Geological  Survey  since  that  date.  The 
measuring  section  is  at  the  lower  side  of  the  Walnut  street  toll  bridge, 
at  which  point  the  river  is  divided  into  two  channels  by  Fosters 
Island,  which  is  here  about  1,200  feet  wide.  This  island  has  low  and 
sloping  banks,  and  during  extreme  floods  is  completely  overflowed. 

At  ordinary  stages  the  left  channel  is  1,350  feet  wide,  broken  by 
six  bridge  piers;  the  right  channel  is  1,300  feet  wide,  broken  by  seven 
piers.  The  banks  of  the  river  are  high.  The  bed  is  composed  of  hard 
material  and  is  permanent,  except  in  the  spans  adjacent  to  the  island. 
The  velocity  never  becomes  too  sluggish  to  measure.  The  initial  point 
for  soundings  is  the  upright  at  the  end  of  the  handrail  on  the  down- 
stream side  at  the  left  bank. 

During  the  spring  and  summer  of  1903  a  new  bridge  was  built  across 
Susquehanna  River  at  Market  street,  which  is  about  1,200  feet  below 
the  gaging  station.  The  piers  of  this  new  bridge  obstruct  the  channel 
of  the  river  by  between  10  and  15  per  cent  of  the  total  cross  section. 
In  the  latter  part  of  1903  and  early  in  1904  the  old  piei-s  on  this  site 
were  removed,  so  that  the  river  channel  was  left  in  such  condition 
that  the  effect  on  the  stage  of  the  river  at  Walnut  Street  Bridge 
remained  practically  unchanged. 

In  the  summer  of  1904  certain  changes  and  improvements  were  made 
at  the  pumping  station,  and  a  partial  dam  was  made  in  the  river  just 
below  the  pumping  station.  The  effect  of  this  dam  was  to  raise  the 
apparent  stage  of  the  water  at  the  gage. 

On  July  18,  1904,  a  standard  chain  gage  was  attached  to  the  guard 
i-ail  on  the  upstream  side  of  Walnut  Street  Bridge  in  the  left-hand 
span.  The  datum  of  this  gage  is  also  the  low-water  mark  of  1803,  and 
it  is  believed  that  it  records  truly  the  stage  of  the  river  to  that  datum, 
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and  that  the  changes  in  bridges  below  or  in  the  pumping  station  above 
do  not  appreciably  atfect  the  records  obtained  from  it. 

The  length  of  chain  is  89.38  feet.  The  datum  is  referred  tea  bemh 
mark  on  the  left  abutment  at  the  top  upstream  outer  corner  of  the 
bridge  seat;  elevation,  32.91)  feet. 

Observations  at  the  gage  in  the  pumping  station  are  made  by  the 
engineer,  C.  M.  Nagle,  each  morning  before  starting  the,  pumps. 
Observations  at  the  standard  chain  gage  are  made  by  Thomas  Numbers, 
toll  collector,  once  daily.  All  records  and  estimates  for  this  station 
for  years  prior  to  1905  have  been  revised  and  republished  in  Water 
Supply  Paper  No.  109. 

Observations  at  this  station  during  1904  have  been  under  the  direc- 
tion of  N.  C.  Grover,  district  hydrographer. 

Minimum,  vviximumy  and  mean  discharge  of  Susquehanna  River  at  Harri^nirg,  Pa.yj*jr 

1891  to  1904,  inclusive. 


Minimum. 


Maximum. 


Year. 


Date. 


1891 , 
1892. 


1893.... 

1894.... 
1895.... 
1896.... 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 


Oct.  4-7,  inclusive. ' 

Oct.    31-Nov.    8, 
inclusive. 

Aug.  16-19,  inclu- 
sive, 25. 

Sept.  5-6 

Oct.  30-31 

Sept.  5-13 

Sept.  15,  Oct.  21.. 

Oct.  3-7 

Oct.  24  and  25 .... 

Sept.  28  and  2<) . . . 

Nov.  12 

Sept.  23,  24,  25 . . . 

Oct.  7 


For  the  14     Sept.  28-29, 1900. . ; 
vears.  , 


Gage 
height. 


Fcft. 
1.60 
.50 

.:^ 

.25  ' 

i 
.05 

.25  i 

.50  I 
.65  ! 

.15  I 
—.04  i 
1.00 

.85 
1.40 
0.84 

—.04 


Dis- 
charge. 


Sec. -feet, 

10,200 

4,070 


3,500  I  May      6 


3,160 
2,570 
3,160 
4,070 
4,740 
2,850 
2,360 
6, 550 
5,760 
8,  850 
5,  708 


May  22 
Apr.  11 
Apr.  1-2 
Mar.  26 
Mar.  24 
Mar. 
Mar. 
Dec. 
Mar. 
do 


/ 

2 

16 

2 


2,360 


Mav  22, 

1894. 


Feet. 
19.00 
14.65 

16.50 

25.60 
13.  65 
14.60 
11.50 
15.65 
13.00 
13.10 
21.40 
23.90 
16.85 


See. 'feet.      Sre^-ffi. 
334,500     52,  IW 

224,  200      37. 250 

I 

267,400  !  40,550 


54:i,500 
205,400 
223,200 
165,306 
245,900 
193, 000 
194,900 
405,100 
484,100 
276,500 


39, 970 
29,  .^30 
:M,600 
32,320 
40,490 
31,000 
29,9ltO 
42,  :$80 
47,  100 
54, 510 
32,  318 


25. 60  I  543, 500     38,  855 


I  ROVER  AND 
HOYT. 


] 
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Discharge  measurements  of  Sasqtwhanna  River  at  Uarrisburg^  Pa,,  in  1904. 


Date. 


Hydrographcr. 


Area  of        Mean  G&ge  Dif}- 

wt'tloii.      velocity,     heignt.       charge. 


Sti.Jeet.  ,  Ft.^HTnec. 


Fal.         Sec-feet. 


>Iart!h9 

July  15 

September  13 


Tillinghast  and  Sawyer 40, 670 

N.  C.  G  rover 1 1 ,  870 

J.  C.  Hoyt 1    6,646 


September  29  ..  i do 8,730 

October  1 N.  C.  G rover i     8,460 

November  4  . . .    Hoyt  and  Comstock 8, 972 


6.2 

15.6 

a261,860 

2.22 

3.08 

26,408 

.90 

1.10 

5,950 

'      1. 34 

1.78 

11,660 

1.48 

•i.a5 

12,560 

1.39 

1.82 

1     12,600 

a  River  running  full  of  lee.    Measurement  approximate. 
^fean  daily  gage  heighty  infeet,  of  Susquehanna  River  ai  Ifarrisburg,  Pa.,  for  1904*^ 


Day. 

1 

2 

3 

i 

5 

6 

wm 

8 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
21. 
25. 
26. 
27. 
2S. 
29. 
30. 
31. 


Jan. 

Feb. 
4.41 

Mar. 
9.41 

Apr. 
6.40 

May. 
7.65 

June. 

July. 

Aug. 

Sept. 
1.43 

Oct. 
1.78 

Nov. 
2.08 

Dec. 

2.16 

'3.65 

1.90 

1.58 

1.79 

2.16 

4.16 

11. 50 

10.15 

6.65 

3.90 

1.73 

1.68 

1.28 

1.68 

1.98 

1.54 

4.00 

4.00 

11.91 

13.06 

6.40 

4.23 

1.98 

1.93 

1.23 

1.53 

1.88 

1.44 

3.16 

4.75 

13.50 

11.15 

5.65 

4.28 

1.90 

1.93 

1.23 

1.78 

1.78 

1.24 

3.16 

3.41 

22.00 

9.40 

4.90 

3.98 

1. 65 

1.88 

1.18 

1.98 

1.68 

1.29 

2.91 

4.41 

19.41 

7.73 

4.06 

4.90 

1.78 

1.78 

1.13 

1.73 

1.64 

.94 

2.91 

3.75 

16.83 

6.78 

3.98 

6.23 

1.73 

2.08 

1.08 

1.58 

1.60 

1.29 

2.83 

3.83 

21.16 

6.15 

3.81 

4.78 

2.23 

2.03 

.98 

1.48 

1.54 

1.09 

2.83 

5.50 

15.91 

6.06 

3.48 

3.98 

2.66 

1.78 

.98 

1.38 

1.54 

1.24 

h'2,«^ 

9.06 

15.00 

6.40 

3.40 

3.56 

2.56 

1.68 

1.18 

1.23 

1.49 

1.19 

8.00 

9.33 

12.00 

8.48 

3.15 

4.31 

4.48 

1.88 

1.18 

1.18 

1.59 

.84 

3.58 

8.41 

9.16 

9.15 

2.98 

5.40 

5.06 

1.68 

1^18 

1.23 

1.5i 

.94 

8.83 

9.91 

7.91 

7.98 

2.90 

4.66 

4.40 

1..58 

1.13 

1.23 

1.59 

1.69 

4.91 

13.50 

6.58 

7.15 

2.66 

3.90 

3.73 

1.48 

1.08 

1.23 

1.69 

1.44 

4.66 

12.60 

6.08 

6.31 

2.81 

3.23 

3.23 

1.33 

J. 38 

1.38 

1.64 

1.49 

4.50 

11.68 

5.58 

5.25 

3.15 

2.90 

2.90 

1.33 

1. 5S 

2. 93 

1.59 

1.39 

5.00 

10.16 

5.26 

5.15 

3.40 

2.65 

2.56 

1.28 

1.98 

2.73 

1.54 

1.30 

5.00 

9.91 

4.83 

5.06 

3.66 

2.81 

2.28 

1.23 

2.18 

2.38 

1.49 

1,50 

4.25 

9.16 

4.66 

4.56 

3.98 

2.81 

2.08 

1.13 

1.78 

2.13 

1.59 

1.50 

4.08 

9.16 

4.66 

4.48 

4.98 

2.56 

1.98 

1.18 

1.78 

1.88 

1.59 

1.50 

4.16 

8.66 

5.00 

3.90 

6.06 

2.56 

2.03 

1.28 

1.63 

1.73 

1.49 

1.40 

4.66 

9.16 

5.58 

3.31 

6.56 

2.65 

1.88 

1.18 

1.43 

1.88* 

1.54 

1.40 

5.50 

10.16 

6.66 

3.73 

5.31 

2.56 

1.93 

1.28 

1.33 

2.93 

1.59 

1.50 

<-15.50 

10.16 

7.08 

3.56 

4.56 

2.56 

2.98 

1.28 

1.18 

3.76 

1.69 

1.60 

11.50 

10.75 

10.41 

3.40 

4.23 

2.73 

2.13 

1.28 

1.18 

4.06 

1.69 

1.60 

10.16 

10.41 

11.00 

3.48 

3.81 

2.48 

1.83 

1.6» 

1.08 

3.58 

1.79 

1.60 

7.66 

10.58 

15.25 

3.48 

3.98 

2.31 

1.73 

2.33 

1.03 

3.03 

1.89 

1.80 

6.83 

9.50 

13.83 

3.73 

3.90 

2.06 

1.68 

2.08 

1.13 

2.68 

1.84 

1.90 

5.?3 

9.08 

12.50 

4.90 

3.65 

1.98 

1.78 

1.83 

1.63 

2.53 

1.74 

2.10 

4.75 

10.16 

6.98 

3.31 

1.81 

1.68 

1.63 

1.73 

2.48 

l.W 

9.40 

4.60 

8.41 

3.40 

1.63 

1.5J^ 

2. 28 



8.40 

1 

a  From  January  1  to  July  17,  inclu.slve,  gage  readings  were  taken  at  the  pump  house.  From  July 
18  to  the  end  of  the  year  the  readings  were  taken  at  the  Walnut  Street  Briage.  Beginning  with 
April  1  the  readings  at  the  pump  hou.se  were  too  high  by  0.6  foot,  owing  to  the  met  that  a  cofferdam 
wa.<<  built  just  below  the  intake.  This  correction  has  l)een  applied:  therefore  the  gage  reading.^  for 
the  complete  year  are  referred  to  the  low-water  datum  of  1H03. 

^  River  frozen  over  at  5  a.  m. 

••Several  ice  gorges  existed  both  above  and  below  Harrisburg  from  January  24  to  March  13.  These 
caused  the  backing  up  of  the  water,  thus  increasing  the  gage  height. 
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Itntvig  table  for  Sxisqiiehanna  River  at  Harrisburg,  Pa. ,  from  1891  to  1904. 


height.      I>i«"harKe. 


Feet. 

-o.a5 

I  0.0 

.1 

.2 

.3 

.4 

.  0 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

l.:3 

1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 


Scronti-frtt. 
2.  Sm 


2 
2 
3 
3 
3 
4 
4 
4 
5 
6 
6 
7 
7 
8 

9 
10 
10 

11 
12 

13 

14 

15 

15 


44) 
710 
000 
330 
680 
070 
500 
980 
500 
020 
550 
090 
650 
240 
850 
520 
200 
930 
700 
500 
300 
160 
050 
980 


Gaee 
height. 


Feet. 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 


DiacharKC. 

Secotid'/eet. 
16,  950 


Gafe 
leiirnt. 


heig 


17 

19 
20 

21 

22 

23 

24 

25 

26 

28 

29 

30 

32 

33 

35 

36 

39 

42 

45 

48 

51 

55 

58 

61 


960 
010 
100 
210 
340 
480 
620 
760 
910 
130 
430 
800 
200 
600 
000 
400 
200 
200 
400 
600 
900 
100 
400 
700 


5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.5 
11.0 
11.5 


Discharge. 


Second-feet.  " 

65,000 

68,400 

71,900 

75,500 

79,200 

82,900 

86,500 

90,000 

93,400 

96,700 

100,100 

103, 500 

106,900 

110,300 

113,800 

117,300 

120,800 

124, 300 

127,800 

131,400 

134,900 

138,400 

147,200 

156, 300 

165,300 


heSu,       niwharge. 


Feet. 
12.0 
12.5 
13.0 
13.6 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 


Srcimd-Jert. 

174,500 

188,600 

193, 000 

202,500 

212,000 

221.300 

231,000 

242,300 

254,500 

267.400 

280.400 

293,600 

306,700 

334,500 

363,100 

392,600 

423, 100 

454,600 

487,000 

520,200 

554,400 

589,400 


Mean  daily  discharge^  in  tn'cond-feet^  of  Sn»(/uehanna  River  at  Ifarrisburg^  Pa. y  for  191)4- 


Day. 


Jan.      Feb.     Mar. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


(") 
(«) 
(«) 
(") 
(") 
(«) 
(") 

(") 


(") 
(") 
(") 
(") 
(") 

(") 

(") 
(")      (") 


(") 
(«) 
(") 
(") 
(«) 
C) 
(") 
(") 
('») 
(") 
(") 
(") 


Apr. 


76,500 

141,000 

194,200 

159.000 

127, 8a) 

98,900 

81,600 

71,000 

69,400 

<ri,  ooo 

111,600 
123, 400 


May.    June. 


97,600 
80.100 
75,500 
62,600 
r)0,200 
37,200' 
36. 120! 
83, 740 
29, 170 
2.S.1:K) 
2.\19() 
23, 250 


31.500 
35,000 
39,600 
39,600 
86,120 
50,200 
55.600 
47,500 
36, 1*20 
30, 250 
40. 800 
58, 400 


July. 


12,600 
11,160 
13,140 
12,500 
10,660 
11,160 
11,160 
15.330 
18.  r>90 
18,,'i90 
43, 480 
52, 900 


Aug. 


Sept.     Oct.    .  Nov.      He*' 


10,060 
10,780 
12,740 
12,740 
12,340 
11.540| 
13,980 
13.550J 
11,540| 
10,780 

12,;mo 

10.420 


9,048 
8, 120 
7,824 
7,824 
7,538^ 
7,258 
6,982 
6,442 
6.442, 
7.538 

7, 5:» 
7,5:» 


11,540 

10,780' 

9,724 

11.540 

12,740 

11,160 

10,060 

9,384 

8,72t; 

7,824 

7,538 

7,824 


13,980 

13, 140 

12.340' 

11.540 

10,780 

10,490 

10.200 

9.792 

9. 792 

9.4.'<» 

10,  i:» 

9,792 


11.620 
9,792 
9.114 
7.8Ki 
P.l»<» 
6,2» 
8,1H) 
7.086 
7,W2 
7.  AM 

6,i> 


a  The  ice  gorge  during  January,  February,  and  March  make  it  impoeatible  to  estimate  daily  flow. 
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Mean  daily  discharge j  in  iecond-feet,  of  Susquehanna  River  at  Uarrisburg^  Pa.  ^  for  1904 — 

Continued. 


Day. 


18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


(«) 
(«) 
C) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 


Feb. 

(«) 
(«) 
(«) 
(") 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
{«) 


Mar. 

(«) 

Apr. 

103,200 

(«) 

89,200 

(«) 

73,900 

(«) 

55,900 

(«) 

54,300 

(«) 

52,900 

(«) 

K»o 

(«) 

43,500 

(«) 

85,000 

(«) 

27,030 

(«) 

32,620 

(«) 

30,250 

(«) 

28,130 

(») 

29,170 

(«) 

29,170 

(«) 

82,620 

(«) 

60,200 

(«) 

86,100 

(«) 

May. 


22,340 
18,590 
21,320 
25,190 
28,130 
31,500 
36,120 
51,540 
69,400 
78,400 
56,900 
44,800 
89,600 
33,740 
36,120 
35.000 
81,600 
27,080 
28.130! 


June. 


46 
35 
26 
22 
19 
21 
21 
18 

18 
19 
18, 
18 
20 
17 
16 
18 
18 
11 


July.  Aug. 


200 
000 
100 
340 
550 
320 
820 
690 
590 
550 
590 
590 
440 
760 
080. 
820' 
140 
783* 

""i 


42,200 
32,620 
26,100 
22,340 
18,590 
15,790 
13,980 
18,140 
18,550 
12,340 
12,740 
23,250 
14,420 
11,940 
11,160 
10,780 
11,540 
10,780 
10,420 


10,060 

9,384 

8,420 

8,420 

8,120 

7,824 

7,258 

7,538 

8,120 

7,538 

8,120 

8,120 

8,120 

10.780 

16,270 

13,960 

11,940 

10,420 

9,724 


Sept. 

7,268 

6,982 

8,?26 

10,060 

13, 140 

14,870 

11,540 

11,540 

10,420 

9,048 

8,420 

7,538; 

7,638 

6,982 

6,712 

7,258 

10,420 

11, 160 


Oct. 


7,824 
7,824 
8,726 
22,680 
20,440 
16,750 
14,420 
12,840 
11,160 
12,840 
22,680 
83.040 
37,240 
30,520 
23,820 
19,880 
18,270 
17,760 
15,790 


Dec. 


10,130  10,860 
10,860     9,114 


10,490 

10, 130, 

9,792 

9,462 

10,130 

10,130 

9,452 

9,792 

10,130 

10,860 

10,860 

11,620 

12,420 

12,020 

11,280 

12,020 


9,452 

8,788 

8,240 

9,520 

9,520 

9,520 

8,850 

8,850 

9,520 

10,200 

10,200 

10,200 

11,700 

12,500 

14,160 

&51,120 

H4,120 


a  The  ice  gorge  during  January,  February,  and  March  make  it  impossible  to  estimate  daily  flow. 
b  Discharge  for  December  80  and  31  reduced  to  40  per  cent  on  account  of  ice  gorge. 

EtOmated  monthly  discharge  of  Susquehanna  River  at  Harrisburg^  Pa.  ^  for  19Q4. 

[Drainage  area,  24,080  square  miles.] 


Month. 


January  «., 
February  « . 
March«  ,.. 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


The  year 


194,200 
97,600 
58,400 
52,900 
16, 270 
14, 870 
37,240 
13, 980 
51,120 


27,030 

18,590 

11,780 

10, 420 

7,258 

6,442 

7,538 

9,452 

5,708 


30,410 
38,590 
102, 000 
74,230 
41,740 
29,320 
18, 020 
10, 420 

8,657 
15,240 
10,760 

8,448 


Run-off. 


Second-feet 

per  square 

mile. 


1.27 
1.61 
4.24 
3.09 
1.74 
1.22 
.750 
.434 
.360 
.634 
.448 
.352 


32,320 


1.350 


Depth  in 
inches. 


1.47 
1.74 
4.89 
3.45 
2.01 
1.36 
.865 
.500 
.402 
.731 
.500 
.405 


18.320 


a  Owing  to  an  ice  goige  below  Harrisburg  the  monthly  mean  for 
been  estimated  by  taking  89  per  cent  of  means  for  McCfall  Ferry, 
at  the  latter  station. 


January,  February,  and  March  has 
Practically  open  conditions  exist 
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SUSQUEHANNA   RIVER  AT  m'cALL   FERRY,  PA. 

This  station  is  located  at  a  narrow  and  rock}*^  part  of  the  Susque- 
hanna River  about  20  miles  above  its  mouth  and  1  mile  above  the  vil- 
lage of  McCall  Ferry.  It  was  established  on  May  17,  1902,  by  Boyd 
Ehle  while  investigating  a  power  development  there.  For  a  consid- 
erable distance  along  this  portion  of  the  river  the  bank  on  the  York 
County  shore  is  the  retaining  wall  of  an  abandoned  canal  which  can  be 
overtopped  only  in  the  greatest  floods.  The  Lancaster  shore,  on  the 
opposite  side,  is  made  up  of  almost  equally  vertical  rock,  and  the  rail- 
road which  skirt«  it  has  never  yet  been  flooded  at  this  point. 

The  gaging  section  first  selected  for  this  station  is  located  at  Dun- 
can Run,  where  two  islands,  Hartman  and  Streepers,  divide  the  river 
into  three  channels,  ranging  in  width  from  100  to  500  feet.  At  ordi- 
nary low  water,  however,  two  of  these  are  dry,  thus  confining  the 
discharge  to  the  main  or  westernmost  channel.  The  river  bed  at  this 
section  is  of  mica  schistose  rock,  with  some  projecting  bowlders  and 
large  irregularities.  The  flow,  however,  is  comparatively  free  from 
the  boils  so  common  in  a  river  of  this  character. 

The  discharge  measurements  at  this  section  are  made  from  a  boat 
held  in  place  by  a  rope  stretched  between  the  towpath  and  Streepers 
Island,  the  gaging  points,  10  feet  apart,  being  indicated  by  a  tagged 
wire,  which  is  also  used  in  keeping  the  boat  parallel  to  the  current  of 
the  stream. 

In  order  to  provide  for  measuring  the  large  floods  which  occur  in 
the  winter  and  spring  months,  a  cable  station  was  established  by  Mr. 
Ehle  in  the  fall  of  1902  about  1,000  feet  downstream  from  the  Duncan 
Run  section.  The  banks  of  the  river  and  the  conditions  of  the  river 
bed  are  very  similar  to  those  at  the  upper  section,  the  only  diflference 
being  that  the  bed  is  somewhat  more  irregular.  During  the  low-water 
period  of  the  fall  of  1902  a  careful  survey  was  made  of  the  section  at 
the  cable  station  and  a  contour  map  with  1-foot  intervals  was  prepared 
from  which  the  eff'ective  areas  could  be  accurately  determined,  thus 
eliminating  the  error  in  discharge  due  to  possible  inaccuracies  in  the 
soundings  at  the  time  of  the  measurements.  The  width  of  the  strejim 
at  this  point  is  about  1,300  feet  and  the  maximum  depth  during  a 
gaging  was  46  feet. 

The  car  cable,  a  three-quarters  inch  37-wire  strand  with  a  span  of 
1,450  feet,  is  anchored  to  3-inch  eyebolts  set  in  cement  in  the  solid 
rock  on  either  side  of  the  river.  A  2-inch  turn-buckle  is  provided  at 
the  York  County  end  to  regulate  its  height  above  the  water.  A  high 
cliff  on  one  shore  and  a  large  red  oak  on  the  other  give  the  cable  a 
10-foot  clearance  over  the  highest  floods  on  record.  The  car  that  runs 
on  the  cable  accommodates  two  people  and  is  propelled  b}'  a  sheave 
provided  with  a  crank.     Eighty  feet  upstream  from  the  main  ca,ble  is 
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suspended  a  five-eighths  inch  secondary  cable,  along  which  runs  a 
trolley  carrying  a  guy  rope  to  hold  the  meter  against  the  current. 
Measuring  points  for  this  section  are  60  feet  apart,  and  are  indicated 
by  red  and  white  bands  painted  on  the  main  cable,  the  intermediate 
distances  being  readily  estimated  by  counting  the  revolutions  of  the 
sheaves. 

The  measurements  at  both  of  the  above  stations  are  referred  to  two 
permanent  gages,  designated  Nos.  2  and  5.  These  are  painted  on  the 
rock,  and  give  elevations  directl}^  above  sea  level.  Gage  No.  2  is 
located  at  a  point  about  three-fourths  of  a  mile  below  the  village  of 
McCall  Ferry,  in  the  tailrace  of  the  proposed  power  house,  and  has 
been  read  daily  since  June,  1902.  The  records  in  the  following  tables 
have  been  referred  to  this  gage.  Gage  No.  6  is  placed  about  2  miles 
below  McCall  Ferry,  at  the  foot  of  Cully s  Falls,  so  located  in  order  to 
be  entirely  out  of  the  influence  of  the  proposed  dam.  One  of  the  pur- 
poses of  such  extensive  preparations  as  have  been  made  at  this  point 
is  to  obtain  data  for  determining  the  coefficient  of  discharge  over 
ogee-faced  weirs  under  high  heads,  and  it  is  for  use  in  these  investiga- 
tions thatj^ge  No.  5  was  established. 

The  methods  used  in  carrying  on  the  work  at  the  McCall  Ferry 
station  are  practically  the  same  as  those  employed  by  the  hydrogra- 
phers  of  the  United  States  Geological  Survey.  Every  effort  has  been 
made  to  eliminate  any  source  of  error,  and  vertical  velocity-curve 
determinations  were  made  wherever  possible.  At  Duncan  Run,  in 
order  to  make  these  measurements,  an  80-pound  weight,  with  pulley 
and  rope  attached,  was  dropped  to  the  bottom,  so  that  the  meter  could 
be  pulled  down  without  being  washed  too  far  from  the  section.  When 
the  surface  velocity,  or  0.6  method,  was  used,  the  results  were  reduced 
by  coefficients  determined  from  these  vertical  velocity-curves.  At 
the  cable  station  the  secondary  cable,  with  the  aid  of  the  guy  rope, 
made  it  possible  to  get  vertical  velocity -curve  measurements  at  much 
greater  velocities  and  depths.  A  No.  12  telegraph  wire  was  found  to 
be  more  satisfactory  at  such  times  for  holding  the  meter  than  the  insu- 
lated cable  ordinarily  used,  as  it  offered  less  resistance  to  the  current, 
vrould  allow  the  meter  to  sink  deeper,  and,  being  less  bowed  by  the 
water,  would  show  more  accurately  its  depth  below  the  surface.  In 
this  way  vertical  velocity -curves  were  obtained  to  depths  of  20  feet 
and  in  currents  of  10  feet  per  second. 

During  the  highest  stages,  when  the  velocity  sometimes  reaches  17 
feet  per  second,  readings  could  be  taken  only  at  the  surface.  These 
results  were,  however,  reduced  by  coefficients  determined  from  the 
vertical  velocity -curve  for  each  measuring  point. 

All  records  and  estimates  for  this  station  for  years  prior  to  1905 
have  been  published  in  Water-Supply  Paper  No.  109. 
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[NO.  12& 


Di8c?iarge  meamremerUs  of  Susquelumna  River  at  McOall  Ferry j  Pa.,  in  1904. 


Date. 


March  8« 

Maylla 

September  29  & 


Hydrographer. 


R.  H.  Anderson 

do 

W.  G.  Steward. 


Area  of 
section. 


Sq.ft. 
54,500 

7,035 

3, 717 


Mean  Gace  Vis- 

velocity.  •  height.a      chaige. 


Ft.  per  tec. 

ni.e 

C4.7 
2.16 


Feet. 

Seemd'fi. 

146.6 

631,000 

119.00 

34, 41X1 

114.  76 

7,»443 

a  At  cable  section. 


b  At  Duncan  Run  section. 


e  Reduced  surface  velocities. 


Mean  daily  gage  height t  in  feet y  of  Susquehanna  River  at  McCaU  Ferry,  Pa.,  for  1904. 


Day. 

Jan. 

Feb. 

Mar.- 

Apr. 

May. 

June. 

July. 

Aug. 

115.8 
115.7 
116.0 
116.6 
116.6 
116.4 
116.6 
116.7 
116.7 
117.0 
117.5 
117.0 
116.4 
116.0 
115.7 
115.6 
115.3 
115.2 
115.2 
115.3 
115.7 
115.6 
115.5 
115.4 
115.3 
115.4 
115.7 
116.9 
116.6 
116.1 
115.8 

Sept. 

Oct. 

Nov. 

Dec- 

1 

116.6 
116.3 
115.9 

all5.8 
116.0 
116.5 
116.9 
115.8 
115.5 
115.5 
116.0 
116.8 
117.1 
117.3 
117.3 
117.4 
117.0 
116.6 
116.4 
116.0 
116.0 
117.4 
122.3 

C120.7 
129.3 

120.0 
119.0 
118.5 
117.9 
117.3 
117.0 
il8.5 
119.4 
121.5 
125.0 
125.7 
124.3 
122.7 
121.9 
121.0 
120.4 
119.5 
118.6 
118.0 
117.8 
118.0 

120.0 
121.0 
122.0 
122.9 
128.0 
128.0 
126.4 
6146.6 
130.2 
130.4 
130.9 
126.6 
124.9 
123.6 
122.3 
121.5 
121.1 
120.7 
120.9 
121.0 
121.6 

123.9 
129.2 
132.6 
130.0 
127.0 
125.0 
123.9 
128.1 
123.2 
123.4 
124.6 
127.3 
125.9 
124.4 
123.6 
122.6 
121.9 
121.6 
121.0 
120.6 
120.2 
120.1 
119.9 
119.5 
119.3 
119.2 
119.3 
119.7 
121.0 
122.1 



1 

125.2 
124.4 
123.3 
122.5 
121.5 
120.9 
120.0 
119.8 
119.5 
119.3 
119.0 
118.6 
118.3 
118.3 
118.2 
119.0 
119.5 
119.7 
120.3 
121.3 
122.7 
123.8 
122.8 
121.0 
120.6 
119.9 
120.2 
119.9 
119.6 
119.0 
119.6 

119.4 
119.3 
119.9 
120.4 
120.2 
120.8 
122.3 
121.4 
120.1 
119.9 
119.6 
121.7 
121.0 
119.9 

116.8 
116.5 
116.3 
116.0 
116.0 
116.0 
116.2 
116.5 
117.0 
117.5 
119.9 
121.0 
121.1 
119.9 

115.5 

115.3 

115.1 

115.5 

115.3 

115.1 

115.0 

114.9 

114.8 

114.7 

114.7 

114.8 

115.0 

115.3 

115.8 

116.1 

116.4 

117.0 

116.8 

116.5 

116.3 

116.0 

115.8 

115.6 

115.2 

114.9 

114.8 

114.6 

114.8  . 

115.8  1 

1 

116.2 
116.1 
116.0 
115.8 
115.9 
115.5 
115.8 
115.7 
115.5 
115.4 
115.3 
116.4 
U5.4 
115.4 
115.3 
115.4 
118.2 
118.0 
117.5 
116.8 
117.0 
117.3 
117.5 
118.7 
119.7 
120.0 
119.3 
118.5 
117.9 
117.8 
117.5 

117. 1 
116.9 
116.8 
116.5 
116.3 
116.2 
;  115.9 
115.7 
115.5 
115.7 
115.5 
115.5 
115.6 
115.9 
116.0 
116.0 
115.9 
115.8 
115.7 
115. 7 
115.7 
1156 
115.5 
115.7 
115.7 
115.8 
116.0 
116.3 
116.7 
116.1 

llli  il 

2 

\\h  9 

8 

ll^  5 

4 

ll-'^  ."> 

6 

115.1 

6 

11x3 

7 

!      11x1 

8 

IIVO 

9 

m."* 

10 

1      114.7 

11 

114.  > 

12 

114-4 

13 

114.2 

14 

114.  J 

15 

119.3 

119.0 

114,4 

16 

118.5 
118.8 
118.0 
118.0 
117.9 

118.5 
118.7 
117.4 
117.0 
116.8 

■      115-3 

17 

114.fi 

18 

114.6 

19 

114. 6 

20 

114.5 

21 

117.8  116.6 
117.2  1  116.5 
118.0     116.4 

117.9  '  116.4 
118.0     117.8 

ll4.fi 

22 

120.0  '  122.6 
120.9  '  123.0 

120.1  '  123.9 
120.7  .  128.3 

114.. > 

23 

114.5 

24 

114.  *> 

25 

115.0 

26 

126.8     120.7     130.0 

117.8 
117.3 
116.9 
116.8 
116.7 

117.4 
116.5 
116.3 
116.0 
116.0 
115.9 

114.9 

27 

124.0  ,  120.3 
123.0     119.8 

122.3  119.0 

121.4  1 

131.6 
132.9 
130.7 
128.9 
125.3 

115.0 

28 

115-1 

29 

113.3 

30 

llH-'i 

31 

120.5 

12x0 

«  Entire  river  covered  with  14-  to  18-inch  ice. 

h  Ice  moved  at  2  p.  m. 

0  Ice  broke  and  went  out  of  deeps  at  5.30  p.  m.;  133.8  maximum  reading  during  night,  24th  and  ZMh 
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Rating  table  for  Susquehanna  River  at  McCaU  Ferry  y  Pa,  ^  for  1902  to  1904, 


Gage 
hei^t. 

Diacharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Diflchaige. 

Gage 
height. 

Dlflchaige. 

Second-feet. 

Jte<. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet, 

114.0 

5,160 

116.4 

15,610  1 

120.6 

44,200 

126.0 

112,900 

114.1 

5,500 

116.5 

16,150 

120.8 

46,100 

126.5 

119,900 

114.2 

5,840 

116.6 

16,690 

121.0 

48,000 

127.0 

127,000 

114.3 

6,200 

116.7 

17,240 

121.2 

50,000 

127.5 

134,100 

114.4 

6,560 

116.8 

17,800 

121.4 

52,100 

128.0 

141, 100 

114.5 

6,930 

116.9 

18,360 

121.6 

54,300 

128.5 

148,300 

114.6 

7,310 

117.0 

18,930 

121.8 

56,600 

129.0 

155, 300 

114.7 

7,700 

117.2 

20,120 

122.0 

59,000 

129.5 

163,400 

114.8 

8,100 

117.4 

21, 320 

122.2 

61,500 

130.0 

172, 500 

114.9 

.    8,500 

117.6 

22,560 

122.4 

64,000 

130.5 

182,800 

115.0 

8,920 

117.8 

23,820 

122.6 

66,500 

131.0 

194,100 

115.1 

9,340 

118.0 

25, 110 

122.8 

69,000 

131.5 

205,800 

115.2 

9,770 

118.2 

26,430 

123.0 

71,500 

132.0 

217,300 

115.3 

10, 210 

118.4 

27,780 

123.2 

74,000 

132.5 

228,600 

115.4 

10,660 

118.6 

29,140 

123.4 

76,400 

133. 0 

240,000 

115.5 

11,120 

118.8 

30,500 

123.6 

78,900 

133.5 

251,200 

115.6 

11,580 

119.0 

31,900 

123.8 

81,500 

134.0 

262,000 

115.7 

12,060 

119.2 

33,300 

124.0 

84,200 

134.5 

273,600 

115.8 

12,540 

119.4 

34,700 

124.2 

87,000 

135.0 

285,300 

115.9 

13,040 

119.6 

36,100 

124.4 

89,900 

135.5 

297,200 

116.0 

13,540 

119.8 

37,500 

124.6 

92,800 

136.0 

309,300 

116.1 

14,040 

120.0 

39,100 

124.8 

95,700 

116.2 

14,560 

120.2 

40,700 

125.0 

98,600 

116.3 

15,080 

120.4 

42,400 

125.5 

105,900 

Mean  daily  digcharge^  in  second-feety  of  Susquehanna  River  at  McCaU  Ferry,  Pa,, 

for  1904.     • 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Jan. 


16,690 
15,060 
13,040 
12,540 
13,510 
16,150 
18.860 
12,540 
11,120 
11,120 
13.540 
17,800 
19.520 
20,720 


Feb. 


39,100 
31,900 
28,460 
24,460 
20,720 
18,930 
28,460 


Mar. 


39,100 

48,000 

59,000 

70,200 

141,100 

141, 100 

118,500 


Apr. 


82,800 
158,400 
230,900 
172,500 
127,000 


May. 


101,500 
89,900 
75,200 
65,300 
53,200 


June. 


34,700,0300,000 


53,200 
98,600 
108,700 
88,600 
67,700 
57,800 


176,500 
180,700 
192,000 
121,300 
97,100 
78,900 


98,600  47,050 
82,800  39,100 


72,700 
74,000 
76,400 
92,800 
131,300 
111,500 


37,500 
35,400 
34,000 
31,900 
29,140 
27,100 


89,900i  27,100 


34,700 
34,000 
38,300 
42,400 
40,700 
46,100 
62,800 
52,100 
39,900 
38,300 
86,100 
55,400 
48,000 
38,300 


July. 

Aug. 

Sept. 

Oct. 

17,800 

12,540 

11,120 

14,560 

16,150 

12,060 

10,210 

14,040 

15,080 

13,540 

9,340 

13,540 

13,540 

16,690 

11,120 

12,540 

13,540 

16,600 

10,210 

13,040 

13,540 

15,610 

9,340 

11,120 

14,560 

16,690 

8,920 

12,540 

1  16,150 

17,240 

8,600 

12,060 

18,930 

17,240 

8,100 

11,120 

21,940 

18,930 

7,700 

10,660 

38,300 

21,940 

7,700 

10,210 

48,000 

18,930 

8,100  10,660 

49,000 

15,610 

8.920  10,660 

38,300 

13,540 

10,210 

10,660 

Nov. 

19,520 
18.360j 
17,800 
16,150 
15,080 
14,560 
13,040 
12,060 
11,120 
12,060 
11,120 
11,120 
11,580 
13,040 


Dec. 


18,540 

13,040 

12,540 

11,120 

10,210 

10,210 

9,840 

8,920 

8,100 

7,700 

6,930 

6,560 

5,840 

5,840 


a  Maximum  diflchaige,  681,000  mean  dally  discharge  estimated. 
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(NO.  136- 


Mean  daily  discharge^  in  second-feet^  of  Susquehanna  River  at  McOaU  Ferry,  Pa., 

for  1904^-Continued, 


Day. 


15. 
16. 
17. 
18. 
19. 


20,720 
21,320 
18,930 
16.690 
16,610 

20 '  13,540 

21 


13.540 

22 1  21,320 

23 62,800 

24 '  45.100 

25 1  160,000 

26 !  124,100 

27 

28 


84,200 
71,500 

29 1  02,800 

52,100 
43,300 


30. 
31. 


Feb. 

48,000 
42,400 
35,400 
29,140 
25,110 
23,820 
25,110 
39.100 
47,060 
39,900 
45,100 
45,100 
41,550 
37.500 
31,900 


Mar. 

Apr. 
78,900 

62,800 

53,200 

66,500 

49,000 

57,800 

45,100 

54,300 

47,050 

48,000 

48,000 

44,200 

54,300 

40,700 

66,500 

39,900 

71,500 

38,300 

82,800 

35,400 

145,500 

34,000 

172,500 

33,300 

208,100 

34,000 

237,700 

36,800 

187,200 

48,000 

153,900 

60,200 

108,000 

May, 


26,430 
31,900 
35,400 
36,800 
41,550 
51,100 
67,700 
81,500 
69,000 
48,000 
44,200 
38,300 
40,700 
38,300 
36,100 
31,900 
36.100 


34,000 
28,460 
27,100 
26,110 
25,110 
24,460 
23,820 
20,120 
25,110 
24,460 
25,110 
23,820 
20,720 
18,360 
17,800 
17,240 


31,900 
28,460| 
29,820 
21,320' 
18,93o! 
17,800 
16,69o| 
16,150| 
16,61o' 
15,610 
23,820 
21,320 
16,150 
15,080 
13,540 
13,540 
13,040 


Sept. 


12,060 
11,120 
10,210 
9,770 
9,770 
10,210^ 
12,060 
11,580 
11,120 
10.660 
10,210 
10,660 
12,060 
18,360 
16,690 
14,040 
12,540 


12,540 

14,  (MO 

15,610 

18,930 

17,800 

16.160 

15,080 

13,540- 

12,540 

11,680 

9,770 

8,500 

8,100 

7,310 

8,100 

12,540 


Oct. 

10.210 
10,660 
26.^30 
25, 100 
21,940 
17,800 
18,930 
20,720 
21.940 
29.820 
36,800 
39,100 
34,000 
28,460 
24,460 
23,820 
21,940 


Not.  !   Dec. 


IS.  540 
13.540 
13.040 
1*2,540, 
12.060 
12.0601 
12.060 
11,580 

ii.iao 

12.060 
12.030 
12,  MO 
13.540 
15.080 
12,060 
14.040 


6.  .VO 
10.210 
7.31U 
7,310 
7,310 

7,S10 
6,330 

6.  sap 

h.  1ft) 
\93D 

s,5a» 

8.930 

9.TM 

11.120 

14..i60 

71,  .W 


Estimaied  morUhly  discharge  of  Susquehanna  River  at  McCall  Ferry,  Pa.,  for  1904- 


Month. 


Discharge  in  second-feet. 


Maximum. 


January 160,000 

February 108, 700 

March i  300, 000 

April '  230,900 


May 

June 

July 

August 

September 
October  .. 
November 
December 


101,500 
62,800 
49,000 
21,940 
18,930 
39,100 
19,520 
71,500 


The  year 


300,000 


Minimum. 


11,120 

18, 930 

39,100 

33, 300 

26, 430 

17,240 

13, 040 

9,770 

7,310 

10,  210 

11,120 

5,840 


5, 840 


Mean. 

34,170 
43,360 
114,600 
78,400 
46,720 
34,580 
21, 410 
13,880 
ll,a50 
18,700 
13, 320 
10,  890 


36, 760 


Run-off. 


Second-feet 

per  SQuare 

mile. 


1.28 

1.62 

4.28 

2.93 

1.  id 

1.29 
.800 
.519 
.413 
.698  , 
.498  ' 
.407  ' 


1.3: 


Depth  in 
inche«. 


1.48 
1.75 
4.93 
3. 27 
2.02 
1.44 
.922 
•.59S 
.461 
.8ft5 
.556 
.469 

18.  70 
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CHENANGO   RIVER  AT  BINGHAMTON,  N.  Y. 

This  station  was  established  July  31,  1901.  A  standard  chain  gage 
IS  attached  to  the  hand  rail  on  the  upstream  side  of  the  first  span  from 
the  right  bank  of  Court  Street  Bridge  in  Binghamton.  The  bench 
mark  is  a  circular  chisel  draft  on  the  upstream  corner  of  the  bridge 
seat  on  the  left  abutment.  Its  elevation  is  34.02  feet  above  gage 
datum.  The  bridge  to  which  the  gage  is  attached  stands  squarely 
across  the  stream  at  a  point  where  there  is  a  good  bed  of  gravel  and 
small  cobblestones  and  a  smooth,  uniform  current.  The  channel  is 
obstructed  by  three  masonry  piers  supporting  the  four  spans  of  the 
bridge,  79  feet  clear  width  each,  the  bridge  having  a  total  length  of 
337  feet  between  abutments.  A  small  rift  between  the  station  and  the 
confluence  of  Chenango  River  with  the  Susquehanna,  about  2,600  feet 
below,  cuts  off  backwater  at  ordinary  stages  of  the  rivers.  For  periods 
during  freshets  or  at  times  when  there  is  an  abnormal  rise  on  one  or 
both  streams,  either  record  may  be  affected  by  backwater  and  a  too 
^eat  discharge  indicated.  For  freshets  of  considerable  duration  the 
effect  of  backwater  on  the  stage  of  the  two  streams  may  become 
inconsiderable. 

In  estimating  run-off  of  Chenango  River  the  area  directly  tributary 
to  storage  reservoirs,  from  which  diversion  is  made  to  supply  Erie 
Canal,  has  been  deducted  from  the  total  natural  drainage  area.  The 
diversion  area  of  six  reservoirs  at  the  head  of  Chenango  River,  whose 
outflow  is  turned  into  Erie  Canal  through  Oriskany  Creek,  is  30  square 
miles.  The  diversion  area  of  De  Ruyter  reservoir,  at  the  head  of 
Tioughnioga  River,  whose  outflow  is  turned  into  Erie  Canal  through 
Lfimestone  Creek,  is  18  square  miles.  These  two  areas  have  been  sub 
tracted  from  the  natural  drainage  area  of  1,580  square  miles,  giving 
an  effective  area  of  1,532  square  miles.  This  estimate  is  approximate, 
as  no  allowance  for  direct  inflow  to  feeder  channels  from  additional 
areas,  nor  for  waste  into  the  original  stream,  has  been  made.  The 
^ross  area  from  which  more  or  less  run-off  is  diverted  is  about  105 
square  miles.  Gage  readings  on  Chenango  River,  as  well  as  those  on 
Susquehanna  River  at  Binghamton,  are  taken  by  E.  F.  Weeks.  All 
records  and  estimates  for  this  station  for  years  prior  to  1905  have 
been  revised  and  republished  in  Water-Supply  Paper  No.  109. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 
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Discharge  measuremeifUs  of  Chenango  River  cU  BinghamUniy  N,  F.,  in  1904- 


Date. 


March  8 

April8 

July  12 

September  10 
November  22 


Hydrographer. 


C.  C.  Covert  . 
R.  E.  Horton. 
C.C.  Covert.. 

do 

H.  R.  Beebe. 


Area. 

Mean 
velocity. 

Gage 
height. 

Discharge. 

Sq.ft. 

Ft.  per  sec. 

Ftet 

Stxand-feft. 

3,702 

3.45 

«14.90 

9,104 

2,469 

5.42 

10.86 

11,632 

595 

.87 

5.42 

516 

417 

1.15 

5.55 

539 

1,022 

2.45 

6.86 

2,505 

a  Backwater,  caused  by  Ice  jam. 


Mean  daily  gage  height^  in  feet,  of  Chenango  River  at  Binghamtony  N.  Y.,for  1904- 


Day. 

Jan. 

Feb. 

Mar. 

1 

6.42 

6.65 

b6.42 

6.45 

6.68 

<'6.ft2 

6.68 

6.60 

6.68 

6.48 

6.38 

6.30 

6.26 

6.20 

6.15 

6.15 

6.12 

b6.15 

6.30 

6.45 

6.30 

6.30 

'aO.36 

11.18 

11.60 

10.20 

9.35 

8.65 

8.10 

7.88 

7.60 

7.82 

7.20 

7.18 

7.20 

7.05 

6.75 

8.12 

13.92 

15.30 

14.28 

12.05 

10.60 

9.50 

8.70 

8.20 

'9.38 

10.18 

10.05 

9.52 

8.98 

8.62 

8.35 

8.62 

9.35 

9.38 

8.70 

8.25 

7.60 

2 

7.40 

3 

4 

5 

7.88 
10.38 
11.92 

6 

11.08 

7 

<-10.95 

8 

14.78 

9 

16.90 

10 

15.65 

11 

13.70 

12 

11.40 

13 

10.30 

14 

15 

9.52 
8.75 

16 

17 

18 

19 

20 

8.20 
7.65 
7.42 
7.22 

7.48 

21 

22 

7.88 
7.78 

23 

11.30 

••■•• 

24 

25 

/15. 15 
15.90 

26 

19.82 

27 

19.90 

28 

7.95 

16.  ih 

29 

7.88     12.08 

30 

10.62 

31 

10.58 

Apr. 

11.80 

12.90 

all.  70 

10.50 

9.45 

10.08 

10.30 

10.88 

11.01 

12.97 

12.42 

10.84 

9.91 

9.29 

8.74 

8.49 

8.39 

8.39 

8.40 

8.28 

7.98 

7.98 

8.00 

7.93 

8.13 

8.43 

8.13 

10.13 

10.19 

9.39 


May. 


8.72 
8.19 
7.79 
7.42 
7.19 
6.99 
6.82 
6.67 
6.55 
6.44 
6.34 
6.26 
6.18 
6.14 
6.26 
7.86 
7.36 
6.84 
6.64 
7.80 
7.10 
6.70 
6.47 
6.78 
6.47 
6.40 
6.60 
6.50 
6.40 
6.26 
6.76 


June. 

7.14 
6.79 
6.56 
6.42 
6.64 
6.59 
6.34 
6.25 
6.88 
7.98 
6.93 
6.48 
6.25 
6.15 
6.06 
6.53 
6.11 
5.94 
5.84 
5.84 
5.84 
5.82 
6.72 
5.60 
5.54 
5.54 
5.47 
5.46 
5.46 
5.49 


5.69 
5.73 
5.63 
6.61 
6.51 
5.49 
6.61 
5.58 
6.48 
5.40 
5.80 
5.60 
6.65 
5.35 
6.40 
5.60 
6.65 
6.68 
6.55 
6.08 
5.88 
5.82 
6.65 
6.10 
6.02 
6.92 
6.20 
6.22 
6.65 
6.90 
6.32 


Aug. 

6.10 
7.08 
7.35 
6.88 
6.32 
6.72 
6.65 
6.28 
6.10 
6.02 
5.98 
5.92 
5.86 
5.75 
5.72 
5.65 
6.70 
6.62 
5.65 
6.78 
6.82 
6.50 
8.25 
7.56 
6.65 
6.32 
6.20 
a6.06 
5.90 
5.80 
5.72 


Sept. 


5.70 
5.72 
5.70 
5.72 
6.65 
5.65 
6.60 
5.52 
5.50 
6.60 
5.40 
5.81 
5.31 
6.34 
6.09 
5.91 
5.67 
5.54 
5.40 
5.86 
5.46 
5.68 
5.66 
5.66 
6.70 
6.42 
6.29 
6.15 
6.95 
6.92 


Oct. 


Nov.  j  Der 


7.69 
6.85 
6.41 
6.21 
6.11 
6.01 
6.01 
5.96 
5.88 
5.80 
6.05 
7.60 
8.95 
7.85 
7.03 
6.40 
6.42 
6.26 
6.16 
6.12 
5.79 
10.79 
9.76 
8.15 
7.38 
7.41 
7.23 
6.92 
6.68 
6.53 
6.32 


6.22 

6.20 

6.12 

6.07 

6.04 

6.17 

6.23 

6.16 

6.11 

6.11 

6.06 

6.06 

6.01 

6.02 

5.95 

6.(» 

6.10 

5.95 

5.92 

5.90 

6.08 

6.80 

6.68 

6.50 

6.S8 

6.32 

6.1» 

5.96 

5X0 

6.20 


6.68 

6.50 

6.S8 

6.32 

6.1» 

5.96 

6.15 
5l96 

5l75 
5l65 
h.?2 
.\«0 
5.75 
5.62 
5..T5 
5.58 
5.&I 
.^70 
5.55 
h.e^ 
5.65 
5-65 
5. 65 
5.60 
5.60 
5.60 
5.60 
5.65 
5.92 
6,."*? 
6.-^ 
6-72 
12.75 
1S.:> 
10. 15 

5.a5 


a  Interpolated. 

b  Anchor  Ice. 

'•River  partly  frozen  over. 


rf Current  very  sluggish. 
«  Backwater. 
/  Ice  went  out. 


OBOVKB  ANDl 
HOYT.       J 


SUSQUEHANNA  BIVEB  DBAINAOE   BASIN. 
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Rating  table  for  Chenango  River  at  Binghamton,  N.  F.,  for  1901  to  1904,  inclusive. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

• 

Diachaxge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

F\tet. 

Second-feet. 

5.0 

160 

'      7.4 

3,200 

10.6 

8,590 

15.4 

18,  240 

6.1 

256 

7.5 

3,360 

10.8 

8,970 

15.6 

18,660 

5.2 

352    1 

7.6 

3,500 

11.0 

9,350 

15.8 

19,080 

5.3 

460 

7.7 

3,650 

11.2 

9,730 

16.0 

19,500 

5.4 

650 

7.8 

3,800 

11.4 

10, 110 

16.2 

19,940 

5.5 

1 

650    , 

7.9 

3,950 

11.6 

10, 490 

16.4 

20,380 

5.6 

760 

8.0 

4,100 

11.8 

10, 870 

16.6 

20,820 

5.7 

875 

8.1 

4,250 

12.0 

11,250 

,     16.8 

21,260 

5.8 

995 

8.2 

4,400 

12.2 

11,650 

17.0 

21,700 

5.9 

1,115 

8.3 

4,550 

12.4 

12,050 

17.2 

22,140 

6.0 

1,235 

8.4 

4,700    1 

12.6 

12,450 

17.4 

22,580 

6.1 

1,365 

8.5 

4,850 

12.8 

12,850 

17.6 

23,030 

6.2 

1,495 

8.6 

5,020 

13.0 

13, 250 

17.8 

23,490 

6.3 

1,625 

8.7 

5,190 

13.2 

13,650 

18.0 

23,950 

6.4 

1,755 

8.8 

5,360 

13.4 

14, 060 

18.2 

24, 410 

6.5 

1,885 

8.9 

5,530 

13.6 

14,460 

18.4 

24, 870 

6.6 

2,025 

9.0 

5,700 

13.8 

14,880 

18.6 

26,340 

6.7 

2,165 

9.2 

6,060 

14.0 

15,300 

18.8 

25,820 

6.8 

2,305 

9.4 

6,420 

14.2 

15,  720 

19.0 

26,300 

6.9 

2,450 

9.6 

6,780 

14.4 

16,140 

19.2 

26,780 

7.0 

2,600 

9.8 

7,140 

14.6 

16,660 

19.4 

27,260 

7.1 

2,750 

10.0 

7,500 

14.8 

16,980 

19.6 

27,760 

7.2 

2,900 

10.2 

7,860 

15.0 

17,400 

19.8 

28,280 

7.3 

3,050 

10.4 

8,220 

15.2 

• 

17, 820 

i 

Kemarks:  Tangent  at  19.5  feet.    Difference  above  this  point  260  per  tenth. 
Mean  daily  discharge,  in  gecond-feet,  of  Chenango  River  at  Bingharnton^  N.  Y.,  for  1904. 


Day. 


Jan. 


1,781 

2 1,956 

3 1,781 

4 1,820 

5 2,137 

6 2,333 

7 2,137 

8 2,025 

9 1,997 


10 
11 
12 
13 


1,859 
1,729 
1,625 
1,560 


Feb. 

3,050 

2,900 

2,900 

2,900 

2.675 

2,235 

4.250 

15,090 

18,030 

15,930 

11,360 

6,600 


Mar. 


3,500 
3,200 
3,950 
5,750 
9,000 
8,500 
8.300 
8,985 
11,400 
10,700 
8,960 
6,670 
5,700 


Apr 


9,920 

13,050 

10,680 

8,400 

6,510 

7,680 

8,040 

9,160 

9,350 

13,150 

12,050 

9,065 

7,320 


May. 

5,190 
4,400 
3,800 
3,200 
2,900 
2,585 
2,333 
2,123 
1,955 
1.807 
1,677 
1,573 
1,469 


June. 


2,825 
2,291 
1,969 
1,781 
2,081 
2,011 
1,677 
1,560 
2.420 
4,100 
2,495 
1,869 
1,560 


July. 


Aug.  Sept.  ]  Oct. 


749 
911 
793 
771 
661 
640 
661 
738 
630 
550 
450 
650 
706 


1,366 
2,750 
3,125 
2,420 
1,651 
2,193 
2,095 
1,599 
1,365 
1,261 
1.211 
1,139 
1,055 


875 
899 
875 
899 
815 
815 
760 
672 
650 
650 
550 
460 
460 


3,650 
2,375 
1,768 
1,508 
1,378 
1,248 
1,248 
1.187 
1,091 
995 
1,800 
3,500 
5,615 


Nov. 

Dec. 

1,521 

1,430 

1,495 

1, 176 

1,891 

995 

1,326 

035 

1,287 

818 

1,456 

899 

1,534 

995 

1,443 

935 

1,378 

783 

1,378 

706 

1,313 

738 

1,313 

783 

1,248 

875 
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Mean  daily  dischargey  in  second-feet^  of  Chenango  River  at  Binghamion,  N.  I'.,  for  1904— 

Continued. 


Day. 


Jan. 


14 1  1,495 

15 1  1,430 

16 1,430 

17 1  1,391 


18 
19 
20 
21 
22 
23 
24 
25 
26 


1,430 
1.625 
1,820 
1,625 
1,625 
8,180 
9,730 
10.490 
7,860 


27 ,  6,330 

28 5,105 

29 

30 

31 


4.250 
3,950 
3,500 


The  daily  discharge  during  January,  February,  and  March  are  only  approximate, 
owing  to  the  ice  conditions.  From  March  4  to  22,  1904,  the  discharge  was  estimated 
from  the  measurement  of  March  8,  which  was  approximately  50  per  cent  of  normal 
conditions.    This  was  due  to  an  ice  gorge. 

Estimated  monthly  discharge  of  Chenango  River  at  Binghamion,  N.  Y.,  for  1904- 


Run-off. 


Month. 


January  

February ...... 

March , 

April 

May 

June 

July 

August 

Septemlxjr 

October 

November 

Deceml)er 

The  vear 


Maximum.  I  Minimum. 


10,490 

1,391 

18, 030 

2,235 

28, 540 

2,680 

13, 150 

4,025 

5,190 

1,417 

4,100 

610 

2,450 

450 

4,475 

705 

2,480 

460 

8,970 

983 

2,  305 

995 

13,810 

401 

Mean. 


Second-feet 

per  square 

mile. 


I>epth  in 
inehts. 


28, 540 


401 


2.06 
4.17 
5.84 
4.59 
1.55 

.990 

.691 
1.07 

.621 
1.69 

.932 
1.29 

2.12 


2.37 

4.50 
6.73 
5.12 
1.79 
l.lte 
.807 
1.23 

i.a'i 

1.04 
1.49 

28.82 
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CHEMUNG   RIVER  AT  CHEMUNG,  N.  Y. 

ChemuDg  River  is  formed  at  Painted  Post,  N.  Y.,  by  the  confluence 
of  Tioga  and  Cohocton  rivei's.  Cohocton  River  lies  entirely  in 
the  State  of  New  York.  Tioga  River  receives,  just  above  its  mouth, 
Canisteo  River,  a  large  tributary,  which  also  has  its  draiar*ge  basin  in 
New  York  to  the  south  of  the  Cohocton.  The  drainage  of  Tioga  River 
above  the  Canisteo  is  mainly  in  Pennsylvania.  Chemung  River  flows 
southeasterly  through  Corning,  Elraira,  and  Chemung,  crosses  the 
State  line  and  flows  for  a  short  distance  in  Pennsylvania,  then  returns 
to  New  York  and  again  crosses  to  Pennsylvania  near  Waverlj',  finally 
emptying  into  Susquehanna  River  near  Athens,  Bedford  County,  Pa. 
The  total  length  of  the  river  is  about  40  miles,  of  which  30  miles  lie 
in  New  York.  It  is  a  sluggish  stream,  with  low  banks  and  a  broad 
valley  or  flood  plain,  which  is  often  overflowed.  It  was  formerly  par- 
alleled by  a  canal,  which  has  now  been  abandoned.  The  principal 
water-power  development  on  the  river  is  at  Elmira,  N.  Y. 

The  topographic  features  of  the  drainage  basin  are,  as  a  rule,  bold 
and  broad.  The  hills  rise  to  a  height  of  several  hundred  feet  on  either 
side,  and  within  a  short  distance  of  the  stream;  the  upland  plateau  is 
to  a  large  extent  wooded,  has  impervious  soil,  no  lake  storage,  and 
few  marsh  areas.  Tributaries  are  ramifying  and  uniformly  distrib- 
uted, though  not  very  numerous,  and  dr}'^  gullies  or  flood  channels  are 
common.  The  concentration  of  storm  waters  from  the  three  large 
streams  which  unite  just  above  Corning  makes  possible  excessive 
floods.  Dikes  have  been  erected  in  the  cities  of  Elmira  and  Corning 
for  protection.  One  of  the  highest  recorded  freshets  in  the  stream 
occurred  June  1,  1889.  It  was  preceded  by  phenomenal  rainfall, 
aggregating  several  inches  in  a  few  hours  during  the  night  of  May  31. 
The  discharge  at  this  time  has  been  estimated  by  F.  Collingwood  at 
67  second-feet  per  square  mile  from  2,055  square  miles,  or  138,000 
second-feet. 

The  gaging  station  was  established  September  7,  1903,  by  R.  E. 
Horton.  It  is  located  at  the  suspension  highway  bridge,  midway 
between  Chemung,  N.  Y.,  and  Willawana,  Pa.,  near  the  State  line. 
The  bridge  has  a  single  span  of  395  feet.  A  standard  chain  gage  is 
attached  to  the  upstream  side  of  the  bridge  near  the  right  bank,  and 
is  read  twice  each  day  by  Daniel  L.  Orcutt.  Discharge  measurements 
are  made  from  the  downstream  side  of  the  bridge.  The  initial  point 
for  soundings  is  the  face  of  the  right  abutment  on  the  downstream 
side.  The  channel  is  straight  for  700  feet  above  and  800  feet  below 
the  station;  the  current  is  good.  The' right  bank  is  high,  cleared, and 
is  not  subject  to  overflow.  The  left  bank  is  of  medium  height,  wooded, 
and  will  overflow  at  high  water.  The  bed  of  the  stream  is  composed 
of  gravel,  and  is  clean  and  permanent.     There  is  but  one  channel  at 
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all  stages.  The  bench  mark  is  formed  by  three  nails  driven  into  a 
telephone  pole  70  feet  to  the  right  of  the  initial  point  for  soundings 
and  about  30  feet  upstream;  elevation  29.88  feet  above  ga^  datum. 
The  pole  is  marked  with  black  paint,  "U.  S.  G.  S.  B.  M." 

All  records  and  estimates  for  this  station  for  years  prior  to  1905  hare 
been  revised  and  republished  in  Water-Supply  Paper  No.  109. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  measurements  of  Chemung  River  at  Chemung,  N.  Y. 


Date. 


HydrogTApher, 


.  IXiscliAigv. 


1903. 
AugU8t27..- 
September  7 
October  2... 
October  12. . 


1904. 
March  11 . 


C.  C.  Covert 
R.  E.  Horton 
H.  H.  Halsey 
C.  C.  Covert 

0.  C.  Covert 


April  9 1  R.  E.  Horton 

July  15 1  C.  C.  Covert 

September  9  . . . ' do 


Mean  daily  gage  height,  in  feet,  of  Chemung  River  at  Chemung,  N,  Y 


5. 


10. 
11. 

12. 
13. 
14. 
15. 
10. 
17. 
18. 
19. 
•20. 
21. 
22. 
23. 


Day. 


1908. 


Jan. 


Feb. 


Mar. 


Apr. 


May, 


June.  ■  July, 


Aug. 


Sept. 


Oct.      Nov 


3. 
2. 
3. 
3. 
4. 
4. 
3. 
3. 
3. 
3. 
2. 
3. 
3. 
3. 
2. 
2. 
2. 


29 
24 
19 
16 
84 
56 
84 
46 
22 
06 
% 
44 
46 
29 
99 
84 
54 


Dec- 


2.24 

2.96 

2-yo 

2.40 

2.88 

2.52 

3.88 

2. » 

2.57 

2.83 

2  ;* 

2.74 

2.86 

i-C 

3.30 

2.90 

2-.'t9 

3.37 

3.08 

•i.m 

4.62 

2.98 

2.79 

9.97 

4.98 

2,69 

1.1% 

2.90 

2.64 

8.80 

2.88 

2-4S 

6.74 

2.86 

2.49 

6.12 

2.«) 

2.69 

4.97 

2.73 

±m 

4.47 

2,68 

2.ey 

4.20 

2.76 

2-74 

3.92 

7.06 

2.74 

7.04 

8.13 

2.« 

6.24 

6.8S 

2.(>l 

4.90 

4.88 

!».« 

4.42 

4.26 

2  & 

4.12 

3.98 

2.74 

3.87 

3.  Oo  1 

2.79 

OSOTXR  and! 
HOYT.         J 
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Mean  daily  gage  heigJU,  in  feet,  of  Chemung  River  at  Chemung y  N.  Y. — Continued. 


Date. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

4.72 
3.64 
3.44 
3.32 
3.30 
3.24 
3.22 
3.13 

2.35 
2.42 
2.22 
2.10 
2.16 
2.18 
1.88 
1.95 
1.90 
1.95 
1.96 
2.10 
2.62 
3.65 
3.15 
2.82 
2.70 
2.60 
2.60 
2.45 
2.52 
3.40 
3.40 
3.18 
3.05 
2.85 
2.75 
2.65 
2.60 
2.45 
2.30 

Nov. 

Dec. 

1903. 
24 

2.34 
2.34 
2.29 
2.24 
2.24 
2.22 
2.26 

3.83 
3.78 
3.88 
3.23 
3.10 
3.10 
3.10 

2.40 
2.30 
2.22 
2.20 
2.25 
2.20 
2.20 
2.22 
2.12 
2.18 
2.20 
2.20 
2.12 
2.08 
2.06 
2.25 
2.15 
2.20 
2.06 
2.00 
2.00 
2.00 
2.00 
2.02 
2.20 
2.15 
2.00 
1.96 
2.10 
1.95 

1 " 

2.79 

25 

2.79 

26 

.  •  •         ■  « 

2.74 

27 

2.69 

28 ' --- 

2.54 

29 

.  ..... 

2.44 

30 

1            1 

2.64 

31 

2.64 

1904. 
1 

8.00 
2.95 
2.90 
2.90 
2.90 
2.90 
2.85 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
<?3.15 
3.20 
3.20 
3.20 
3.20 
3.35 
3.50 
911.35 
a9.56 
6.65 
5.30 
4.90 
4.20 
4.22 
4.26 

4.a5 

1 

<]3.85 
3.50 
3.45 
3.35 
4.00 
4.20 
5.90 

al6.70 
8.70 
6.85 
5.85 
6.40 
4.75 
4.22 
3.95 
8.65 

d4.85 
4.55 

«4.30 
4.15 
4.00 

/4.12 

4.05 

4.32 

4.12 

4.05 

3.90 

3.87 

3.57 


3.57 
3.37 
3.67 
8.57 
6.72 
4.72 
7.69 

M5.97 
9.68 
6.48 
5.02 
4.90 
4.60 
4.30 
4.05 
3.88 
3.62 
3.78 
3.92 
6.98 
6.78 
5.20 

MO.  90 
11.40 
10.25 

*13.20 
11.05 
7.28 
5.95 
5.60 
5.70 

6.50 
9.00 
7.05 
5.75 
5.38 
5.15 
5.20 
6.26 
5.75 
9.55 
7.40 
6.56 
5.75 
6.15 
4.80 
4.80 
4.80 
5.10 
5.10 
4.85 
4.42 
4.55 
4.60 
4.50 
4.66 
4.82 
4.65 
9.10 
8.50 
7.42 

7.20 

6.25 

6.45 

5.02 

4.62 

4.40 

4.18 

4.00 

3.80 

3.70 

3.58 

3.40 

3.38 

3.30 

5.15 

6.75 

5.65 

5.00 

9.45' 

8.40- 

6.60 

5.40 

4.95 

6.35 

5.25 

4.75 

4.82 

5.40 

4.25 

4.00 

5.85 

7.05 
5.85 
5.35 
4.85 
7.70 
6.95 
5.10 
4.62 
5.35 
6.15 
4.90 
4.42 
4.00 
3.70 
3.48 
4.05 
3.80 
3.42 
8.22 
3.12 
3.02 
3.10 
3.05 
3.05 
2.88 
2.80 
2.70 
2.65 
2.60 
2.60 

2.60 
2.88 
2.70 
2.62 
2.60 
2.68 
2.95 
2.a'> 
2.72 
2.76 
3.90 
3.68 
3.45 
3.45 
3.02 
2.82 
2.70 
2.62 
2.50 
2.40 
2.30 
2.35 
2.25 
2.72 
2.78 
2.55 
2.60 
2.50 
2.70 
2.80 
2.62 

2.50 
2.42 
2.98 
2.82 
2.70 
2.60 
2.45 
2.&'> 
2.20 
2.15 
2.20 
2.18 
2.10 
2.08 
2.00 
2.00 
2.00 
1.95 
1.95 
2.05 
2.05 
2.30 
2.75 
2.88 
2.70 
2.45 
2.30 
2.12 
2.10 
2.08 
2.00 

2.00 
2.02 
2.00 
1.95 
2.00 
1.98 
1.92 
1.96 
1.90 
1.90 
1.95 
1.95 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.88 
1.80 
1.75 
1.80 
1.82 
2.00 
2.15 
2.38 
2.35 
2.35 
2.35 

2.05 

2 

2.00 

3 

1.90 

4 

1.90 

5 

1.90 

6 

1.90 

7 

1.85 

1.65 

9 

2.26 

10 

2.10 

11 

2.10 

2.10 

13 

2.00 

14 

2.00 

15 

2.00 

16 

2.00 

17 

1.90 

18 

1.90 

19 

1.96 

30 

2.00 

21 

2.10 

2.06 

23 

2.18 

24 

2.10 

25 

MO 

26 

2.15 

27 

2.60 

28 

6.40 

29 

5.15 

30 

3.90 

31 

3.80 

n  No  ice. 

b  Water  over  flats  highest  point  17  feet. 
c  River  freezing  over  below  gage, 
d  River  frozen  over. 


«■  Thickness  of  ice  5  inches. 
/  Thickness  of  ice  12  inches. 
g  Ice  running. 
A  River  over  the  flats. 


46 


STREAM   MEASUREMENTS   IN    1904,  PART   III. 


[sso.  ISfei 


Rating  table  for  Chemung  River  at  Chemung  N.  Y.^fram  AiLgugt  £7,  1903 ^  .j  Ikfti 

her  31,  1904^ 


Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 
Second-fed. 

Gage 
height.   , 

1 

Second-fed. 

Feet. 

Fed. 

1.75 

146 

1 

4.00 

2,255 

6.30 

1.80 

170 

4.10 

2,420 

6.40 

1.90 

220 

4.20 

2,590 

6.50 

2.00 

273 

4.30 

2,765 

6.60 

2.10 

328 

4.40 

2,950 

6.70. 

2.20 

385 

4.50 

3, 140 

6.80 

2.30 

445 

4.60 

3,340 

6.90 

2.40 

510 

4.70 

3,550 

7.00 

2.50 

575 

4.80 

3,765 

7.10 

2.60 

645 

4.90 

3,990 

7.20 

2.70 

720 

5.00 

4,220 

7.30 

2.80 

800 

5.10 

4,455 

7.40 

2.90 

890 

5.20 

4,695 

7.50 

3.00 

985 

5.30 

4,940 

7.60 

3.10 

1,085 

5.40 

5,190 

7.70 

3.20 

1, 190 

5.50 

5,445 

7.80 

3.30 

1,300 

5.60 

5,700 

7.90 

3.40 

1,415 

5.70 

5,960 

8.00 

3.50 

1,540 

5.80 

6,220 

8.10 

3.60 

1,670 

5.90 

6,485 

8.20 

3.70 

1,805 

6.00 

6,750 

8.30 

3.80 

1,945 

6.10 

7,020 

8.40 

3.90 

2,095 

6.20 

7,295 

8.50 

1 

I  ^isehargr. 


Seeond-feeL 
7,575 

7,855 

8,135 

8,415 

8,700 

8,985 

9,270 

9,560 

9,850 

10,140 

10,430 

10, 720 

11,010 

11,300 

11,590 

11,880 

12, 170 

12,460 

12,760 

13,060 

13,360 

13,660 

13,960 


Fed. 
8.60 

8.70 

8.80 

8.90 

9.00 

9.10 

9.20 

9.30 

9.40 

9.50 

9.60 

9.70 

9.80 

9.90 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 


Sii'vxmd-f'^t 
14,260 

14,560 

14,800 

15, 160 

15,460 

15,760 

16,060 

16, 360 

16,660 

16,960 

17,260 

17,560 

17,860 

18,160 

18,460 

21,460 

24,460 

27,460 

30,460 

33,460 

36,460 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  npcm 
8  discharge  measurements  made  during  1903  and  1904.  It  is  fairly  well  detineii 
between  gage  heights  1.90  and  3.30  feet.  The  table  has  been  extended  above  ga^ 
height  6. 70  feet.  Above  gage  height  8.00  feet  the  rating  curve  is  a  tangent,  the  differ- 
ence being  300  per  tenth.  The  rating  table  has  been  applied  to  the  nearest  hun- 
dredth of  a  foot  to  gage  height  6.00,  to  the  nearest  half-tenth  of  a  foot  to  gage  height 
9.00,  to  the  nearest  tenth  of  a  foot  above  gage  height  9.00  feet. 

Mean  daily  discharge,  in  second-feet,  of  Chemung  River  at  Chemung,  N.  Y. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Julj'. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 

1.. 

1903. 



409 

510 

589 

624 

752 

1,300 

1,380 

3.382 

1 
966 

872  ' 

2,065 

827  1 

854 

890 

1.065, 

966. 

MO 

2.. 

1          ■ " 

1  

1 

<ri 

3 

1 

1                         I 

{c: 

4 

1                        ' 

..; 1 1. 1 

,k72 

5 

1 



l!I< 

6 

(d*^ 

7 

1                                1 

1,289 
409 

l,T91 

8 

"■•••••i""'*""" 

....... 

792 
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Mean  daily  discharge^  in  second-feet^  of  Chemung  RU^er  at  Chemung^  N,  Y. — Continued. 


9. 


lo. 
II. 

12. 
13. 
14. 
15. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

1. 
2. 
3. 
4. 


5. 


6. 

7. 

8. 

9. 

10. 

11- 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Day. 


1903. 


Jan. 


Mar. 


1904. 


Apr. 


May. 


June,    July, 


36,460 

17,560 

8,135 

4,267 

o,  990 

3,140 

2,765 

2.337 

2,065 

1,697 

1,917 

2,127 

6,697 

8,985 

4,696 

21,160 

22,660 

19,060 

28,060 

21,460 

10,430 

6,617 

5,700 

5,960 


8,136 
15.460 
9,705 
6,090 
5,140 
4,575 
4,695 
4,817 
6,090 
17,260 
10,720 
8,275 
6.090 
4,575 
3,765 
3,765 
3, 765 
4,455 
4.455 
3,877 
2,988 
3,240 
3,340 
3,140 
3,240 
3,810 
3,445 
15,760 
13,960 
10,720 


10, 140 
7,435 
5,318 
4,267 
3,382 
2,950 
2,556 
2,255 
1,945 
l,8a5 
1,644 
1,415 
1,392 
1,300 
4, 575 
8,842 
5,830 
4,220 
16,660 
13,660 
8,415 
5.190 
4,105 
5,065 
4,817 
3,658 
3,810 
5,190 
2,678 
2, 255 
6,352 


Aug.     Sept, 


9,705 
a5.860 
5,065 
3,877 
11,590 
6,617 
4,455 
3,382 
5,066 
7,158 
3,990 
2,988 
2,255 
1,805 
1,515 
2,337 
1,945 
1,440 
1,212 
1.106 

i,oa5 

1,085 
1,035 

i,oa5 

872 
800 
720 
683 
645 
646 


646 
872 
720 
660 
645 
681 
938 
845 
736 
760 
2,095 
1,778 
1,477 
1,477 
1,005 
818 
720 
660 
575 
510 
445 
477 
415 
736 
784 
610 
645 
575 
720 
800 
660 


575 
523 
966 
818 
720 
645 
542 
477 
385 
356 
385 
374 
828 
317 
273 
278 
273 
246 
246 
300 
300 
445 
760 
872 
720 
642 
445 
339 
328 
317 
273 


1,180 

1,148 

3, 855 

3,260 

2,005 

1,490 

1,212 

1,045 

947 

1,466 

1,490 

1,289 

975 

836 

603 

471 

471 

439 

409 

409 

397 

421 


Nov.      Dec 


273 
284 
273 
246 
273 
262 
231 
246 
220 
220 
246 
246 
246 
220 
220 
220 
220 
220 
220 
210 
170 
146 
170 
180 
273 
356 
497 
477 
477 
477 


18,460 
ll,8^^0 
14,860 
8,840 
7,020 
4,157 
3,083 
2.590 
2,127 
9,7lte 
7,435 
3,990 
2,988 
2,464 
2,060 
3,593 
1,692 
1,466 
1,323 
1,300 
1,234 
1,212 
1,116 

478 

523 

397 

328 

866 

374 

210 

246 

220 

246 

246 

328 

660 

1,732 

1,138 

818 

720 

616 

575 

642 

589 

1,416 

1,415 

1,169 

1,035 


4,069 

890 

872 

854 

800 

748 

7ft5 

768 

9,705 

12,910 

6.432 

3,915 

2,695 

2,223 

2.066 

1,990 

1,917 

1,392 

1,223 

1,085 

1,085 

1,085 


610 
445 
897 
386 
416 
886 
'385 
897 
339 
374 
385 
385 
339 
817 
300 
415 
366 
386 
300 
273 
273 
273 
273 
284 
385 


845 

856 

760 

873 

682 

246 

645 

328 

642 

246 

445 

712 
675 
568 
569 
712 
712 
712 
782 
762 
675 
675 
675 
712 
752 
792 
792 
792 
752 
712 
603 
686 
603 
676 

800 
273 
220 
220 
220 
220 
195 
100 
415 
328 
328 
328 
273 
273 
278 
273 
220 
220 
246 
273 
328 
800 
374 
328 
828 
866 
645 
7,865 
4,576 
2,095 
1,945 
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[KO- 


Eaimated  monthly  discharge  of  Chemung  River  near  Chemung,  N.  F.,  for  J  903-4- 

[Drainage  area,  2,440  square  miles.] 


Month. 


1903. 
September  7-30... 

October 

November 

December 

1904. 
March  8-31 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet 


Maximum. 


3,855 
18, 460 
12, 910 

1,791 


36,- 460 

17,260 

16,660 

35,860 

2,095 

966 

497 

1,  732 

510 

7,855 


Minimum. 


397 
409 
705 
536 


1,697 
2,988 
1,300 
645 
415 
246 
146 
210 
246 
100 


The  year 36,460 


100 


Mean. 


1,146 
3,981 
2,265 

757 


10,331 

6,645 

4,940 

4,063 

820 

463 

267 

656 

347 

785 


2,932 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  is 
inche* 


0.47 

1.63 

.93 

.31 


0.42 

1.8?i 

1.04 

.38 


4.23 
2.72 
2.02 
1.67 
3.36 
.190 
.109 
.289 
.142 
.322 


1.20 


3.90 
3.03 


•7    "JS 


1.S6 

•>10 

A'22 

.31(1 

.:^71 


12.69 


SUSQUEHANNA   RIVER  (WEST  BRANCH)   AT  WILLIAMSPORT,  PA. 

This  station  was  established  March  1,  1896,  by  George  D.  Snyder, 
who  was  at  that  time  city  engineer,  and  daily  gage  heights  have  been 
recorded  since  that  date.  On  August  16,  1901,  a  standard  chain  ga^ 
was  installed  on  the  upper  side  of  Market  Street  Bridge  by  E.  G.  Paul. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
40.29  feet.  The  bench  mark  is  a  cut  in  the  face  of  the  left  abutment 
10.07  feet  above  gage  datum.  Discharge  measurements  are  made  from 
the  lower  side  of  the  bridge.  The  initial  point  for  soundings  is  the 
face  of  the  abutment  on  the  left  bank.  The  channel  is  straight  for 
several  hundred  feet  above  and  below  the  station,  is  broken  by  four 
bridge  piers,  and  is  about  1,000  feet  wide  at  the  station.  There  is  a 
dam  about  one-half  mile  above.  Both  banks  are  high  and  rocky.  The 
bed  of  the  stream  is  composed  of  gravel  and  silt,  and  will  probably 
change  to  some  extent  in  the  shore  spans.  The  current  velocity  is 
sufficient  for  accurate  measurement  except  at  extreme  low  stages. 
During  nearly  ten  years,  from  March,  1895,  to  January,  1905,  the 
range  of  gage  height  at  this  station  has  been  21.3  feet,  and  the  esti- 
mated maximum  and  minimum  discharges  have  been  164,100  and  410 
cubic  feet  per  second,  respectively.     The  gage  is  read  once  each  day  by 
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Henry  H.  Guise,  who  is  employed  in  the  city  engineer's  oflice.  All 
records  and  estimates  for  this  station  for  years  prior  to  1905  have  been 
revised  and  republished  in  Water-Supplj'^  Paper  No.  109. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Susquehanna  River  (  West  Branch)  at  Williamsport,  Pa, ,  in 

1904. 


Date. 


Hydrographer. 


July  19 

Septeml>er  14 . . 
September  30 . . 


R.  J.  Taylor 
J.  C.  Hoyt.. 
do 


Area  of 
section. 


Mean     i     Gage 
velocity.  '    height. 


Diflchaiige. 


Ft.  per  sec. 
1.09 

0.53 

0.67 


Feet. 
2.07 

0.52 

1.10 


Second-feet. 
4,220 

1,340 

2,060 


Mean  daily  gage  height,  in  feet,  of  Susquehanna  River  ( West  Branch)  at  Williamsportf 

Pa.,  for  1904. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

l.S 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

31 


Jan. 


Feb. 


2.2 
2.2 
2,0 
2.0 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.4 
1.5 
7.7 
18.3 
9.8 
7.0 
5.4 
4.9 
8. 
8.2 
3.6 


8.8 

8.4 

8.0 

2.8 

8.0 

2.4 

2.6 

^6.0 

O10.6 

C7.6 

eS.O 

c5.2 

04.3 

3.8 

4.0 

«J8.8 

<<3.6 

«f3.5 

3.6 

d3.0 

2.9 

2.8 

2.7 

3.7 

4.2 

3.8 

8.0 

2.7 

2.5 


Mar. 


2.7 

7.0 

7.5 

19.0 

16.5 

9.2 

7.4 

17.4 

18.5 

9.8 

7.6 

6.5 

5.8 

5.3 

5.0 

4.4 

4.1 

3.8 

4.0 

4.5 

6.5 

6.7 

6.6 

«9.9 

10.8 

11.3 

/12.6 

10.6 

8.0 

6.9 

6.0 


Apr. 

6.2 
16.8 
13.6 
9.8 
8.0 
6.8 
6.4 
6.0 
6.0 
8.8 
9.2 
7.9 
7.2 
6.6 
5.8 
5.2 
5.2 
5.1 
5.0 
4.5 
4.2 
3.9 
3.6 
3.3 
3.2 
3.6 
4.3 
5.1 
6.8 
8.4 


May. 


7.8 
7.0 
6.2 
5.5 
5.0 
4.5 
4.2 
3.9 
3.6 
3.3 
3.2 
3.0 
2.8 
2.5 
3.0 
3.4 
3.3 
3.2 
4.7 
7.7 
7.2 
6.0 
5.2 
4.7 
4.4 


4.^    1 

4.0 

3.8 

3.5  , 

3.3  1 

3.3 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.6 

2.3 

1.0 

0.4 

0.8 

1.0 

0.6 

3.7 

2.1 

.9 

.4 

1.0 

1.0 

.5 

3.7 

1.9 

.9 

.4 

1.0 

1.0 

.6 

3.5 

1.7 

.9 

.3 

.9 

1.0 

■  A 

6.1 

1.6 

.8 

.3 

.8 

.9 

a. 4 

4.5 

1.5 

.7 

.8 

.8 

.9 

•  Tb 

3.7 

1.7 

.7 

.2 

.7 

.8 

•  ^ 

8.4 

1.8 

.7 

.2 

.7 

.7 

■      M 

3.2 

3.4 

.6 

.2 

.6 

.6 

•    m 

3.2 

4.4 

.5 

.2 

.6 

.6 

•     • 

3.3 

8.1 

.5 

.2 

.6 

.7 

t4 

3.8 

6.7 

.4 

.5 

.5 

.7 

■    A 

2.9 

5.4 

.4 

.6 

.7 

.7 

.3 

2.7 

4.6 

.5 

.5 

1.2 

.8 

.3 

2.4 

8.8 

.5 

.5 

1.5 

.8 

.3 

2.6 

3.4 

.5 

.6 

1.4 

.7 

.3 

3.1 

3.0 

.3 

.5 

1.3 

.7 

.3 

2.8 

2.5 

.3 

.5 

1.2 

.7 

.2 

2.6 

2.1 

.3 

.4 

1.1 

.7 

.2 

2.3 

2.0 

.4 

.3 

1.0 

.7 

.2 

2.3 

1.7 

.5 

.3 

1.1 

.6 

.'J 

3.0 

1.5 

.5 

.2 

1.5 

.6 

.2 

3.7 

1.3 

.9 

.2 

1.7 

.6 

.2 

4.0 

1.3 

1.0 

.2 

1.6 

.7 

.3 

3.2 

1.2 

1.2 

.2 

1.5 

.6 

.3 

2.8 

1.1 

1.0 

.3 

1.5 

.6 

.3 

2.3 

1.1 

.9 

.6 

1.4 

.6 

.4 

2.1 

1.1 

.7 

1.0 

1.3 

.6 

1.8 

1.9 

1.1 

.6 

1.0 

1.3 

.6 

6.4 

1.7 

1.0 

.6 

1.1 

1.2 

.5 

5.5 

■■*■■■* 

1.0 

.5 

1.1 



4.4 

a  River  frozen  December  5  to  28, 1904. 

b  Ice  running. 

0  Slush  ice  running. 


d  Anchor  ice  running. 
«  Noon  river  18  feet. 
/  Extreme  height. 
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STREAM   MEASUREMENTS   IN   1904,  PART  III. 


[Ko.iaL 


Rating  table  for  Susquehanna  River  (  West  Brarich)  at  WUliamsport,  Pa.,  frcm  1S^5 

to  2904. 


Gage 
height. 

Discharge. 

• 

he^t. 

Discharge. 

Gage 
height. 

Discharge.  ' 

Gage 
height. 

Dischars<e. 

F)eH. 

Second-feet. 

Feet. 

Sccond/ect. 

Feet. 

Second-feet. 

Frd. 

Seeomd-ff^. 

—0.2 

410 

2.2 

4,530 

6.0 

18,330 

10.6 

47,400 

.0 

600 

2.3 

4,770 

6.2 

19, 330 

10.8 

49,000 

.1 

710 

2.4 

5,010 

6.4 

20,340 

11.0 

50,600 

.2 

830 

.2.5 

5,250 

6.6 

21,360     ' 

11.2 

52,200 

.3 

970 

2.6 

5,500 

6.8 

22,380    ' 

11.4 

53,800 

.4 

1,120 

2.7 

5,760 

7.0 

23,400 

11.6 

55,500 

.5 

1,280 

2.8 

6,020 

7.2 

24,600 

11.8 

57,200 

.6 

1,440 

2.9 

6,300 

7.4 

25,700 

12.0 

58,900 

.7 

1,610 

3.0 

•6,580 

7.6 

26,900    ! 

12.2 

60,700 

.8 

1,780 

3.2 

7,170 

7.8 

28,100 

12.4 

62,500 

.9 

1,960 

3.4 

7,780 

8.0 

29,300 

12.6 

64,300    : 

1.0 

2,140 

3.6 

8,400 

8.2 

30,500    ! 

12.8 

66,100 

1.1 

2,320 

3.8 

9,030 

8.4 

31,800    , 

13.0 

67,900 

1.2 

2,510 

1      4.0 

9,690 

8.6 

1 

33,100 

13.2 

69,800 

1.3 

2,700 

4.2 

10,400 

8.8 

1 

34,400 

13.4 

71,  7(» 

1.4 

2,890 

4.4 

11,150 

9.0 

35,800    ' 

13.6 

73,600 

1.5 

3,080 

4.6 

11,940 

9.2 

37,200 

13.8 

75,500 

1.6 

3,270 

'       4.8 

12,750 

9.4 

38,600 

14.0 

77,500 

1.7 

3,460 

5.0 

13,600 

9.6 

40,000 

14.5 

82,600 

1.8 

3,660 

5.2 

14,500 

9.8 

41,400 

15.0 

87,8U0 

1.9 

3,860 

5.4 

15, 420 

10.0 

42,800    ; 

2.0 

4,070 

5.6 

16, 370 

10.2 

'     44,300 

2.1 

4,300 

5.8 

17,340 

-1 

10.4 

'     45,800    ' 

Mean  daily  discharge j  in  second-feet,  of  Susquehanna  River  (  West  Branch)  at  WVJiamf- 

port,  Pa.,  for  1904. 


Day. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Jan.  I   Feb. 


Mar. 


4,530  9,030     5,760 

4,530  7,7801  23,400 

4,07o!  6,580|  26,300 

4,070|  6,020135,100 

3,660'  6,58oll04,300 

3,66o'  5,010|  37,200 

3,460i  5,500  25,700 

3,460  13,600115,000 

3,460  16,600  72,600 

3,460  26,900'  41,400 

11 1    3, 460  18, 330,  26, 900 

12 1    3,460,14,500  20,850 

13 1    3,460  10,770   17,340 

14 1    3,460l  9, 030l  14,960 


Apr. 

May. 

19,330 

28,100 

107,800 

23,400 

73,600 

19,330 

41,400 

15,890 

29,300 

13,600 

22,380 

11,540 

20,340 

10,400 

18,330 

9,360 

18.330 

8,400 

34,400 

7,470 

37,200 

7,170 

28,700 

6,580 

24,600 

6,020 

21,360 

5,250 

June. ,  July.  |  Aug.     Sept.     Oct.      Nov.     I^^e. 


8,400 
8,710 
8,710 
8,090 
18,830 
11,540 
8,710 
7,780 
7,170' 
7, 17o! 
7,47o! 
7,470' 
6,30o| 
6, 7601 


4,770 

4,300, 

8,860 

3,460 

3.080| 

3,080i 

3.460' 

3,660' 

7,780 

11,160 

29,950 

21,870 

15,420 

11.940; 


2.140| 
1,960 
1,9601 
1,960 
1,780 
1,610, 
1,610 
1,610 
1,440 
1,280 
l,280l 
1,120J 
1,120 
l,280l 


1,120 

l,120j 

1,120 

970 

970' 

970 

830 

830| 

830 

830 

830 

1.280 

1,440 

1,280 


1.780 

2,140 

2,140^ 

1,960; 

1,7W' 

1,780 

l,6ie! 

1,610 

1,440 

1 

1,440 

1,440 

1,280 

1,610 

2,510 


2,140 
2,140 
2,140 
2.140 
1,960 
1,960 
1,780 
1.610 
1,410 
1,440 
1,610 
1,610 
1,610 
1,790 


1,440 

1.280 

i.a« 

1,120 

i,ia) 

1,12) 

i,ia» 
i.i» 
1.1* 

1.MD 

1,120 
l,12l» 

9ro 

970 


OROVBR  AND 
HOYT. 


] 


SUSQUEHANNA  BIVEB  DBAINAOB  BASIN. 
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M^an  daily  discharge^  in  second-feei^  of  Susquehanna  Bitter  (  West  Branch)  at  Williams' 

port,  Pa.  J  for  1904 — Continued. 


15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


Day. 


Jan. 

8,270 
8,270 

8,oeo 

3,060 

3,060 

3,060 

2,890 

8,080 

27,500 

70,700 

41,400 

23,400 

15,420 

13,170 

8,000 


30 ;    7,170 

31 8,400 


Feb. 

9,690 
9,080 
8,400 
8,090 
7,470 
6,580 
6,300 
6,020 
5,760 
8,710 
10,400 
9,080 
6,580 
5,780 
6,250 


Mar. 

13,600 
11,150 
10,040 
9,080 
9,690 
11,540 
20,850 
21,870 
21,360 
42,100 
45,000 
53,000 
64,300 
47,400 
29,800 
22,890 
18,390 


Apr. 


17,340 

14,500 

14,500 

14,060 

13,600 

11,540 

10,400 

9,860 

8,400 

7,470 

7,170 

8,400 

10,770 

14,050 

22,380 

31,800 


May.  I  June. 


6,580 

7,780 

7,470 

7,170 

12,340 

27,500 

24,600 

18,380 

14,500 

12,340 

11,150 

10,400 

9,690 

9,030 

8,090 

7,470 

7,470 


5,010 
5,500 
6,870 
6,020 
5,500 
4,.770 
4,770 
6,580 
8,710 
9,690 
7,170 
6,020 
4,770 
4,300 
3,860 
3,460 


July. 

9,030 
7,780 
6,580 
5,250 
4,300 
4,070 
3,460 
8,080 
2,700 
2,700 
2,610 
2,820 
2,320 
2,320 
2,320 
2,140; 
2,140 


Aug, 

Sept. 

1,280 

1,280 

1,280 

1,440 

970 

1,280 

970 

1,280 

970 

1.120 

1,120 

970 

1,280 

970 

1,280 

890 

1,960 

830 

2,140 

830 

2,510 

830 

2,140 

970 

1,960 

1,440 

1,610 

2,140 

1,440 

2,140 

1,440 

2,820 

1,280 

KsHmated  monthly  discharge  of  Susquehanna  River  (  West  Branch)  at  WiUiamsport,  Pa^, 

for  1904. 

[Drainage  area,  6,640  square  miles.] 


Month. 


Discharge  In  second-f^t. 


Maximum. 


January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


70,700 

46,600 

136,100 

107, 800 

28,100 

18,830 

29,950 

2,510 

2,320 

3,460 

2,140 

8,010 


Theyear 135,100 


Minimum. 

2,890 
5, 010 
5,760 
7,170 
5,250 
3,460 
2,140 
970 
830 
1,280 
1,280 
1,120 


Mean. 


9,477 

10,320 

36,070 

23,760 

12,080 

7,170 

6,219 

1,541 

1,170 

2,309 

1,648 

1,660 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


1.68 

1.94 

1.83 

1.97 

6.40 

7.38 

4.21 

4.70 

2.14 

2.47 

1.27 

1.42 

1.10 

1.27 

.273 

.315 

.207 

.231 

.409 

.472 

.292 

.326 

.294 

.339 

830  I      9,450 


1.68 


22.83 
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STREAM   MEASUREMENTS   IN   1904,  PART   Ul. 


[2SO,  I2r- 


JUNIATA   RIVER  AT  NEWPORT,   PA. 

This  station,  which  is  about  15  miles  above  the  mouth  of  the  riv^r. 
was  established  March  21,  1899,  by  E.  G.  Paul.  The  standard  chair 
gage  has  until  the  autumn  of  1904  been  located  on  the  covered  wajror 
bridge,  800  feet  east  of  the  public  square  at  Newport,  Pa.  In  tb*- 
latter  part  of  1904  this  bridge  was  removed  and  a  steel  structure  will 
be  erected  on  the  same  site.  A  standard  chain  gage  will  be  attai'b«^l 
to  the  new  bridge  immediately  after  its  completion.  In  the  meantinii^ 
a  temporary  vertical  staff  gage,  which  has  the  same  datum  as  the  bench 
mark,  has  been  attached  to  the  exposed  end  of  a  sewer  which  dLscharge- 
near  the  bridge,  and  the  daily  record  of  stage  of  river  has  been  ke\X 
continuously.  Bench  mark  No.  1  is  on  the  extreme  ea^jt  end  of  the 
stone  doorsill,  east  front  of  Ewing's  store  building,  near  end  of  brid^. 
The  elevation  above  gage  datum  is  28.83  feet.  Bench  mark  No.  "2  i^ 
on  shelf  in  southeast  cornei  of  underpinning  of  store  of  J.  M.  Ewin^. 
elevation  27.37  feet  above  gage  datum.  This  is  a  bench  mark  of  thr 
Pennsylvania  Railroad  and  according  to  their  levels  is  390.69  fi'Pt 
above  sea  level.  Discharge  measurements  have  been  made  from  thr 
lower  side  of  the  wagon  bridge  to  which  the  gage  was  attached.  The 
channel  is  straight  for  one-half  mile  above  and  below  the  station.  Both 
banks  are  high  and  are  not  subject  to  overfow.  There  is  a  sinjrl** 
channel  broken  by  three  bridge  piers.  The  piers  do  not  interfere 
with  the  flow  of  the  stream  and  there  is  little  eddying  and  boilincr 
near  them.  The  bed  is  of  hard  material  and  is  probably  permanent. 
There  is  a  good  measurable  velocity  at  all  stages. 

During  nearly  five  years  the  range  in  gage  height  has  been  22.8  feet, 
and  the  estimated  maximum  and  minimum  discharge  has  been  292,5' »<♦ 
and  230  cubic  feet  per  second,  respectivel\\ 

The  gage  is  read  once  each  day  by  A.  R.  Bortel.  All  records  and 
estimates  for  this  station  for  years  prior  to  1905  have  been  revised  and 
republished  in  Water-Supply  Paper  No.  109. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Juniata  River  at  Netvporty  Pa.^  in  1904. 


Date. 


Hydrographer. 


1904. 
July  16 . . . 


N.  C.  Grover 


Area  of 
section. 


Mean  ve- 
locity. 


Gafe 
height. 


charge. 


I  ROVER  AND*! 
HOYT.         J 


SUSQUEHANNA  RIVEB  DRAINAGE   BASIN. 


Mean  daily  gage  heighty  infeetf  of  Juniata  River  at  Neiuport,  Pa.,  far  2904. 
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Day, 


Jan.      Feb. 


S. 


5.. 
6.. 
7. . 

9.- 
10-. 
11.. 

rj.. 

13.. 

14.. 

15.. 

16.. 

17. 

IS. 

19. 

20. 

'21. 

'22. 

*2&. 

24. 

25. 

26. 

27. 

•2H. 

29. 

30. 

31. 


4.2 
4.2 
4.5 
4.6 
4.6 
4.6 
4.6 
4.5 
4.5 
4.5 
4.4 
4.2 
4.1 
4.1 
4.1 
4.1 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
5.4 
11.0 
7.0 
5.5 
4.5 
4.1 
3.8 
3.7 
8.8 


4.0 
5.0 
5.0 
5.0 
8.0 
8.5 
11.6 
8.5 
6.5 
5.0 
4.6 
4.2 
4.0 
3.9 
4.1 
4.2 
4.4 
5.0 
4.6 
4.7 
4.7 
5.0 
5.0 
5.4 
7.2 
7.4 
5.9 
4.8 
4.5 


Mar. 

7.5 
12.0 
7.2 
13.5 
8.9 
6.0 
5.5 
14.0 
10.0 
7.2 
6.0 
6.0 
5.2 
5.2 
5.0 
4.8 
4.5 
4.5 
4.8 
4.5 
5.8 
5.5 
5.8 
8.0 
7.5 
6.9 
6.2 
6.2 
5.6 
5.2 
5.0 


Apr. 
6.7 

May. 

6.7 

June. 

July. 
3.7 

Aug. 
8.8 

Sept. 
3.0 

Oct. 

Nov. 

4.9 

2.9 

2.9 

18.4 

6.1 

5.6 

8.7 

8.8 

3.0 

2.9 

2.9 

9.4 

5.7 

6.0 

8.7 

8.7 

3.0 

2.9 

2.9 

7.7 

5.3        5.4 

8.7 

8.6 

8.0 

2.9 

2.9 

6.7 

5.0  !      5.9 

8.7 

8.6 

8.0 

2.9 

2.9 

5.7 

4.8        5.9 

8.7 

8.5 

8.0 

2.9 

2.8 

5.7 

4.7  '      5.4 

4.4 

8.9 

2.9 

2.9 

2.8 

5.3 

4.6  '      4.7 

6.1 

3.5 

2.9 

2.9 

2.8 

5.3 

4.5 

4.6 

5.8 

3.3 

8.0 

2.9 

2.8 

6.8 

4.4 

4.5 

7.2 

3.3 

8.0 

2.9 

2.8 

6.3 

4.3 

5.1 

8.7 

8.2 

3.0 

2.9 

2.9 

6.0 

4.2 

4.6 

7.1 

8.2 

3.0 

2.9 

2.9 

5.7 

4.2 

4.4 

5.6 

8.1 

3.0 

2.9 

2.9 

6.3 

4.2 

4.2 

5.8 

8.1 

2.9 

2.9 

2.9 

5.0 

4.2 

4.0 

4.7 

3.1 

2.9 

2.9 

2.9 

4.8 

4.2 

4.0 

4.7 

8.1 

3.0 

2.9 

2.9 

4.8 

4.2        4.4 

4.1 

8.0 

8.0 

2.9 

2.9 

4.7 

4.8 

3.9 

8.9 

8.2 

3.0 

2.9 

2.9 

4.4 

4.5 

8.9 

8.8 

8.1 

8.0 

2.9 

2.9 

4.4 

6.7 

3.9 

3.9 

8.2 

2.9 

2.9 

2.8 

4.3 

5.9 

3.7 

3.7 

8.2 

2.9 

3.3 

2.8 

4.2 

5.6 

5.7 

3.6 

8.2 

2.9 

3.3 

2.8 

4.2 

4.9 

5.5 

3.5 

8.2 

2.9 

8.2 

2.8 

4.0 

4.6 

5.3 

8.8 

8.2 

2.9 

3.1 

2.7 

4.0 

4.5 

4.4 

8.8 

8.1 

2.9 

8.1 

2.7 

4.0 

4.6 

4.0 

3.7 

8.1 

2.9 

3.0 

2.7 

4.2 

4.7 

3.5 

8.7 

8.0 

2.9 

2.9 

2.7 

4.6 

4.5 

3.8 

8.5 

3,0 

2.9 

2.9 

2.6 

6.6 

4.4 

3.7 

3.4 

3.1 

2.9 

2.9 

2.6 

7.6 

4.2 

8.7 

3.3 

8.1 

2.9 

2.9 

2.5 

•     •MB     **•      • 

I 

4.6 

3.8 

8.0 



2.9 

Dec. 


2.5 
2.8 
2.9 
8.2 
2.9 
3.1 
3.2 
8.2 
3.2 
8.1 
3.1 
3.1 
3.1 
8.1 
8.1 
3.1 
8.1 
3.1 
8.1 
8.1 
3.1 
3.1 
8.1 
3.2 
3.2 
8.2 
8.5 
3.7 
3.8 
8.8 
8.8 


alee  moved  out. 
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STREAM   MEASUREMENTS   IN   190i,  PART    IH. 


[96a  I2k 


Rating  table  for  Juniaia  River  al  Newport^  Pa.,  from  1899  to  1904- 


Oage 
height. 

Fed. 

Discharge. 
Second-feet. 

Oage 
height. 

Discharge. 

Oage 
height 

1 
Discharge. 

Oage 
height. 

Diflchaige. 

Feet. 

Second-feet. 

Jfert. 

Secondrfeet. 

FM. 

Seamd-fed. 

2.5 

230 

4.7 

5,180 

6.9 

14, 570 

10.2 

38,500 

2.6 

320 

4.8 

5,510 

7.0 

15, 170 

10.4 

40,300 

2.7 

430 

4.9 

5,850 

7.1 

15, 770 

10.6 

42,200 

2.8 

570 

5.0 

6,200 

7.2 

16, 370 

10.8 

44,100 

2.9 

750 

5.1 

6,550 

7.3 

16, 970 

11.0 

46,000 

3.0 

950 

5.2 

6,910 

7.4 

17,570 

11.2 

48,000 

3.1 

1,160 

5.3 

7,270 

7.5 

18,170 

11.4 

50. 100 

3.2 

1,370 

5.4 

f,640 

7.6 

18, 770 

11.6 

52,200 

3.3 

1,580 

5.5 

8,010 

7.7 

19,380 

11.8 

54,300 

3.4 

1,790 

5.6 

8,390 

7.8 

20,000 

12.0 

56,400 

3.5 

2,000 

5.7 

8,770 

7.9 

20,640 

12.2 

58,600 

3.6 

2,210 

5.8 

9,150 

8.0 

21,300 

12.4 

60,800 

3.7 

2,430 

5.9 

9,540 

8.2 

22,700 

12.6 

63,100 

3.8 

2,650 

6.0 

9,930 

8.4 

24,100 

12.8 

65,400 

3.9 

2,880 

6.1 

10, 330 

8.6 

25,500 

13.0 

67,  700 

4.0 

3,120 

6.2 

10,  740 

8.8 

27,000 

13.2 

70,100 

4.1 

3, 380 . 

6.3 

11,200 

9.0 

28,500 

13.4 

72,600 

4.2 

3,650 

6.4 

11,720 

9.2 

30,100 

13.6 

75.100 

4.3 

3,930 

6.5 

12, 270 

9.4 

31,700 

13.8 

77,600 

4.4 

4,220 

6.6 

12,830 

9.6 

33,400 

4.5 

4,530 

6.7 

13,400 

9.8 

35,100 

4.6 

4,850 

6.8 

13,980 

10.0 

36,800 

Mean  daily  discharge ,  in  se&md-feetj  of  Juniata  Rii^er  at  Netuport,  Pa.,  for  1904, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


Jan. 

3,650 
3,650 
4,530 
4,850 
4,850 
4,850 
4,850 
4,530 
4,530 
4,530 
4,220 
3,650 
3,380 
3,380 
3,380 
3.380 
3,120 


Feb. 


Mar. 


3,120 

6,200 

6,200 

6,200 

21,300 

24,800 

51,100 

24,800 

12,270 

6,200 

4,850 

3,650 

3,120 

2,880 

3,:W 

3,650 
4,220 


18,170 

56,400 

16,370 

73,850 

27,700 

9,930 

8,010 

80,100 

36,800 

16,370 

9,930 

9,930 

6,910 

6,910 

6,200 

5,510 

4,530 


Apr. 


13,400 

72,60o! 

31,700 

19,380 

13, 400| 

8,770| 

8,770 

7,270] 

7,270j 

11,200 

11,200 

9,930 

8, 770 

7,270 

6,200 

5,510 

5,51o! 


May. 

June. 
5,850 

13,400 

10,330 

8,390 

8,770 

9,930 

7,270 

7,640 

6,200 

9,540 

5,510 

9.540 

5,180 

7,640 

4,850 

5,180 

4,530 

4,8,W 

4,220 

4,530 

3,930 

6,550 

3,650 

4,850 

3,650 

4,220 

3,650 

3,650 

3,650 

3,120 

3,6.50 

3.120 

3,650 

4,200 

July. 


2,430 
2,430 
2,430 
2,430 
2,430 
2,430 
4.220 
6,550 
9.150 
16,370 
26,200 
16,770 
8,010 
7.2701 
5,180 
5,180 
3,880 


Aug.     Sept. 


l,5M^j 
1,580 
2,430' 
2,210| 
2,210 
2,000 
2,880l 
2,000i 
1,680, 
1,580| 
1,370 
l,87o' 

i.ieo' 

1.16o| 

1,160J 

l,160j 

960^ 


Oct. 


950 
950 
950 
950 
950 
960 
750 
750 
960 
950 
960 
950 
960 
750 
750 
%0 
»5Q 


Nov.     Deo. 


750 
750 
750 

750j 

750 
750 
750 
750 
760 
750 
750 
750 
730 
750 
750{ 


75o| 
750. 
760| 
7.'iO' 


7501 

57ol  1. 

iTOJ  1.S7 

TO  1,»7 

*70j  1.3^ 

7(J  1.15 

750j  "  " 

7»il 


750 
750 
750 
50i 


75oi        7SqI  1. 


*A1 
570 
~'^ 

i,;3 

TV) 

S70 

l.STt) 

\m 

l.ltV 

1,1* 
i.ia 
i.iffl 
i,m> 
1.  m 

IflO 


G ROVER  AND! 
HOVT.        J 


SUSQUEHANNA   KIVER   DRAINAGE   BASIN. 
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Mean  daily  discharge^  in  second-feet,  of  Juniata  River  at  Newport,  Pa^,  for  J 904 — Cont'd. 


Day. 


18. 
19. 


20 1    3,120 


21. 

22. 


3,120 
3,1*20 

23 '    7,640 

24 1  46,000 


20. 


15.170 


Feb. 

6.200 
4.850 
5,180 
5,180 
6,200 
6,200 
7.640 
16,370 


27 4,580 

28 i  3,380 

29 2,650 

30 1  2,43a 

31 2,650 


8.010!  17,570 
9,540 
5,510 
4,530 


Mar. 

4,530 

5,510 

4,530 

9,150 

8,010 

9,150 

21,300 

18,170 

14,570 

10,740 

10,740 

8,390 

6,910 

6,200 


5,180 
4,220 
4,220 
3,930 
3,650 
3,650 
3,120 
3,120 
3,120 
8,650 
4,850 
12,270 
18, 170 


June.  '  July. 


3,930 
4,530 
18,400 
9,540 
8,010 
5,850l 
4,860. 
4,53o| 
4,850 
5, 180 
4,530 
4,220 
3,650 
4,850 


2,880 
2,880 
2,880 
2,430 
8,770 
8,010 
7,270 
4,220 
3,120 
2,000 
2,660 
2,430 
2,4.30 


2,880 
2,650 
2,880; 
2,430 
2,210{ 
2,000 
2,660i 
2,(VJ0 
2,430 
2,430 
2,000 
1,790 
1,580 
1,580 


Aug. 

Sept. 

1,370 

960 

1,160 

960 

1,370 

760 

1,870 

750 

1,870 

750 

1,870 

760 

1,370 

760 

1,160 

750 

1,160 

760 

950 

750 

950 

750 

1,160 

750 

1,160 

750 

950 

1 
1 

Oct. 

760 

750 

750 

1,680 

1,580 

1,370 

1.160 

1.160 

950 

750 

760 

750 

7.'i0 

750 


Nov. 


Dec. 


750 
750 
570 
570 
570 
570 
430 


1,160 
1,160 
1,160 
1,160 
1,160 
1,160 
1,370 


480  1,370 


430 


480 
820 


1.370 


I 


2,000 
2,430 
320|  2,660 
230  2,650 
2,650 


Estimated  monthly  discharge  of  Juniata  River  at  Newport,  Pa.,  for  J 904. 

[Drainage  area,  3,476  square  mileB.] 


Month. 


January" 

February 

March 

April 

May 

June 

July 

August 

Septem>)er 

October 

November 

December 

The'  year 


Discharge  in  second-feet. 


Maximum. 


46,000 
51,100 
80,100 
72,600 
13,400 

9,930 
26,200 

2,880 
950 

1,580 
750 

2,650 


Minimum. 


Mean. 


2,430 

2,880 

4,530 

3,120 

3,650 

2,000 

1,580 

950 

750 

750 

230 

230 


80,100 


230 


5,722 

9,756 

17,150 

10, 710 

5,742 

5,160 

4,968 

1,460 

850 

856 

607 

1,344 

5,360 


Run-off. 


Second-feet 

per  rauare 

mile. 


1.66 

2.81 

4.93 

3.08 

1.65 

1.48 

1.43 
.420 
.245 
.246 
.175  . 
.386  I 

1.54     I 


Depth  in 
inchee. 


1.90 
3.03 
5.68 
3.44 
1.90 
1.65 
1.65 
.484 
.273 
.284 
.195 
.445 

20.93 


a  Frozen  January  1  to  23.    Rating  table  assumed  to  apply  correctly. 
QROAD   CREEK  AT   MILL  GREEN,    MD. 

The  basin  of  this  creek  lies  wholly  in  Harford  County,  Md.  It  is 
generally  hilly  and  is  composed  of  farming  lands.  It  is  tributary  to 
Susquehanna  River  at  a  point  a  few  miles  above  the  fall  line.  This 
station  was  established  on  December  14,  1904,  by  F.  H.  Tillinghast, 
and  is  best  reached  from  Cardiff,  Md.  A  standard  chain  gage  is 
attached  to  a  steel  highway  bridge  in  the  village  of  Mill  Green;  the 
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length  of  chain  from  the  end  of  the  weight  to  the  marker  is  14.97  feet. 
Gage  datum  is  referred  to  bench  marks  as  follows:  1.  Chiseled  square 
on  upstream  end  of  right  abutment;  elevation,  10.60  feet.  2.  Top  of 
chord  of  bridge  directly  over  pulley  of  gage;  elevation,  16.31  feet 
3.  Nail  in  large  blazed  tree  about  100  feet  upstream  from  bridge  on 
left  bank;  elevation,  12.83  feet.  All  elevations  are  above  the  datum 
of  the  gage.  The  channel  is  straight  for  200  feet  above  and  5iK)  feet 
below  the  station.  The  bed  is  rough  and  the  velocity  of  the  current 
at  the  bridge  is  small  at  low  stages  of  the  stream.  Low-water  measure- 
ments  may  be  made  by  wading  at  a  point  about  100  feet  above  the 
station.     The  gage  is  read  twice  daily  by  James  F.  Snodgrass. 

The  maintenance  of  this  station  during  1904  was  under  the  directioo 
of  N.  C.  Grover,  district  hydrographer. 

DEER  CREEK    NEAR  CHURCHVIIXE,  MD. 

This  creek  has  its  headwaters  in  York  Countv,  Pa.,  flows  south- 
easterly  through  Baltimore  and  Harford  counties,  Md.,  and  is  tribu- 
tary to  Susquehanna  River  opposite  Port  Deposit.  Its  basin  is  hilly 
and  generally  in  farming  lands.  Slopes  are  steep,  and  at  sevei'al  places 
small  power  plants  are  in  use.  This  station  was  established  December 
14,  1904,  by  F.  H.  Tillinghast,  and  is  best  reached  by  driving  from 
Belair.  A  standard  chain  gage  is  attached  to  the  highway  bridgt^  on 
the  Deer  Creek  road  about  3  miles  north  from  Churchville.  The 
length  of  chain  from  the  end  of  the  weight  to  the  marker  is  15.2<> 
feet.  The  datum  of  the  gage  is  referenced  by  the  following  bench 
marks:  1.  Chiseled  square  on  the  downstream  end  of  the  right  abut- 
ment; elevation,  14.10  feet.  2.  Top  of  eyebar  of  bottom  chord  in 
middle  of  second  panel  from  the  right  bank;  elevation,  14.68  feet 
The  channel  is  straight  for  500  feet  above  and  below  the  station.  The 
bed  is  generally  smooth,  is  composed  of  sand,  with  a  few  bowlders, 
and  is  practically  pemianent.  The  current  has  a  good  velocity  at  all 
stages.     The  gage  is  read  twice  daily,  by  Harris  Archer. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hjdrographer,  and  the  follow- 
ing measurement  was  made  November  8:  Width,  70  feet;  area  of  sec- 
tion, 86  square  feet;  mean  velocity,  .85  feet  per  second;  gage  height, 
1.48  feet;  discharge,  73  second-feet. 

GUNPOWDER  RIVER  DRAINAGE  BASIN. 

The  headwaters  of  Gunpowder  River  lie  in  York  Countj%  Pa.,  near 
the  Maryland  line.  Thence  the  river  flows  southeasterly  through 
Baltimore  County,  Md.,  and  empties  into  Chesapeake  Bay  about  h) 
miles  northeast  of  Baltimore.     The  river,  although  small,  has  steep 


®*^HOYT^^'*]  GUNPOWDER   RIVER   DRAINAGE   BASIN.  57 

slopes,  and  the  powers  have  considerable  value  on  account  of  the  small 
distance  to  a  large  city.  A  portion  of  the  water  supply  for  Baltimore 
is  taken  from  this  river  at  Loch  Haven,  and  the  city  has  purchased  all 
power  rights  below  this  place.  As  the  city  increases  in  size  it  is  prob- 
able that  a  larger  proportion  of  the  flow  of  the  river  will  be  taken. 
Little  Gunpowder  Falls,  which  is  tributary  below  the  fall  line,  has  the 
same  general  characteristics  as  the  larger  river.  Throughout  its  entire 
length  it  forms  the  boundary  line  between  Harford  and  Baltimore 
counties,  Md.     There  are  several  small  power  developments. 

GUNPOWDER  FALLS  AT  GLENGOE,  MD. 

This  station  was  established  on  December  16,  1904,  by  F.  H.  Til- 
linghast.  It  is  located  at  a  steel  highway  bridge  near  the  Pennsylvania 
Railroad  station  of  Glencoe.  A  standard  chain  gage  is  attached  to 
the  upstream  truss  of  the  bridge.  The  length  of  the  chain  from 
the  end  of  the  weight  to  the  marker  is  22.13  feet. ,  It  is  referenced  by 
bench  marks  as  follows:  (1)  Chiseled  cross  on  downstream  corner  of 
left  abutment;  elevation,  18.30  feet.  (2)  Top  of  iron  standard  of  gate 
at  railroad  crossing  nearest  bridge;  elevation,  19.77  feet.  The  channel 
is  straight  for  a  distance  of  300  feet  above  and  300  feet  below  the  sta- 
tion. The  l)ed  is  smooth  and  of  sand,  shifting  slightly.  The  velocity 
of  the  current  is  good  at  all  stages  of  the  river.  The  gage  is  read 
twice  daily  by  Samuel  Wilhelm,  the  station  agent  at  Glencoe. 

The  maintenance  of  this  station  during  1904  was  under  the  direction 
of  N.  C.  Grover,  district  hydrographer. 

LITTLE  GUNPOWDER  FALLS  NEAR  BELAIR,  MD. 

This  station  was  established  on  December  13,  1904,  by  F.  H.  Till- 
inghast.  A  standard  chain  gage  is  attached  to  a  steel  highway  bridge 
on  the  road  from  Belair  to  Kingsville  and  at  a  distance  of  about  9 
miles  from  Belair,  from  which  place  it  is  best  reached  by  livery. 
The  length  of  chain  from  the  end  of  the  weight  to  the  marker  is  13.36 
feet.  Its  datum  is  referred  to  bench  marks  as  follows:  1.  Chiseled 
.square  on  downstream  end  of  right  abutment;  elevation,  13.36  feet. 
2.  Top  of  pulley  wheel;  elevation,  12.96  feet.  The  measurements  are 
made  from  the  upstream  side  of  the  bridge  to  which  the  gage  is 
attached.  The  channel  is  straight  for  300  feet  above  and  100  feet  below 
the  station.  The  bed  is  sand,  with  bowlders,  and  may  shift  slightly  in 
the  sand.  The  velocit}'^  of  the  current  is  good  at  all  stages.  There  is 
a  flood  plain  about  100  feet  wide  on  the  right  bank.  The  gage  is  read 
twice  daily  by  A.  D.  Unkaili. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 
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Discharge  meaguremenU  of  Little  Gunpowder  FoUU,  near  Bekar^  Md,,  tn  1^4- 


Date. 

Hydrograpber. 

Width. 

> 

Area  of 
section. 

Mean 
velocity. 

Gaffe 
hei^t. 

Disrhazire. 

November  8  . .  . 
November  30 . . 

N. 

C.  Grover 

..do 

Feet. 

33 

27.5 

Sq.Jeti, 

27 
30 

FLpertee. 
1.22 

1.27 

PeeL 
1.40 

1.46 

Senmd-J'f: 
35? 

PATAP8CO  RIVER  DRAINAGE  BASIN. 


Patapsco  River  is  formed  b}^  the  junction  of  the  North.  Branch  and 
the  South,  or  Piney  Branch,  near  Mariottsville,  Md.,  and  flows  in  a 
southeasterly  direction  into  Chesapeake  Bay  13  miles  south  of  Balti- 
aiiore.  Both  branches  rise  in  the  central  part  of  Maryland,  and  the 
whole  basin,  which  has  an  area  of  about  350  square  miles,  lies  within 
that  State. 

The  river  carries  a  small  volume  of  water,  but  has  considerable  slopt*. 
so  that  a  large  number  of  water  powers  have  been  developed  along  it> 
course.  These,  although  small,  are  made  valuable  by  their  proximity 
to  a  large  city. 

The  drainage  basin  is  hilly  and  largely  under  cultivation.  It  ha^^ 
no  lakes  or  artiBcial  reservoirs,  and  the  flow  of  the  stream  is  variable. 
The  maximum  estimated  flow  at  the  gaging  station  at  Woodstock, 
Md.,  where  the  drainage  area  is  250  square  miles,  is  about  12,(K»«» 
cubic  feet  per  second,  while  the  minimum  estimated  flow  has  been 
about  70  cubic  feet  per  second.  The  record  from  which  these  esti- 
mates have  been  taken  extends  over  a  period  of  eight  and  one- 
half  years.  The  freshets  do  not,  however,  cause  very  large  rises  of 
the  water,  })ecause  of  the  steep  slope  of  the  stream.  The  maximuui 
recorded  difference  in  gage  height  at  Woodstock  has  been  18  feet, 
while  the  usual  range  within  a  year  is  about  3  or  4  feet. 

The  bed  is  generally  rock.  The  banks  are  of  rock  and  very  little 
land  is  subject  to  overflow.  The  Baltimore  and  Ohio  Railroad  fol- 
lows the  stream  closely  throughout  nearly  its  entire  length. 

PATAPSCO  RIVER  AT   WOODSTOCK,   MD. 

This  station  was  established  August  6,  1896,  by  E.  G.  Paul.  The 
original  wire  gage  was  destroyed  when  the  bridge  was  repaired  Janu- 
ary 20-25,  1899.  A  new  wire  gage  was  established  January  30,  1899. 
on  the  same  datum.  A  standard  chain  gage  was  installed  by  W.  C. 
Sawyer,  November  11,  1903,  on  the  upper  side  of  the  bridge.  The 
datum  was  not  changed.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker  is  28.28  feet.  The  bench  mark  is  a  United 
States  Geological  Surve}-  standard  copper  bolt  set  in  the  face  of  the 
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retaining  wall  at  the  entrance  to  the  college  grounds  at  the  north  end 
of  the  bridge.     Its  elevation  is  22.06  feet  above  gage  datum.     Dis- 
charge measurements  are  made  from  the  upper  side  of  the  iron  high- 
way bridge  to  which  the  gage  is  attached.     It  is  located  li  miles  below 
the  junction  with  the  North  Branch  and 'near  the  railroad  station.     The 
initial  point  for  soundings  is  near  the  right  bank.     The  channel  is 
straight  for  150  feet  above  and  several  hundred  feet  below  the  station. 
At  ordinary  stages  the  river  flows  in  one  channel  100  feet  wide;  at 
high  stages  it  flows  in  two  channels  220  feet  wide.     The  velocity  is 
rapid.     Both  banks  are  high  and  are  not  subject  to  overflow.     The 
right  bank  is  without  trees;  the  left  is  wooded.     The  bed  of  the  stream 
is  rough  and  is  composed  of  bowlders  and  cobblestones.     It  is  subject 
to  slight  change  at  extreme  high  water. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Patapsco  River  at  Woodstock^  Md. ,  in  1904. 


1 

Date.                        Hydrc^rapher. 

width. 

Feet. 
102 
59 
43 

Aieaof 
section. 

Mean 
velocity. 

Gage 
height. 

Discharge. 

1 

July  12 Grover  and  Hoyt 

September30..    E.  C.  Murphy 

• 

September  30  ^^ do 

Sq.feet. 
89 
34 
23 

Ft.  per  sec. 
2.02 
1.18 
1.74 

3.91 
3.25 
3.25 

Second-feet, 
180 
40 
40 

a  Wading  4  mile  above. 
Mean  daily  gage  height,  in  feet,  of  Patapsco  River  at  Woodstock,  Md.,  for  1904. 


Day. 


1. 
2. 
3. 


4 a4.00 


5. 

6. 

7. 

8. 

9. 

10. 

11- 

12. 

13- 

14. 

15- 

16. 

17. 

18. 

19. 

20. 

21. 


Jan. 

3.95 
3.95 
3.95 


a4.00 

14.00 

a4.00 

04.00 

14.00 

a4.00 

a  4. 00 

a4.00 

(«) 

(«) 

(«) 

(») 

(«) 

(«) 

(«) 

(«) 

(«) 
22 Ic7.05 


Feb. 

3.95 
3.90 
3.90 
3.85 
3.85 
3.85 
5.75 
3.85 
3.75 
3.75 
3.75 
3.75 
3.75 
3.70 
3.70 
3.70 
3.70 
3.80 
3.80 
3.85 
4.00 
11.30 


Mar. 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
5.65 
5.10 
4.90 
4.45 
4.35 
4.10 
3.95 
4.05 
4.10 
3.90 
4.10 
4.05 
4.10 
4.10 
4.20 


Apr. 


4.15 
4.15 
3.95 
8.90 
3.85 
3. 75 
4.00 
3.95 
4.10 
3.85 
3.90 
3.85 
3.75 
3.80 
3.70 
3.85 
3.70 
3.80 
3.75 
3.70 
3.70 
3. 75 


May. 


3.60 
3. 75 
3.75 
3.70 
3.75 
3.65 
3.75 
3.55 
3. 75 
3.90 
3. 75 
3.70 
3.65 
3.70 
4.20 
3.90 
3.65 
3.70 
4.00 
3.75 
3.70 
3.55 


June. 

July. 
3.60 

3.65 

3.60 

3.60 

3.70 

3.55 

3.65 

3.40 

3.50 

3.50 

4.10 

3.4;'» 

3.85 

3.80 

3.75 

5. 15 

3.60 

4.  a') 

3.65 

3.60 

3.80 

4.10 

8.45 

&5.55 

3.75 

4.75 

3. 55 

3.80 

3.60 

3.&') 

3.50 

3.65 

(Ice. 


^  Maximum  height  7.3. 


3. 70  3. 50  I 

3.60  3.55 

3.60  3.60  I 

3.65  8.55 

3. 60  3. 50  I 

3.60  3.50, 
cBrealcing  ufvof  ice. 


Aug. 

3.65 
3.60 
3.90 
3.75 
3.75 
3.70 
8.60 
3.55 
3.50 
3.55 
3.55 
3.70 
3.40 
3.45 
3. 45 
3.36 
3.55 
3.60 
8.50 
4. 15 
3.85 
8.95 


Sept. 

Oct. 

3.40 

3.45 

8.45 

3.40 

3.35 

3.40 

3.55 

3.36 

3.50 

3.86 

3.40 

8.50 

3.40 

3.40 

3.40 

3.45 

3.35 

3.45 

3.35 

3.45 

3.30 

3.50 

3.40 

4.05 

8.45 

4.00 

3.70 

3. 75 

5.05 

8.70 

8.85 

3.55 

3.45 

3.50 

8.36 

3.50 

3.56 

3.45 

3.50 

3.50 

8.55 

5.86 

3.50 

4.00 

Nov. 


3.60 
3.50 
3.46 
3.40 
3.40 
3.50 
3.45 
3.45 
8.60 
3.55 
4.10 
8.70 
8.&5 
4.10 
4.00 
3.95 
3. 85 
3.80 
3.85 
3.80 
3.80 
3.70 


Dec. 


3.66 
8.65 
3.60 
8.60 
'3.66 
8.65 
3.50 
8.66 
8.56 
8.85 
3.70 
3.65 
8.85 
8.85 
3.90 
4.05 
4.00 
4.05 
4.10 
4.00 
8.95 
4.00 


Maximum  gage  height  10.1. 
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Mean  daily  gage  Jieighty  in  feet,  of  Patapgco  River  at  Woodstock,  Md.,  for  1904 — Gon:''L 


Day. 


23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 

Feb. 
4.76 

Mar. 

Apr. 
3.70 

May. 
3.70 

June. 
3.50 

July. 
3.50 

7.10 

4.20 

4.05 

4.05 

4.10 

3.65 

3.75 

3.45 

3.76 

4.05 

4.05 

4.00 

3.85 

3.60 

3.30 

3.90 

4.a5 

4.05 

4.05 

3.75 

3.60 

3.55 

3.60 

4.05 

4.05 

4.00 

3.86 

3.60 

3.65 

3.55 

4.05 

4.05 

3.95 

3.90 

3.60 

3.65 

3.60 

4.05 

4.05 

3.85 

4.00 

3.45 

3.55 

3.56 

3.95 

3.95 

3.80 

3.55 

8.50 

3.60 

4.00 

4.ff> 

3.75 

3.55 

Aug.  Sept.   Oct.  1  Nov.  I»» 


3.80 
3.66 
8.60 
3.55 
3.55 
3.40 
3.35 
3.40 
3.35 


3.55  ■  8.60 


3.45 

8.56 

3.45 

3.50 

3.45 

3.50  . 

3.55 

3.55  ' 

3.60 

3.45 

3.45 

3.45 

3.50 

3.45 

3.60 

3.60 
3.60 
3.60 
3.  SO 
3.65 
3. 55 
3.60 
3.60 


4.U 

4.2 
4.11 

4.* 


POTOMAC  RIVER  DRAINAGE  BA8IX. 

Potomac  River,  which  drains  a  total  area  of  about  14,500  square 
miles,  is  formed  by  the  junction  of  the  North  and  South  branches 
about  15  miles  below  Cumberland,  Md.,  thence  it  pui'saes  a  jM>uih- 
easterly  course,  forming  for  its  entire  length  the  southerly  boundarv 
for  the  State  of  Maryland  and  the  northerly  boundaries  for  the  Staiesi 
of  West  Virginia  and  Virginia,  and  empties  into  Chesapeake  Bay. 

The  North  Branch  rises  in  the  AUeghenies  near  the  western  comer 
of  the  State  of  Maryland,  and  the  South  Branch  rises  in  the  AUe- 
ghenies in  Virginia  and  West  Virginia.  These  branches,  with  their 
tributaries  and  the  tributaries  of  the  main  stream  as  far  down  a^^ 
Shenandoah  River,  drain  a  series  of  narrow  and  generally  fertile  val- 
leys lying  between  the  parallel  I'anges  which  make  up  the  system  of 
the  AUeghenies  in  this  region.  Their  slopes  are  not  as  a  rule  very 
large,  and  their  beds  are  of  gravel  and  sand.  The  slopes  of  their 
drainage  basins  are,  however,  generally  very  steep,  and  after  a  rain 
the  water  collects  quickly  in  the  rivers.  There  are  few  lowlands 
to  ov^erflow  and  no  lakes  whatever  in  the  region,  consequently  these 
streams,  and  with  them  the  Potomac  River,  are  subject  to  very  sudden 
and  heavy  freshets,  while  in  dry  seasons  their  discharge  becomes 
small.  The  record  of  gage  height  at  Point  of  Rocks,  Md.,  covering 
a  period  of  nearly  ten  years,  shows  a  maximum  range  in  gage  height 
of  29  feet,  and  for  several  of  the  years  the  range  has  been  more  than 
20  feet  in  each  year.  The  corresponding  maximum  and  minimum 
discharges  have  been  estimated  at  217,000  and  4:00  cubic  feet  per  sec- 
ond, respectively. 

The  slopes  of  the  tributary  basin  of  Shenandoah  River  are,  in  many 
instances,  steep,  but  the  valley  through  which  it  flows  is  generally 
broader  and  more  lands  are  subject  to  overflow.  The  slope  of  the 
river  itself  is  usually  greater  than  the  slopes  of  the  tributaries  above 
mentioned.  As  a  result  the  fluctuations  in  this  stream  are  not  so 
great,  having  a  maximum  range  of  about  19  feet  at  Millville  in  ten 
years,  while  the  average  annual  fluctuation  is  10  feet  or  less.     The 
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discharge  in  this  period  has  ranged  between  57,000  and  300  cubic  feet 
per  second. 

From  the  junction  of  its  two  branches  below  Cumberland,  Md.,  the 
Potomac  cuts  through  the  mountains  at  nearly  right  angles.  Its  val- 
ley is  narrow,  its  slope  in  many  places  great,  the  bed  is  generally 
<rnivel  and  bowlders  with  ledge  rock  at  a  small  depth,  which  often 
appears  at  the  surface.  The  banks  are  generally  high  and  not  subject 
to  overflow.  It  crosses  the  fall  line  a  few  miles  above  Washington 
and  reaches  tidewater  at  Georgetown.  As  a  water-power  stream  the 
principal  disadvantage  is  the  wide  variability  of  its  flow.  All  other 
conditions  are  favorable.  A  very  insignificant  amount  of  water  power 
has  been  developed. 

The  Baltimore  and  Ohio  Railroad  follows  the  river  for  its  entire 
length,  while  the  Shenandoah  Valley  Raih'oad  and  the  Cumberland 
Valley  Railroad  cross  the  stream.  The  Chesapeake  and  Ohio  Canal 
follows  it  from  Cumberland  to  Georgetown. 

The  United  States  Weather  Bureau  maintains  river  stations  in  this 
basin  as  follows: 

Potx)mac  at  Cumberland,  Md. 
Potomac  at  Harpers  Ferry,  W.  Va. 
Shenandoah  at  Riverton,  Va. 

During  1904  the  United  States  Geological  Survey  has  maintained 
gaging  stations  in  this  basin  as  follows: 

Potomac  at  Point  of  Rocks,  Md. 

Potomac  (North  Branch)  at  Piedmont,  W.  Va. 

Potomac  (South  Branch)  at  Springfield,  W.  Va. 

Antietam  at  Sharpsbui^g,  Md. 

Shenandoah  at  Millville,  W.  Va. 

Shenandoah  (South  Branch)  at  Front  Royal,  Va. 

Shenandoah  (North  Branch)  at  Riverton,  Va. 

Monocacy  at  Frederick,  Md. 

POTOMAC    RIVER   (nORTH    BRANCH)  AT   PIEDMONT,  W.  VA. 

This  station  was  established  June  27,  1899,  by  E.  G.  Paul.  It  is 
located  at  the  iron  highway  bridge  connecting  Luke,  Md.,  with  Pied- 
mont, W.  Va.  The  standard  chain  gage  is  attached  to  the  hand  rail 
on  the  lower  side  of  the  bridge  in  the  span  next  to  the  right  bank. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
38.87  feet.  The  bench  mark  is  the  top  of  a  small  shoulder  in  the  face 
of  the  sandstone  ledge  which  forms  the  right  abutment  of  the  bridge. 
It  is  about  4  feet  above  the  ground  and  10  feet  downstream  from  the 
bridge.  The  point  is  indicated  by  an  arrow  cut  in  the  vertical  face  of 
the  ledge.  Its  elevation  is  20.40  feet  above  gage  datum.  Discharge 
measurements  are  made  from  the  lower  chord  of  the  bridge  to  which 
the  gage  is  attached,  from  the  downstream  side.  The  initial  point  for 
soundings  is  the  face  of  the  pier  on  the  right  bank.     The  channel  is 
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straight  for  1,200  feet  above  and  600  feet  below  the  station.  The  cur- 
rent has  a  moderate  velocity.  The  right  bank  is  high  and  rockv  and 
will  not  overflow.  The  left  bank  is  low  and  liable  to  overflow,  but  all 
water  passes  beneath  the  bridge.  The  bed  of  the  stream  is  composed 
of  gravel  and  cobblestones,  is  free  from  vegetation  and  is  permanent. 
The  gage  is  read  twice  each  day  by  Charles  H.  Beck. 

The  observations  at  this  station  during  1904:  have  been  made  under 
the  direction  of  N.  C.  tjrover,  district  hydrographer. 

Discharge  measurements  of  Potomac  River  (North  Branch)  at  Piedmont,  W.  ?  a,,  tn  750^ 


Date. 


July  8 

September  9 . 
September  28 


Hydrographer. 


Width. 


Hoyt  &  Hall. 
E.  C.  Murphy 
do 


J^t. 
115 

50 

47 


Area  of 
section. 


Sq.feet. 

158 

21 

27 


Mean 
velocity. 


Ga^e 
height. 


Discbaisne. 


Ft.  per  tec. 
0.73 

.62 

.74 


FeeL 
2.80^ 

1.99 

1.99 


Sccot&d-fftL 
116 

13 


Mean  daily  gage  height,  infect,  of  Potomac  River  {North  Branch)  at  Pfedtnont,  W.  la., 

for  1904. 


Day. 


1 
2 
3 
i 

6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1ft 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25. 
26. 
27. 
28. 
29. 
30. 
31 


Jan. 

1 
Feb. 

2.90 

3.20 

2.95 

3.05 

3.00 

3.10 

3.55 

3.05 

3.10 

3.05 

2.95 

3.10 

3.15 

6.20 

3.00 

6.10 

2.90 

4.70 

2.80 

4.a5 

2.80 

3.80 

2.80 

3.60 

2.70 

3.25 

2.70 

3.35 

2.60 

3.45 

2.60 

3.25 

2.60 

3.05 

3. 15 

3.00 

3.00 

3.10 

2.95 

3.00 

3.80 

3.20 

a6.80 

4.45 

6.65 

4.26 

5.30 

4.85 

4.25 

4.10 

4.00 

3.70 

3.55 

3.55 

3.25 

3.50 

3.30 

4.75 

3.40 

3.25 

Mar. 


4.70 
4.55 
4.85 
5.55 
4.40 
4.20 
4.65 
5.55 
4.70 
4.30 
4.25 
4.30 
4.a5 
3.95 
3.85 
3.65 
3.55 
3.85 
3.95 
4.40 
4.50 
4.95 
6.60 
5.60 
5.05 
4.95 
4.80 
4.40 
4.10 
4,00 
4.45 


Apr. 

4.70 
5.25 
4.75 
4.36 
4.15 
4.00 
8.90 
3.90 
4.30 
4.15 
3.95 
3.85 
3.&5 
3.70 
3.70 
3.75 
3.90 
3.80 
3.70 
3.60 
3.50 
3.45 
3.40 
3.35 
3.45 
3.90 
4.65 
5.25 
4.95 
4.56 


May.    June.    July 


4.45 
4.20 
X95 
3.86 
3.76 
3.65 
3.60 
3.50 
3.60 
3.60 
3.46 
3.35 
3.20 
3.20 
3.40 
3.40 
3.20 
3.70 
5.96 
5.00 
5.00 
4.60 
4.25 
4.05 
3.90 
3.75 
3.85 
3.85 
3.60 
3.50 
3.50 


3.95 
3.85 
3.80 
3.70 
3.80 
3.90 
8.75 
8.60 
3.50 
8.60 
3.50 
3.40 
3.26 
3.20 
3.20 
3.00 
3.10 
3.00 
2.90 
3.00 
3.05 
3.60 
3.46 
8.05 
2.90 
2.80 
2.70 
2.75 
3.25 
3.05 


3.00 
3.10 
3.05 
2.85 
2.70 
2.66 
2.70 
2.80 
2.80 
8.46 
S.20 
8.05 
2.90 
2.80 
2.70 
2.60 
2.50 
2.45 
2.35 
2.35 
2.50 
2.90 
3.20 
2.90 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.40 


Aug. 

2.85 

2.66 

2.40 

2.40 

2.40 

2.35 

2.25 

2.20 

2.05 

2.16 

2.20 

2.20 

2.20 

2.20  i 

2.15 

2.15 

2.20 

2.10 

2.10 

2.15 

2.20 

2.20 

2.20 

2.20 

2.20 

2.10 

2.10 

1.90 

2.00 

2.00 

1.90 


Sept. 


1.90 
1.90 
2.00 
1.85 
2.00 
2.10 
1.90 
1.90 
1.95 
2.10 
2.00 
2.00 
2.00 
2.00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.00 
2.10 
2.15 
2,10 
2.10 
1.90 
2.05 
2.00 
2,00 
2.00 
2.00 


Oct. 

2.00 
2.0O 
2.05 
2.00 
1.95 
1.96 
2  00 
2.15 
2,10 
2.10 
2.15 
2.20 
2.40 
2.25 
2.20 
2.15 
2.10 
2.05 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.20 
2.10 
2.00 
2,10 


Nov.     Dec- 


2.00 

2.00 

2.05 

2.10 

2.10 

2.00 

2.10 

2.10 

2.10 

2.10 

2.20 

2.  JO 

2.20 

2.20 

2,30 

2.20 

2.20 

2. 2D 

2.30 

2.90 

2.30 

2.30 

2.30 

2.90 

2.25 

2.25 

2.20 

2.15 

2.10 

2.10 


2.1G 

2.05 

13D 

2.90 

2.» 

2. 2D 

2.'J5 

2.20 

X05 

2.00 

2,10 

2.10 

2.30 

2.30 

2.30 

2.90 

2.90 

2.30 

2.» 

2.30 

2.30 

2.90 

2.90 

2.45 

4.* 

4.  OP 

4.10 

4,» 

4.06 

S.20 

3.20 


alee  went  out  1.05  p.  m. 
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POTOMAC   RIVEB  AT  POINT  OF  ROCKS,  MD. 

This  station  was  established  by  C.  C.  Babb,  February  17,  1895,  at 
the  steel  highway  bridge  at  Point  of  Rocks,  Md.     As  originally  placed, 
the  gage  was  located  in  the  third  span  of  the  bridge  from  the  north 
shore.     The  next  year  (1896)  the  wire  became  rusted  and  broke  fre- 
quently, and  a  new  wire  gage  was  placed  on  the  lower  side  of  the  first 
span  of  the  bridge  and  referred  to  a  different  datum.     During  1897 
there  was  a  further  change  in  the  length  of  the  wire  of  the  gage, 
which  was  not  recorded,  and  therefore  it  has  been  necessary  to  discard 
the  records  during  those  two  years — that  is,  1896  and  1897.     The 
length  of  the  cable  of  the  original  wire  gage  was  44.22  feet.     The 
measurements  of  1895  are  considered  correct  within  themselves,  but 
there  was  a  difference  between  the  datum  of  that  gage  and  that  of  the 
present  standard  of  0.4  foot,  making  it  necessary  to  deduct  that  amount 
from  the  gage  readings  of  1895  in  order  to  reduce  them  to  the  present 
datum. 

Since  January  25,  1898,  there  has  been  no  change  in  the  datum  of 
the  gage.  At  that  time  it  was  referred  to  a  bench  mark,  which  is  a 
copper  bolt  in  a  large  capstone  on  the  lower  wing  wall  of  the  north 
abutment,  about  10  feet  from  the  north  end  of  the  first  iron  truss  and 
41.75  feet  above  the  datum  of  the  gage.  A  second  bench  mark  was 
established  in  July,  1904.  It  is  a  cross  chiseled  on  the  lower  step  of 
the  upstream  wing  wall  on  the  left  bank  of  the  river,  being  just  across 
the  towpath,  15  feet  from  the  canal.  Its  elevation  is  24  feet  above 
gage  datum. 

A  standard  chain  gage  was  installed  at  this  station  September  2, 
1902,  to  take  the  place  of  the  wire  gage  then  in  use.  It  is  bolted  to 
the  guard  rail  on  the  lower  side  of  the  bridge  in  the  second  span  from 
the  left  bank.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  marker  is  44.22  feet. 

Discharge  measurements  are  made  from  the  eight  span  steel  toll 
bridge  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  the  left  end  of  the  lower  guard  rail,  0.4  foot  beyond  the  center  of 
the  end  pin,  on  the  downstream  side  of  the  bridge.  The  channel  is 
straight  for  500  feet  above  and  200  feet  below  the  station.  It  is  1,300 
feet  wide,  broken  by  7  bridge  piers.  Both  banks  overflow  only  at 
extremely  high  water  and  are  not  wooded.  In  the  two  right  spans  the 
bed  is  composed  of  mud  and  is  subject  to  some  change;  in  the  other 
spans  the  bed  is  composed  of  gravel  and  cobblestones  and  is  perma- 
nent. The  current  does  not  flow  at  right  angles  with  the  bridge  in  all 
of  the  spans.  The  gage  is  read  once  each  day  by  George  H.  Hickman. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 
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Discharge  measurements  of  Potomac  River  at  Point  of  Rocks,  Md.,  in  1904. 


Date. 

Hydrographer. 

Width. 

Feet, 
1,104 

• 

Area  of 
section. 

Mean 
velocity. 

Gnge 
height. 

Disrh*rF*'- 

July  11 

Hoyt  and  G  rover 

Sq.Jl, 

6,725 

Ft,  per.  dec. 
2.50 

FeeL 
«3.87 

16, 85) 

aGa^e  varied  0.82  durin^r  measurements. 


Mean  daily  gage  frnght,  in  feel,  of  Potomac  Rircr  at  Point  of  Rocks,  Md.,  for  1904^ 


Day. 

Jan. 

Feb. 

3.0 
2.9 
2.9 
3.3 
4.8 
4.9 
4.9 
3.3 
3.5 
5.7 
5.0 
3.9 
3.6 
3.5 
3.4 
3.8 
3.8 
3.9 
3.9 
3.8 
3.8 
4.5 
5.6 
6.0 
6.6 
6.6 
7.6 
6.6 
6.0 

Mar. 

5.3 
4.4 
4.0 
3.8 
4.0 
4.2 
4.5 
5.0 
4.8 
5.4 
4.5 
3.8 
3.3 
2.8 
2.6 
2.4 
2.4 
2.2 
2.1 
2.2 
2.3 
2.4 
2.5 
2.7 
3.7 
3.4 
3.0 
2.8 
2.6 
2.5 
2.4 

Apr. 

2.4 
2.6 
3.0 
3.5 
3.1 
3.5 
3.0 
2.4 
2.3 
2.3 
2.6 
3.1 
2.8 
2.6 
2.5 
2.2 
2.1 
2.1 
2.0 
1.9 
1.9 
1.8 
1.7 
1.7 
1.6 
1.5 
1.6 
2.0 
3.7 
6.3 

May. 

5.6 
4.0 
3.6 
3.0 
2.8 
2.6 
2.5 
2.8 
2.7 
2.6 
2.5 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
2.2 
2.3 
3.1 
6.2 
4.7 
4.0 
3.6 
3.1 
2.8 
2.5 
2.4 
2.3 
2.2 
2.4 

June. 

July. 

1.4 
1.3 
1.3 
1.3 
1.2 
1.5 
1.5 
1.6 
1.6 
1.7 
2.9 
2.6 
3.4 
3.1 
3.0 
2.8 
2.4 
2.0 
1.8 
1.6 
1.4 
1.4 
1.3 
1.3 
1.3 
1.4 
1.4 
1.4 
1.5 
1.5 
1.5 

Aug. 

Sept. 

0.9 
.8 
.8 
.8 
.9 

1.0 
.9 
.8 
.7 
.7 
.7 
.8 

1.0 
.9 
.9 

1.0 

1.0 
.9 
.8 
.7 
.8 

1.0 
.9 
.8 
.8' 
.8 
.7 
.7 
.7 
.7 

Oct 

Nov. 

t 

1 

1.5 
1.5 
2.0 
2.3 
1.8 
1.5 
1.5 
1.6 
1.6 
1.6 
1.6 
1.7 
1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
2.0 
4.0 
5.2 
a7.4 
5.1 
3.6 
3.3 
3.2 
3.0 
3.0 

6.7 
7.8 
6.2 
4.6 
1.1 
5.0 
4.4 
4.0 
3.6 
3.2 
2.8 
2.6 
2.5 
2.4 
2.2 
2.1 
2.0 
1.8 
1.6 
1.5 
1.6 
2.5 
3.0 
2.8 
2.5 
2.1 
1.7 
1.5 
1.5 
1.4 

1.4 
1.3 
1.2 
1.2 
1.2 
1.2 
1.3 
1.4 
1.5 
1.4 
1.3 
1.3 
1.2 
1.2 
1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
.9 
.9 
1.0 
1.0 
2.0 
1.1 
1.1 
1.0 
1.0 
.9 

0.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.5 
.5 
.5 
.6 

-' 
.7 
.6 
.6 
.5 
.5 
.5 
.6 
1.0 
.9 
.8 
.7 

.  4 

.7 
.  t 

rr 
.  1 

.6 
.6 
.6 

0.6 
.6 

.7 
.7 
.  * 

.7 
.7 

.7 
.7 

.  f 

.7 

.7 
.8 
.8 

.8 
.7 

.8 
.S 

.8, 
.7 

.  4 

.7 
.7 

.7  1 

1 
m 

.7 

.8 
.8 

a" 

2 

« 

3 

4 

4 

!         .• 

5 

* 

6 

1 

7 

8 

« 

9 

« 

10 

.s 

11 

.> 

12 

.? 

13 

.s 

14 

.? 

15 

.9 

16 

.9 

17 

.5 

18 

.« 

19 

.? 

20 

L<l 

21 

1.0 

22 

1.0 

23 

LO 

24 

i.e 

25 

26 

27 

28 

29 

30 

31 

LI 
1,4 
LS 
■L^ 

l.^ 

2C 

a  Ice  gorge  caused  river  to  rise. 
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Rating  table  for  Potomac  River  at  Foitit  of  Rocks,  3frf.,  from  January  1  to  December 

SI,  1904. 


Gage 
height. 

Diachaige. 

Gage 
height. 

IHschaiige. 

Gage 
height. 

Discharge. 
Second-fret. 

Gage 
height. 

Diflchaige. 
Second-feet. 

F^oet, 

Seeondrfed. 

Feet. 

Second-feet. 

Feet. 

ly^. 

1       0.50 

1,300 

1.80 

5,590  ' 

3.00 

11,455 

,       5.20 

1 

23,660 

.60 

1,346 

1.90 

6,070 

3.10 

11,950 

5.40 

24, 970 

.70 

1,445 

2.00 

6,550 

3.20 

12,450 

5.60 

26,320 

1         .80 

1,640 

1 

2.10 

7,035 

3.40 

13,470 

5.80 

27, 710 

.90 

1,900 

2.20 

7,520  , 

3.60 

14,500 

6.00 

29,140 

1.00 

2,200 

2.30 

8,oa5 

3.80 

15,550  ' 

6.50 

32,790 

1.10 

2,550 

2.40 

8,490 

4.00 

16, 620 

7.00 

36,440 

1.20 

2,935  i 

2.50 

8,980 

4.20 

17,  710 

7.50 

40,290 

1       1.30 

3,340 

2.60 

9,475 

4.40 

18,820 

8.00 

44,140 

1.40 

3,760 

2.70 

9,970 

4.60 

19,970  ' 

9.00 

52,240 

1.50 

4,195 

2.80 

10,465 

4.80 

21,160 

10.00 

60,540 

1.60 

4,645  ' 

2.90 

10,960  1 

5.00 

22,390 

11.00 

68,940 

1.70 

5,110 

I 

1 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
dischai^  measurements  made  during  1900  to  1904,  inclusive.  It  is  not  very  well 
defined.  Above  gage  height  10  feet  the  rating  curve  is  a  tangent,  the  difference 
being  840  per  tenth. 

Estimated  manihly  discharge  of  Potomac  River  at  Point  of  Rocks,  Md.,for  1904- 

[Drainage  area,  9,6&4  nquare  mileH.] 


Month. 


January ., 

Februarv 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  necond-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 
8,757 

Second-feet 

perrauare 

mile. 

Depth  In 
inches. 

39,520 

4,195 

0.907 

1.05 

41,060 

10,960 

20, 180 

2.09 

2.25 

24, 970 

7,035 

13,460 

1.39 

1.60 

31,330 

4,195 

9,270 

.960 

1.07 

30,600 

7,035 

1     11,540 

1.20 

1.38 

42,600 

3,760 

12, 120 

1.26 

1.41 

13, 470 

2,935 

5,612 

.581 

.670 

6,550 

1,900 

2,872 

.297 

.342 

2,200 

1,445 

1,742 

.180 

.201 

2,200 

1,300 

1,414 

.146 

•     .168 

1,640 

1,345 

1,490 

.154 

.172 

6,550 

1,640 
1,300 

2, 550 

.264 

.304 

42,600 

7,584 

.786 

10. 617 

IRR  126—05- 
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POTOMAC   RIVER   (sOUTH   BRANCH)   NEAR   SPRINGFIEIX),  W.   VA. 


A  gaging  station  was  established  at  the  Baltimore  and  Ohio  Railn»d 
bridge,  3  miles  southwest  of  Springfield,  by  C.  C.  Babb,  in  April,  185*4. 
This  station  was  discontinued  in  1896  for  want  of  an  observeT.  On 
June  26,  1899,  a  station  was  established  by  E.  G.  Paul  at  the  highway 
bridge  li  miles  below  the  original  station,  near  Grace  Station.  This 
bridge  was  carried  away  by  flood  in  February,  1902.  The  pre4>ent 
station  was  established  August  28,  1903,  by  E.  G.  Paul.  It  is  located 
at  the  steel  highway  bridge  2^  miles  east  of  Springfield,  W.  Va.  The 
bridge  has  two  spans  of  150  feet  each.  During  high  water  the  river 
flows  beneath  both  spans,  but  at  low  stages  the  stream  flows  beneath 
the  left  span  only.  There  is  a  dam  located  about  2  miles  above  the 
station,  and  a  small  island  above  and  also  one  below.  A  standard  chain 
gage  is  located  in  the  center  of  the  left  span  on  the  downstream  side  of 
the  bridge.  The  length  of  chain  from  the  end  of  the  weight  to  the 
marker  is  34.76  f^et.  Bench  mark  No.  1  is  a  nail  in  a  large  sycamore 
tree,  15  feet  downstream  from  the  left  approach  to  the  bridge.  The 
nail  is  in  the  side  of  the  tree  away  from  the  river  and  about  6  feet 
above  the  ground.  Its  elevation  is  18.80  feet  above  gage  datum. 
Bench  mark  No.  2  is  a  nail  in  a  large  willow  tree  on  the  left  bank  of 
the  river,  about  65  feet  upstream  from  the  bridge.  It  is  in  the  side  of 
the  tree  away  from  the  river  and  about  2J  feet  above  the  ground.  Its 
elevation  is  14.52  feet  above  gage  datum.  The  initial  point  for  sound- 
ings is  the  river  face  of  the  left  abutment  at  the  downstream  side  of 
the  bridge.  The  channel  is  straight  for  several  hundred  feet  above 
and  below  the  station.  Both  banks  are  low  and  liable  to  overflow. 
The  bed  of  the  stream  is  of  gravel.  The  gage  is  read  twice  each  day 
by  Miss  Olivia  Blue. 

The  observations  at  this  station  during  1904  have  been  under  the 
direction  of  N.  C.  Grover,  district  hydrographer. 

DiscJiarge  measuretnenls  of  Potomac  River  {South  Branch)  iiear  Springfieldy  W.  T  «.,  in 

1904^ 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

1 
Duchaiire. 

July  9 

September  9 . . . 
September  29 .. 

Hoyt&Hall 

E.  C.  Murphy 

do 

.    -    -    -    .  vv       ............. 

Feet. 
143 

122 

108 

Sq.  feet. 
312 

211 

65 

Ft.  jicr  sec. 
.79 

.54 

2.05 

FM, 
2.50 

2.00 

1.99 

SaHim-firt 
248 

115 

a  Below  regular  station  by  wading. 
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Mean  daily  gage  height,  in  feet,  of  Potomac  River  {South  Branch)  near  Springfieldy  W.  Fa., 

for  1904. 


Day. 

Jan. 

a2.60 
a2.60 
a2.60 
02.60 
a2.60 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.80 
1.80 
1.80 
1.80 
1.80 

Nov. 

Dec. 

1 

2.80 
2.80 
2.80 
2.70 
2.60 

3.76 
4.60 
4.20 
4.85 
4.10 

3.65 
4.05 
3.95 
3.70 
3.50 

5.40 
4.85 
4.35 
4.15 
3.90 

3.45 
3.50 
3.46 
8.40 
4.35 

2.80 
2.65 
2.60 
2.60 
2.60 

2.40 
2.50 
2.70 
2.80 
2.80 

2.00 
2.00 
2.00 
2.00 
2.00 

1.80 
1.80 
1.80 
1.80 
1.80 

1.80 

2 

1.80 

8 

1.80 

4 

1.90 

6 

1.90 

« 

a2.60 

2.60 

3.65 

3.35 

3.65 

4.30 

2.50 

2.60 

2.00 

1.85 

1.80 

1.90 

7 

a2.60 
«2.60 

3.00 
^6.40 

145 
5.55 

3.20 
3.20 

3.30 
3.50 

3.90 
3.80 

2.50 
2.60 

2.60 
2.55 

2.00 
2.00 

1.85 
1.80 

1.80 
1.80 

1.90 

8 

1.90 

9 

a2.60 

4.85 

5.60 

3.15 

3.40 

8.35 

2.50 

2.60 

2.10 

1.80 

1.80 

1.95 

10 

a2.60 

8.55 

4.60 

3.20 

3.60 

3.10 

2.85 

2.40 

2.15 

1.80 

1.90 

2.00 

11 

a2.60 

3.20 

4.05 

8.30 

3.40 

2.95 

4.60 

2.80 

2.10 

1.80 

1.90 

2.00 

12 

a2.60 

2.70 

8.85 

3.25 

8.25 

3.10 

3.85 

2.25 

2.10 

1.80 

1.90 

2.20 

13 

a2.60 

2.85 

8.65 

3.20 

3.10 

8.10 

3.50 

2.20 

2.10 

1.80 

1.90 

2.20 

14 

a2.60 

2.95 

8.50 

3.20 

3.00 

3.00 

2.95 

2.10 

2.20 

1.80 

1.90 

2.20 

15 

02.60 

a2.60 

a2.60 

2.60 

8.05 
2.95 
2.90 
2.65 

3.85 
3.15 
8.10 
3.10 

3.00 
2.85 
2.80 
3.00 

3.00 
3.00 
3.00 
3.25 

2.70 
2.95 
2.85 
8.10 

2.85 
2.55 
2.45 
2.50 

2.10 
2.10 
2.00 
2.00 

2.15 
2.05 
2.00 
2.00 

1.80 
1.80 
1.80 
1.80 

1.90 
1.90 
1.80 
1.80 

2.20 

16 

2.20 

17 

2.20 

18 

2.20 

19 

2.60 
2.60 
2.60 

2.95 
2.90 
2.95 

3.10 
3.05 
3.05 

3.00 
8.00 
3.00 

8.05 
7.95 
6.30 

3.00 
5.65 
4.70 

2.55 
2.60 
2.70 

2.00 
2.00 
2.00 

2.00 
1.90 
1.90 

1.80 
1.80 
1.90 

1.80 
1.80 
1.80 

a  2. 10 

20 

2.10 

21 

2.10 

22 

2.85 

3.50 

3.40 

2.90 

5.40 

3.95 

2.60 

2.00 

1.90 

1.90 

1.80 

2.10 

23 

9.06 
5.40 

4.60 
4.05 

3.90 
4.55 

2.80 
2.80 

4.80 
4.80 

3.60 
3.45 

2.80 
2.90 

2.00 
2.00 

1.90 
1.90 

1.90 
1.90 

1.80 
1.80 

2.  ]0 

24 

2.10 

25 

4.06 
3.45 
8.00 

C2.90 
2.65 
2.75 

02.90 

3.00 
8.25 
2.95 
2.95 
2.95 

4.45 
4.15 
3.95 
8.80 
3.45 
3.45 
3.35 

2.70 
2.80 
3.a5 
8.60 
8.10 
6.60 

8.95 
3.75 
3.80 
4.20 
3.65 
3.45 
3.45 

3.20 
2.90 
2.75 
2.55 
2.75 
2.90 

2.80 
2.50 
2.70 
2.60 
2.50 
2.40 
2.40 

2.00 
2.00 
2.00 
1.90 
2.10 
2.10 
2.00 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

2.20 

26 

2.25 

27 

2.50 

28 

2.85 

29 

3.50 

30 

3.90 

31 

8.90 

a  Frozen  over. 


b  Ice  going  out. 


e  Slush  ice. 


ANTIETAM  GREEK  NEAR   SHARPSBURG,  MD. 

Antietam  Creek  rises  in  the  western  part  of  Maryland  and  flows  in 
a  southerly  direction,  entering  the  Potomac  10  miles  above  Harpers 
Ferty.  Its  drainage  area  is  mostly  of  a  hilly  character  and  is  largely 
cultivated.  This  station  was  established  June  24, 1897,  by  A.  P.  Davis. 
It  is  located  a  few  hundred  feet  below  the  bridge  on  the  toll  road  from 
Sharpsburg  to  Keedysville,  Md.  There  is  an  old  dam,  not  now  in  use, 
just  below  the  bridge.  The  gage  is  a  vertical  rod  driven  into  the  gravel 
of  the  stream  bed  and  spiked  to  a  tree  on  the  left  bank  near  the  cable. 
The  bench  mark  is  a  copper  bolt  set  in  a  ledge  of  rock  on  the  left  bank, 
at  a  point  about  125  feet  above  the  cable.  Its  elevation  is  16.34  feet 
above  gage  datum.  Discharge  measurements  are  made  from  a  steel- 
wire  cable,  which  is  supported  by  the  forks  of  sycamore  trees  on  each 
bank  and  is  anchored  to  timbers  set  in  the  ground.  A  tagged  wire  is 
suspended  above  the  cable.  The  initial  point  for  soundings  is  a  staple 
in  the  tree  on  the  left  bank.     The  channel  is  straight  for  300  feet  above 
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and  below  the  station.  It  has  a  width  at  ordinary  stages  of  about 
100  feet;  is  shallow  and  unobstructed.  There  iij  a  good  measurable 
velocity  at  all  stages.  The  right  bank  is  low  and  liable  to  overflow: 
the  left  bank  is  high  and  rocky,  and  both  are  fringed  with  trees.  Th€ 
bed  of  the  stream  is  composed  of  gravel,  free  from  vegetation,  and  is 
permanent.  There  is  but  one  channel  at  all  stages.  The  gage  is  read 
once  each  day  by  Charles  E.  Hammond,  the  toll  gatherer. 

The  observations  at  this  station  during  1904  have  been  under  tht* 
direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Antietam  Creek  near  Sharpsbtirg,  M(L,  in  1904- 


Date. 


HydrnjiTapher. 


Width. 


Area  of 
section. 


Julyl Hoyt and  Hall... 

July  11 ,  Hoyt  and  Grover. 


Feet. 
85 

90 


Sq.feet. 
154 

159 


Mean 
velocity. 


Ft.peraec. 
1.03 

.94 


Gage 

height. 

FteL 
1.79 

1.79 


DiachanP^. 

fSeamd-Jiti 

InTl 


Mean  daily  gage 

height, 

in  feetf  of  Antietam  Greek  near 

'  Sharpsfmrg 

,  ifd. 

for  la 

04^ 

1  4> 

Day. 

Jan. 

1.90 
1.90 
1.75 
2.10 
1.90 
1.90 
1.80 
1.80 
1.80 
1.85 
1.85 
1.90 
1.85 
1.85 
1.70 
1.70 
1.70 
1.80 
1.80 

Feb. 

Mar. 

Apr. 

May.. 

Jane. 

July, 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1.60 
1.60 
1.80 
1.65 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
3.00 
1.80 
1.65 
1.55 
1.60 
1.60 
1.60 
1.60 
1.65 
1.60 
1.60 
1.60 
1.85 
1.75 
1.60 
1.60 
1.55 
1.45 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.60 
1.55 
1.50 
1.45 
1.55 
1.45 
1.85 
1.60 
1.55 
1.50 
1.65 
1.65 
1.80 
1.60 
1.50 
1.40 
1.65 
1.60 
1.60 
1.55 
1.50 
1.45 
1.50 
1.55 
1.50 
L60 
1.45 

1.45 
1.45 
L40 
1.55 
1.50 
1.45 

1.50 

2 

1.50       1.4S 

8  

1.45  ;     1-4-. 

4 

1.50 
1.50 

l.tf« 

5 

145 

6    

1    A^           1    M 

7 

1 

1..50       1  M       l-A 

8 

1.45 
1.45 
1.50 
1.50 
1.50 
1.75 
1.60 
l.SO 
1.45 
1.40 
1.50 
1.50 
1.50 
1.65 
1.95 

1  50        1.4^ 

9 

1. 50       1.  U» 

10 

1.50        1.«% 

11 

1.50        l.'vt 

12 

2.20 
2.20 

•    1.50  •     1  « 

13 

i.eo 

1.50 

i.ffi 

r 

1.® 

14 

1.90 

L?a 

15 

1.75 
1.70 
1.70 
1.70 
1.70 
1.60 
1.65 
1.60 
1.70 
1.75 
1.86 
1.70 
1.60 
1.60 
1.86 
1.70 
1.60 

\.a 

16 

1  50        1  •^'^ 

17 

1.50 
1.40 
1.40 

1.% 

18 

1.56 

19 

1  i£ 

20 

1.80 

1.50        l.&o 

21 

1.85 
3.90 

ae.oo 

1.50       1  ^ 

22 

1    .Vk 

l.€& 

23 

1.65       1.55 

1  » 

24 

1.60       1  iw  '     1  fl) 

26 

1.50 

1    fv^ 

l.e& 

26 

1.55  '     1  sa 

ITT" 

27 

1.50 
1.60 

1.45 

1  > 

28 

1    5K          1^1 

29 

1.55        14.^.     ±l7i 

30 

1.45 
1.50  ■ 

1.50 

iOfi 

81 

1.7S 

1 

1 

alee  carried  gage  away;  reestablished  July  12. 
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Hating  table  for  ArUidam  Creek  near  Sliarpthurgj  Md,,  from  January  1  to  December  Sly 

1904. 


Gage 
height. 

1 
DiHcharge.  ' 

Gage 
height. 

Fret. 

Discharge. 

Gage 
hei^t. 

Discharge. 

1 

Gage 
hei^t. 

F^el. 

Dlflchaige. 

1      f\cet. 

Srcnnd-feei. 

Second-feet. 

,      FM. 

Secondrfeet. 

Second-feet. 

1.36 

90 

2.30 

298 

3.30 

720 

4.30 

1,270 

1.40 

95 

2.40 

332 

3.40 

775 

4.40 

1,325 

1.50 

108 

2.50 

367 

3.50 

830 

4.50 

1,380 

1.60 

121 

2.60 

402 

3.60 

885 

4.60 

1,435 

1.70 

137 

2.70 

440 

3.70 

940 

4.70 

1,490 

1.80 

155 

2.80 

482 

3.80 

995 

4.80 

1,545 

1.90 

179 

2.90 

525 

3.90 

1 

1,050 

5.00 

* 

1,655 

2.00 

206 

3.00 

570 

4.00 

1,105 

6.00 

2,205 

2.10 

234  1 

3.10 

615 

4.10 

1,160 

7.00 

2,755 

2.20 

265 

3.20 

665 

4.20 

1 

1,215 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  12 
discharge  measurements  made  during  1898  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  1.60  feet  and  3.50  feet.  The  table  has  been  extended  beyond 
these  limits.  Above  gage  height  3.20  feet  the  rating  curve  is  a  tangent,  the  differ- 
ence being  55  per  tenth. 


EstimcUed  monthly  ducharge  of  Antietam  Creek  near  Sharpsburg,  3/d.,  for  1904, 

[Drainage  area,  298  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


January  1-23 
July  12-n31 . . . 

August 

September... 

October 

November , . . 
December  ... 


2,205 
265 
570 
167 
193 
129 
250 


Minimum. 


137 
121 
102 
95 
95 
90 
95 


Mean. 


292 
151 
137 
116 
113 
107 
123 


Run-oiT. 


Second-feet 

per  square 

mile. 


0.997 
.515 
.468 
.396 
.386 
.365 
.420 


Depth  in 
inches. 


0.853 
.383 
.540 
.442 
.445 
.407 
.484 


SHENANDOAH   RIVER  AT   MILLVILLE,  W.  VA. 

This  station  was  established  April  16,  1895,  by  C.  C.  Babb.  It  is 
located  about  one-fourth  mile  above  the  Baltimore  and  Ohio  Railroad 
station  at  Millville,  W.  Va.  It  is  best  reached  by  driving  from  Har- 
pers Ferry,  W.  Va.  The  vertical  gage  is  spiked  to  a  large  sycamore 
tree  on  the  left  bank  a  few  hundred  foot  downstroiim  from  the  cable. 
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Bench  mark  No.  1  is  a  copper  plug  in  the  upstream  side  of  the  base  d 
the  second  tree  downstream  from  the  gage.  Its  elevation  is  6.68  fee: 
above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  upper  sur&ee 
of  the  head  of  a  wire  nail  driven  horizontally  in  a  blaze  on  the  ba^  of 
the  first  tree  upstream  from  the  gage.  Its  elevation  is  7.42  feet  above 
the  zero  of  the  gage.  Bench  mark  No.  3  is  the  upper  surface  of  the 
head  of  a  wire  spike  driven  in  a  blaze  on  the  tree  to  which  the  gage  l- 
fastened  on  the  side  away  from  the  river;  elevation  9.43  feet.  Dt^ 
charge  measurements  are  made  from  a  three-fourths  inch  cable  froni 
which  is  suspended  a  car.  The  cable,  which  is  suspended  over  the 
branches  of  two  large  sycamore  trees  and  is  securely  anchored  to  tk 
bank  at  both  ends,  has  a  total  span  of  600  feet.  The  initial  point  for 
soundings  is  the  side  of  a  tree  nearest  the  river  at  the  cahle  on  the  left 
bank.  The  channel  is  straight  for  several  hundred  feet  above  a»d 
below  the  station,  and  the  current  is  swift  and  unobstructed.  Both 
banks  are  low,  liable  to  overflow,  and  ai-e  without  trees.  There  i^  but 
one  channel  at  all  stages.  The  bed  of  the  stream  is  comp>osed  of  mud 
and  rocks.  The  gage  is  read  once  each  day  by  W.  R.  Nicewamer,  the 
railroad  station  agent. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurementa  of  Shenandoah  River  at  MiUviUe^  W.  Va.,  in  J904- 


Date. 


June  13 

July  4....:.. 

July  10 

September  28 
October  20... 


Hydrographer. 


F.  H.  Brundage.. 
Hoyt  and  Hall . . 
Hoyt  and  Grover 
E.  C.  Murphy... 
do 


width. 


500 
505 
499 
490 
485 


Area  of 
section. 


I 


Sq./eet. 
1,771 
1,578 
1,561 
1,147 
1,126 


Mean 
velocity. 


FLperaec. 
1.06 
.72 
.88 
.49 
.44 


hS^u      »^^ 


fbet     I  Satmd-J^t 
1.70!        1,5>S3 


1.20 

1.34 

.50 

.41 


1,137 
1,371 

494 


Mean  daily  gage  lieight^  in  feet,  of  SJienandoah  Rit^er  at  MiUiUle,  W.  Va,yfor  1904- 


Day. 


1 
2 
8 
4 

5 
6 
7 
8 
9 
10 
11 


Jan. 

Feb. 

0.80 

(«) 

.86 

(«) 

1.20 

(") 

1.20 

(«) 

1.00 

('«) 

1.00 

(") 

1.10 

(«) 

1.10 

(«) 

1.80 

(") 

1.20 

(«) 

1.20 

(«) 

Mar. 

Apr. 

May. 

June. 

(°) 

1.80 

3.80 

4.00 

(«) 

1.80 

8.30 

2.60 

(«) 

1.75 

2.70 

2.33 

(«) 

1.70 

2.40 

2.10 

(«) 

1.60 

2.15 

2.60 

(«) 

1.60 

2.10 

2.85 

(«) 

1.50 

1.96 

4.00 

2.30 

1.50 

2.00 

2.90 

4.90 

1.60 

2.00 

2.40 

3.60 

1.70 

2.30 

2.15 

3.00 

2.45 

2.50 

2.00 

1.60 
1.40 
1.30 
1.20 
1.10 
1.20 
1.16 
1.80 
1.25 
1.35 
5.60 


Aug. 

1,15 
l.a5 
1.10 
1.25 
1.40 
1.40 
1.70 
1.80 
1.46 
1.40 
1.85 


Sept.  I  Oct,     Nov.    D** 


0.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.55 
.55 
.50 


0.45 
.40 
.40 
.40 
.40 
.40 
.45 
.45 
.40 
.40 
.40 


0.45 
.45 
.10 
.60 
.45 
.45 
.45 
.45 
.40 
.40 
.fiO 


Q.6 

.50 

.50 


a  No  observation,  gage  broken  down  by  ice. 
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^£ean  daily  gage  height^  infteij  of  Shenandoah  River  at  MilltilUf  W.  TTi.,  for  1904 — Con. 


Day. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.10 

(») 

2.60 

2.40 

2.45 

1.85 

3.70 

1.40 

0.50 

0.50 

0.45 

0.50 

1.10 

(«) 

2.80 

2.20 

2.80 

1.75 

2.80 

1.85 

.60 

.50 

.50 

.65 

1.00 

(«) 

2.00 

2.00 

2.05 

1.60 

2.10 

1.80 

.60 

.56 

.60 

.65 

1.00 

(«) 

1.90 

1.75 

1.90 

1.40 

1.75 

1.10 

.90 

.50 

.60 

.75 

1.00 

(«) 

1.80 

1.65 

i.a5 

1.35 

1.50 

1.05 

.90 

.60 

.50 

.60 

1.00 

(«) 

1.75 

1.60 

1.80 

1.40 

1.40 

1.00 

.80 

.50 

.50 

1.65 

1.00 

(«) 

1.70 

1.56 

1.80 

1.65 

1.30 

1.00 

.75 

.60 

.50 

1.80 

1.00 

(«) 

1.60 

1.45 

1.90 

1.40 

1.30 

.95 

.70 

.50 

.55 

1.55 

1,10 

(«) 

1.50 

1.45 

2.30 

l.BSy 

1.20 

.90 

.65 

.45 

.60 

.80 

1.80 

(«) 

1.45 

1.80 

3.50 

1.60 

1.20 

.90 

.60 

.60 

.60 

.70 

1.60 

(«) 

1.50 

1.25 

2.95 

1.70 

1.20 

.85 

.66 

.60 

.60 

.70 

2.30 

(«) 

1.60 

1.20 

2.45 

1.90 

1.15 

.90 

.60 

.60 

.60 

.70 

2.60 

(") 

1.60 

1.15 

2.16 

1.60 

1.10 

.80 

.55 

.55 

.60 

.70 

(«) 

(«) 

1.65 

1.10 

2.00 

1.45 

1.20 

.90 

.50 

.50 

.50 

.80 

(°) 

(«) 

1.80 

1.10 

1.95 

1.30 

1.30 

.80 

.60 

.60 

.45 

1.15 

(") 

(«) 

1.85 

1.80 

2.80 

1.20 

1.20 

.75 

.50 

.45 

.45 

1.10 

C) 

(«) 

1.80 

2.50 

1.95 

1.15 

1.10 

.70 

.50 

.40 

.45 

1.80 

(") 

(«) 

1.75 

4.80 

1.70 

1.10 

1.10 

.60 

.50 

.40 

.45 

2.25 

(») 

1.70 

S.*! 

1.70 

1.60 

1.26 

.55 

.45 

.40 

.46 

1.20 

(«) 

1.70 

1.55 

1.10 

.60 

.40 

1.10 

13. 

1-4. 

XSy. 

1G. 

17. 

1». 

1». 

20. 

til. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


a  No  obflervation,  gage  broken  down  by  ice. 
The  gage  heights  were  affected  by  ice  conditions  during  latter  half  of  December. 

Rating  Utile  for  Shenandoah  River  at  ^^dlvU^e^  W.  Va,,  from  January  1  to  December  SI, 

1904. 


Gage 
height. 

Feet. 

Diw^harge. 
Secondrfeet. 

• 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
,   height. 

1 

Discharge. 
Second-feet. 

1 

Gage 
height. 

Discharge. 

,      FeH. 

Feet. 

Feet. 

Second-feet. 

0.40 

475 

1.70 

1,865 

3.00 

4,560 

4.30 

8,105 

.50 

540 

1.80 

2,025 

3.10 

4,805 

4.40 

8,415 

.60 

610 

,     1.90 

2,200 

3.20 

5,055 

4.50 

8,730 

.70 

685 

2.00 

2,395 

3.30 

5,305 

4.60 

9,045 

.80 

765 

2.10 

2,590 

'     3.40 

5,560 

4.70 

9,360 

.90 

850 

2.20 

2,790 

'    3.50 

5,820 

4.80 

9,680 

1.00 

945 

2.30 

2,990 

3.60 

6,085 

4.90 

10,000 

1.10 

1,055 

2.40 

3,200 

3.70 

6,355 

5.00 

10, 320 

1.20 

1,170 

2.50 

3, 410 

3.80 

6,630 

6.00 

13,520 

1.30 

1,295 

2.60 

3,630 

!    3.90 

6,910 

7.00 

16,720 

1.40 

1,430 

2.70 

3,860 

4.00 

7, 195 

8.00 

19,920 

1.50 

1,570 

2.80 

4,090 

4.10 

7,490 

9.00 

23, 120 

1.60 

1,715 

2.90 

4,320 

4.20 

7,795    ' 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  baaed  upon 
discharge  measurements  made  during  1895  to  1904,  inclusive,  sf^ecial  weight  l)eing 
given  to  1904  measurements.  It  is  fairly  well  defined  between  gage  heights  0.40  feet 
and  7  feet.  The  table  has  heen  extended  beyond  these  limits.  Al)ove  gage  height 
4.70  feet  the  rating  curve  is  a  tangent,  the  difference  Ijeing  320  {yer  tenth. 
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Estimated  montMy  discharge  of  Shenandoah  River  at  MUlmUef  W.  TTz.,  far  19G4- 

[Drainage  area,  2,995  square  miles.] 


Month. 


Discharge  in  second-feet. 


Kun-off. 


Maximum. 


January  1-24 3,630 

March  8-31 i  10,000 

April I  8,105 

May I  5,820 

June '  7, 195 

July I  12,240 


August 

September 
October  .. 
November 
December  . 


2,025 
850 
610 
610 

2,890 


Minimum. 


mile. 


0.418 
.885 
.736 
.974 
.822 
.638 
.359 
.206 
.173 
.176 
.298 


0.37o 

.79iJ 
.821 
1.12 
.^17 
.7« 
.414 
.230 

.m 

.116 
.344 


SHENANDOAH  RIVER   (sOUTH   BRANCH)   NEAR  FRONT  ROYAL,    VA. 

This  station  was  established  June  26,  1899,  by  A.  P.  Davis.  It  is 
located  about  1  mile  above  the  ford,  which  is  near  the  Norfolk  and 
Western  Railroad  station.  This  railroad  follows  the  right  bank  of  the 
stream.  The  gage  is  a  vertical  timber  spiked  to  a  large  sycamore  tree 
on  the  left  bank  about  800  feet  upstream  from  the  cable.  Bench  mark 
No.  1  is  a  headless  spike  on  the  river  side  of  an  elm  tree  on  the  left 
bank,  8  feet  downstream  from  the  gage.  It  is  li  feet  above  ground 
and  has  an  elevation  of  10.49  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  2  is  nail  driven  horizontally  into  the  downstream  side  of  the 
stump  of  a  large  sycamore  tree  270  feet  downstream  from  the  gage. 
It  is  0.5  foot  above  the  ground  and  is  immediately  below  a  blaze.  Its 
elevation  is  14.55  feet  above  the  zero  of  the  gage.  Discharge  meas- 
urements are  made  from  a  cable,  which  has  a  span  of  300  feet  and  is 
suspended  over  the  branches  of  two  large  sycamore  trees,  with  its 
right  end  fastened  to  the  tree  and  its  left  end  anchored  in  the  ground. 
The  initial  point  for  soundings  is  on  the  main  cable  0.5  foot  from  the 
tree  on  the  left  bank.  The  channel  is  straight  for  600  feet  above  and 
below  the  station  and  the  current  is  sluggish.  The  river  may  over- 
flow the  right  bank,  but  will  not  ovei'flow  the  railroad  embankment  a 
few  feet  back  from  the  river,  except  at  extreme  flood  stages.  The 
left  bank  is  low,  liable  to  overflow,  and  is  fringed  with  trees.  The 
bed  of  the  stream  is  composed  partly  of  rock  and  partly  of  sand,  and 
is  liable  to  shift  in  places.  The  gage  is  read  twice  each  day  by  Miss 
Brentie  Johnson. 
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Between  January  25  and  June  30,  1904,  the  stage  of  river  was 
observed  by  means  of  temporary  gages  set  by  the  observer,  and  con- 
sequently the  record  between  those  dates  is  approximate. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  mecuurements  of  Shenandoah  River  (South  Branch)  near  Front  Royal^  Va.^ 

in  1904. 


Date. 


Hydrograplier. 


June  11 

June  30 

September  27 . 
October  19 


F.  H.  Brundage. 
Hoyt  and  Hall. 
E.  C.  Murphy  . . 
do 


width. 

Area  of 
section. 

Mean 
velocity. 

Oage 
hei^t. 

JFM. 

Sq./eet. 

Ft.peraec. 

Feet, 

310 

846 

1.35 

4.79 

310 

936 

.97 

4.55 

274 

609 

.77 

3.50 

275 

516 

.64 

3.42 

Discharge. 

Second-feet. 

1,140 

906 

390 

331 


Mean  daily  gage,  in  feet,  of  Shenandoah  River  (South  Branch)  near  Front  Royal,  Va.yfdT 

1904. 


Day.       , 

Jan/ 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

3.60 
3.60 
3.60 
3.60 
3.60 
3.65 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.65 
4.20 
3.95 
3.70 
3.60 
3.60 
3.60 
3.50 
8.60 
8.50 
3.50 
3.50 
3.50 
3.40 
8.40 
3.40 
3.40 

Oct. 

Nov. 

Dec. 

1 

6.44 
6.24 
6.24 
6.54 
6.54 
6.29 
6.19 
6.09 
6.04 
5.94 
5.89 
5.99 
5.99 
6.01 
5.89 
5.74 
6.74 
6.79 
5.89 
5.84 
5.84 
6.39 
8.24 
9.64 
7.24 
6.54 
6.29 
6.14 
5.94 
5.84 
5.74 

5.69 
5.59 
5.79 
6.74 
5.74 
5.49 
6.54 
6.34 
6.14 
6.34 
6.34 
6.19 
6.09 
5.99 
5.89 
5.89 
6.84 
6.89 
5.09 
6.24 
6.34 
6.89 
8.39 
8.64 
7.69 
6.14 
6.84 
6.74 
5.19 

4.84 
4.84 
5.04 
4.94 
5.04 
4.99 
5.04 
6.29 
6.39 
6.69 
6.99 
5.74 
5.64 
6.19 
6.09 
L99 
4.89 
4.89 
4.89 
4.69 
4.69 
4.69 
4.94 
4.94 
4.94 
5.01 
5.09 
6.09 
4.99 
6.24 
6.29 

6.19 
6.04 
4.84 
4.69 
4.61 
4.69 
4.69 
4.69 
4.09 
6.24 
6.74 
5.69 
5.34 
5.14 
4.91 
4.84 
4.79 
4.64 
8.64 
4.49 
4.49 
4.89 
4.39 
4.29 
4.39 
4.44 
5.49 
6.24 
6.79 
6.64 

6.39 
5.84 
6.44 
6.14 
6.09 
4.99 
4.99 
4.99 
6.14 
6.69 
5.84 
6.64 
5.34 
6.24 
4.89 
4.89 
4.89 
6.29 
6.69 
7.59 
6.74 
6.89 
6.44 
6.24 
6.09 
4.99 
4.94 
4.89 
4.89 
4.79 
4.79 

4.94 
5.04 
5.29 
6.19 
6.44 
6.49 
5.99 
6.39 
5.04 
4.94 
4.74 
4.69 
4.61 
4.54 
4.49 
4.39 
4.69 
4.64 
4.39 
4.M 
4.99 
5.14 
5.04 
4.74 
4.39 
4.29 

4.ai 

4.39 
4.69 
4.52 

4.60 
4.40 
4.30 
4.20 
4.10 
4.10 
4.05 
4.00 
4.20 
5.60 
7.90 
7.40 
6.40 
4.75 
4.66 
4.40 
4.35 
4.30 
4.36 
4.26 
4.10 
4.10 
4.00 
4.30 
4.40 
4.30 
4.20 
4.35 
4.15 
4.20 
4.20 

4.10 
4.06 
4.10 
4.30 
4.40 
4.50 
4.70 
4.45 
4.40 
4.75 
4.60 
4.50 
4.40 
4.20 
4.15 
4.10 
4.00 
4.00 
3.90 
3.80 
3.80 
3. 75 
3.65 
3.60 
3.60 
3.55 
3.50 
3.50 
3.50 
3.55 
3.60 

3.40 
3.40 
8.40 
3.40 
8.40 
3.40 
3.40 
3.40 
8.40 
3.40 
3.40 
3.45 
3.65 
3.46 
3.40 
3.40 
3.40 
3.40 
8.40 
3.45 
3.66 
3.60 
3.45 
3.40 
3.40 
3.40 
3.42 
1    3.40 
3.40 
3.40 
8.40 

8.42 
8.40 
3.40 
8.40 
3.42 
3.40 
3.43 
3.45 
3.60 
8.42 
3.40 
3.40 
8.40 
3.66 
3.50 
8.62 
8.60 
3.45 
3.46 
8.40 
8.42 
8.40 
8.43 
3.43 
3.42 
3.40 
3.40 
8.40 
8.40 
3.40 

8.45 

2 

8.89 

3 

3.60 

4 

as.  60 

5 

3.50 

6 

8.45 

7 

8.41 

8 

8.45 

9 

3.45 

10 

8.51 

11 

4.15 

12 

M.40 

18 

4.60 

14 

4.80 

15 

3.96 

16 

4.10 

17 

4.10 

18 

4.20 

19 

3.90 

20 

8.90 

21 

8.70 

22 

3.70 

23 t.... 

24 

3.87 
3.96 

2.5 

3.90 

26 

8.80 

27 

8.96 

28 

8.90 

29 

4.50 

30 

4.20 

31 

4.00 

a  Ice  running  in  river. 

Gage  heights  are  approximate  from 


ft  River  frozen  entirely  across. 
January  25  to  March  1. 
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Rating  table  for  Shenandoah  River  (South  Branch)  near  Front  RoyaJ.,  Va,,frofm  JoM&r^ 

1  to  December  31,  1904^ 


(}agc 
height. 

Discharge. 
Srcmul-feet. 

Gage 
height. 

Di>ichaige. 

Gage     , 
height. 

1 

Discharge. 
Second-feet. 

Gage 
hei^t. 

IHm:b»ig>e. 

Ftfi. 

Feet. 

^  Serond-feet. 

J*<<. 

Stromd/ett 

3.30 

3a5 

4.70 

1,045 

6.10  ' 

2,665 

7.50 

1 

5,080 

3.40 

330 

4.80 

1, 130 

6.20  , 

2,815 

7.60  -* 

5,260 

3.50 

359 

4.90 

1,220 

6.30 

2,970 

7.70 

6,440 

3.60 

392 

5.00 

1,315 

'  6.40 : 

3, 130 

7.80 

1 1 

5,620 

3.70 

429 

5.10 

1,420 

6.50 

3,295 

7.90 

5,800 

3.80 

470 

5.20 

1,530 

6.60 

3, 46r. 

8.00 

5,980 

3.90 

515 

5.30 

1,640 

6.70 

3,640 

8.20 

6,340 

4.00 

565 

1      5. 40 

1,755 

6.80 

3,820 

8.40  1 

6,700 

4.10 

615 

'      5.50 

1,870 

6.90  , 

4,000 

8.60  1 

1 

7,060 

4.20 

670 

5.60 

1,990 

7.00 

4,180 

8.80 

7,420 

4.30 

735 

1      5.70 

1        2,115 

7.10 

4,360 

9.00    :, 

7,780 

4.40 

805 

5.80 

2,245 

7.20  1 

4,540 

9.50  , 

8,680 

4.50 

880 

5.90 

2,380 

7.30 

4,720 

10.00   , 

9,580 

4.60 

960 

6.00 

'        2,520 

7.40  ' 

4,900 

The  above  table  ig  applicable  only  for  open-channel  conditions.  It  is  based  u|v»n 
seven  discharge  measurements  made  during  1900  to  1904,  inclusive.  It  is  well  defino^l 
between  gage  heights  3.40  feet  and  8  feet.  The  table  has  l)een  extended  bevouil 
thene  limits.  Above  gage  height  7  feet  the  rating  curve  is  a  tangent,  the  (Ufferentv 
being  180  per  tenth. 

Estimated  monthly  discharge  of  Shenandodli  River  {South  Branch)  near  Front  Roynl,  V*k^ 

for  1904. 
[Drainage  area,  1,569  square  mlleful 


Discharge  in  second-feet. 


Run-olT. 


Month. 


January  

February 

March 

April 

May 

June 

Julv 

August 

September 

October 

November 

December 

The  year 


Maximum. 

Minimum. 

Mean. 

Seoond-feet 

pcrsquATc 

mile. 

1 

Depth  in 
inches. 

8,932 

2,167 

3, 031 

i.as 

2.2:^ 

7,132 

1,410 

2,840 

1.81 

1.95 

3,623 

1,037 

1,571 

1.00 

1.15 

3,802 

728 

1,403 

.894 

.997 

5,242 

1,122 

1,802 

1.15^   , 

1.33 

3, 279 

728 

1,332 

.849 

.sm: 

5,800 

565 

1,089 

.694 

.8tV 

1,088 

359 

614 

.391 

.451 

670 

330 

402 

.256 

.2S6 

376 

330 

336 

.214 

.247 

376 

330 

339 

.216  ' 

.241 

1,130 

328 

534 

.340 

1 

.812  ' 

.  \^2 

8, 932 

328 

1,274 

11.02 

OaOVXB  AKD'l 
HOYT.       J 
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SHENANDOAH  RIVER  (NORTH   BRANCH)   NEAR  RIVERTON,  VA. 

This  station  waa  established  June  26,  1899,  by  A.  P.  Davis.  It  is 
located  about  2  miles  above  Riverton,  Va.,  a  shoi*t  distance  from  the 
Southern  Railway  station.  It  is  most  easily  reached  by  driving  from 
Front  Royal,  Va.  The  vertical  gage  rod  is  spiked  to  timber  and  to  a 
sycamore  tree  on  the  left  bank  about  100  feet  above  the  cable  station. 
Ifench  mark  No.  1  is  a  wire  nail  driven  into  a  pear  tree  and  is  located 
near  the  fence  and  150  feet  from  the  left  bank  of  the  river.  Its  eleva- 
tion al)ove  the  zero  of  the  gage  is  26.75  feet.  Bench  mark  No.  2  is 
formed  by  three  wire  nails  driven  flush  in  the  surface  of  a  stump  50 
feet  downstream  from  the  fence  line  of  the  road,  at  the  edge  of  the 
field,  on  the  side  toward  the  river.  Its  elevation  is  20.44  feet  above 
the  zero  of  the  gage.  The  original  gage  was  a  vertical  timber  bolted 
to  a  large  sycamore  tree  on  the  right  bank.  On  September  10,  1900, 
the  gage  was  moved  to  the  left  bank  and  its  datum  was  lowered  1  foot, 
causing  all  readings  to  be  increased  by  1  foot.  The  gage  at  this  sta- 
tion washed  out  in  the  flood  of  February  22,  1902,  and  the  station  was 
temporarily  abandoned  until  August  17, 1902,  when  it  was  reestablished 
b}'  E.  G.  Paul,  the  zero  of  the  new  gage  being  at  the  same  elevation 
as  the  zero  of  the  former  gage.  Discharge  measurements  are  made 
by  means  of  a  cable,  car,  and  tagged  wire  just  above  the  ford.  The 
cable  has  a  span  of  260  feet,  is  supported  by  timbers,  and  anchored  in 
the  ground  at  each  end.  The  initial  point  for  soundings  is  0.5  foot 
from  the  timber  which  supports  the  tag  wire  on  the  left  bank.  The 
channel  is  straight  for  600  feet  above  and  below  the  station.  The 
current  has  a  moderate  velocity.  Both  banks  are  low  and  liable  to 
overflow,  with  a  fringe  of  trees  along  each  bank.  The  bed  of  the 
stream  is  rocky,  permanent,  and  free  from  vegetation.  There  is  but 
one  channel  at  all  stages.  The  gage  is  read  twice  each  day  by  L.  W. 
Burke. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Shenandoah  River  (North  Branch)  near  Riverton,  Va.,  in  1904^ 


Date. 


Hydrographer.  \  Width.  I  j^^^^l     ^.^,^^^.^     j^^^^   |  DLscharge 


Feet. 


June  10 F.  H.  Bnindage 232 

Julyl HoytandHall 236 

September  27  . .    E.  C.  Murphy 234 

October  19 do 235 


Sq./f'ct. 

Ft.  per  tec. 

Feet. 

Second-feet. 

417 

1.39 

4.81 

678 

425 

1.13 

4.71 

a  480 

240 

.39 

3.95 

93 

292 

.45 

4.11 

130 

a  Average  of  two  measurementD. 
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fso.  ua 


Mean  ^ily  gage  height,  in  feet,  of  Shenandoah  River  {North  Branch)  near  Ritserton, 

Va.,  for  1904. 


a  Frozen  up. 

(>The  gage  was  put  back  March  5,  just  as  it  was  before,  and  read  from  that  date. 

e  Ice  breaking  up. 

d  River  frozen  Dec.  12  to  25. 


Day. 

Jan. 

a4.20 
a4.20 
"4.20 
a4.20 
0  4.20 
a  4. 20 

Feb.     Mar. 

Apr. 

4.88 
5.00 
4.98 
4.88 
4.80 
4.72 
4.72 
4.70 
4.75 
5.10 
5.88 
5.15 
5.00 
4.90 
4.80 
4.72 
4.65 
4.55 
4.58 
4.50 
4.45 
4.48 
4.40 
4.40 
4.38 
4.50 
4.60 
6.00 
7.06 
6.40 

May. 

June. 

5.65 
5.05 
4.85 
4.80 
4.85 
6.06 
6.70 
6.30 
4.95 
4.80 
4.72 
4.60 
4.50 
4.50 
4.40 
4.45 
4.45 
4.42 
4.50 
4.75 
5.25 
5.30 
4.85 
4.62 
4.45 
4.40 
4.35 
4.40 
4.88 
4.75 

July. 

4.72 
4.50 
4.38 
4.30 
4.35 
4.35 
4.S2 
4.35 
4.40 
6.15 
6.82 
6.00 
5.75 
5.10 
4.85 
4.70 
4.60 
4.55 
4.50 
4.70 
4.55 
4.40 
4.38 
4.35 
4.50 
4.50 
4.40 
4.40 
4.65 
4.55 
4.45 

Aug. 

Sept 

Oct. 

Nov. 

1 

D». 

1 

1 

5.85 
5.70 
5.40 
5.10 
5.05 
5.00 
4.90 
4.90 
4.90 
5.00 
4.96 
1.90 
4.80 
4.80 
4.76 
4.80 
4.70 
4.70 
4.78 
6.45 
5.70 
5.35 
5.16 
4.95 
4.78 
5.15 
4.95 
4.80 
4.70 
4.60 
4.80 

4.30 
4.45 
4.40 
4.50 
4.50 
4.80 
4.50 
4.50 
4.45 
4.38 
4.40 
4.35 
4.35 
4.30 
4.20 
4.80 
4.20 
4.22 
4.20 
4.22 
4.20 
4.20 
4.30 
4.35 
4.20 
4.25 
4.20 
4.20 
4.10 
4.10 
4.15 

4.10 
4.05 
4.15 
4.15 
4.10 
4.05 
4.05 
4.10 
4.06 
4.10 
4.10 
4.10 
4.05 
4.20 
4.20 
4.16 
'4.15 
4.10 
4.10 
4.05 
4.25 
4.10 
4.06 
4.10 
4.00 
4.00 
3.96 
4.05 
4.05 
4.10 

4.05 

4.00 

3.%» 

4.00 

4.10 

4.10 

4.00 

4.05 

4.00 

4.00 

4.00 

4.10 

4.00 

4.05 

4.00 

4.05 

4.05 

4.05 

4.00  ' 

4.05 

4.05 

4.00  1 

4.10  ' 

4.10  1 

4.00 

4.10 

4.05 

4.06  1 

4.10 

4.02  ' 

4.05  1 

4.00 

4.00 

4.05 

4.05 

4.00 

4.05 

4.05 

4.00 

4.00 

4.10 

4.10 

4.05 

4.10 

4.10 

4.05 

4.10 

4.10 

a.98  , 

4.00 
4.00  , 
4.00 
4.10 
4.10  1 
4.10  ' 
4.  OS 
4.00  i 
4.05 
4.00 
4.06 
4.10  J 

•  •  M  »  M  «  • 

4.1*. 

2 

4..i» 

3 

1.M 

4 

4.1fi 

6 

6 

V. ............. 

'&4.70 

4. 65 

4  !« 

4.JI 

7 

a4.20    '    4.70 

a4.20  ' 6.20 

"4.20    6.20 

«4.20  ' 5.60 

a4.20    1    5.16 

a4.20  ' 5-flO 

4.S 

8 

4.:d 

9 

4.  IS 

10 

Ll*> 

11 

12 

d4  y^j 

13 

a4.20 
a  4. 20 
a4.20 
a4.20 
a4.20 
a4.20 
a4.20 
a4.20 
a4.20 
a4.20 
C4.20 



....... 

4,90 
4.80 
4.78 
4.70 
4.70 
4.68 
4.60 
4.52 
4.55 
4.52 
4.65 
4.75 
4.80 
4.80 
4.80 
4.78 
4.70 
4.70 
4.78 

4.56 

14 

4.50 

15 

4.S0 

16 

4.50 

17 

4..TU 

18 

4  -v 

19 

4  •% 

20 

4  s6 

21 

4  50 

22 

4  ^ 

23 

4-.%» 

24 

4.51} 

25 

Lbs 

26 

■     1 

A.S^ 

27 

i 

4.G0 

28 

4.C6 

29 

4.46 

30 

4.4a 

31 

1 

4.S5 

MONOCACY   RIVER   NEAR   FREDERICK,  MD. 

This  station  was  established  August  4,  1896,  by  E.  G.  Paul,  and  is 
located  at  the  county  bridge  on  the  toll  road  leading  from  Frederick 
to  Mount  Pleasant,  Md.  It  is  4  miles  northeast  of  Frederick,  about 
2,000  feet  above  the  mouth  of  Israel  Creek,  and  3,000  feet  below  the 
mouth  of  Tuscarora  Creek.  The  original  wire  gage  has  been  replaced 
by  a  standard  chain  gage,  which  is  located  in  the  middle  of  the  first 
span  from  the  right  bank  and  is  attached  to  the  bridge  floor  on  the 
lower  side  of  the  bridge.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker  is  35.20  feet.  The  bench  mark  is  a  hole  drilled 
in  the  top  of  a  coping  stone  on  the  lower  wing  of  the  right  abutment, 
about  100  feet  back  from  the  initial  point  for  soundings.  Its  elevation 
is  29.17  feet  above  gage  datum.     Discharge  measurements  are  made 
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from  the  two-span  iron  highway  bridge.  The  initial  point  for  sound- 
ings is  a  cross  cut  in  the  face  of  the  parapet  wall  on  the  lower  wing  of 
the  right  abutment.  The  channel  is  straight  for  300  feet  above  and 
100  feet  below  the  bridge.  The  bridge  has  a  total  span  of  310  feet. 
The  channel  at  this  point  is  divided  by  a  small,  low  island,  which  serves 
as  a  foundation  for  the  middle  pier  of  the  bridge.  The  right  channel 
18  measured  from  the  lower  and  the  left  from  the  upper  side  of  the 
bridge,  as  these  are  better  than  a  continuous  section  on  either  side  of 
the  bridge.  The  pier  and  island  obstruct  the  flow  to  some  extent, 
causing  dead  water  for  20  feet  to  the  right  of  the  pier  at  low  water 
and  eddies  at  high  water.  Both  banks  are  low,  liable  to  overflow,  and 
covered  with  a  fringe  of  trees,  but  all  water  passes  beneath  the  bridge. 
The  bed  is  composed  of  gravel  and  cobblestones,  except  near  the 
banks,  where  it  is  composed  of  silt  and  is  subject  to  change.  The  gage 
is  read  twice  each  day  by  E.  L.  Derr. 

The  observations  of  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  mecufurementx  of  Monocacy  River  near  Frederick^  Md. ,  in  1904- 


Date. 


Hydrographer. 


July  12 

September  26 


October 20 «  ...    E.  C.  Murphy 


Hoyt  and  Grover 
N.  C.  Grover 


Feet. 

172 

195 

56 


Area  of      Mean 
flection. I  velocity 


Dis- 
charge. 


iiq.feet. 
384 
184 
55 


Ft.per  BK. 


a  Made  above  bridge  by  wading. 
Mean  daily  gage  heighty-  infeet,  of  Monocacij  River  near  Frederick ^  Md.f  for  1904- 


Day. 

Jan. 

Feb. 

4.9 
4.9 
6.4 
4.9 

.e 

4.6 

8.2 

bU.2 

6.4 

6.1 

6.9 

5.4 

5.1 

a4.9 

a4.9 

a4.9 

a4-.9 

Mar. 

8.1 
7.5 
6.1 
6.2 
5.9 
«.9 
17.0 
C17.2 
8.1 
6.5 
6.6 
6.9 
6.2 
5.9 
5.7 
6.6 
6.6 

Apr. 

1 

4.6 
4.9 
4.8 
06.6 
aS.l 
a4.9 
a4.7 
(14.6 
a4.6 
a4.6 
a4.6 
04.6 
a4.6 
a4.6 
a4.6 
a4.6 
a4.5 

6.8 

2 

7.2 

s 

6.4 

4 

6.4 

6 

6 

5.4 
5.4 

7 

5.4 

8 

6.6 

9 

7.7 

10 

7.2 

11 

6.8 

12 

13 

5.9 
5.6 

14 

6.3 

15 

16 

5.1 
6.1 

17 

6.0 

May.    June.    July. 


4.9 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.9 
4.9 


7.4 
6.4 
6.9 
6.3 
7.3 
6.9 
6.8 
5.6 
5.4 


6.7 

6.1 

5.4 

5.3 

4.7 

6.1 

4.7 

4.9 

4.7 

4.7 

5.0 

4.5 

4.9 

4.6 

4.8 

4.6 

4.4 
4.3 
4.2 
4.2 
4.1 
4.1 
1.4 
6.1 
7.1 
8.1 
7.2 
6.1 
7.4 
6.4 
5.2 
4.2 
4.1 


Aug.     Sept. 


4.2 
4.9 
4.7 
4.6 
4.3 
4.0 
4.0 
4.2 
4.5 
4.5 
rfl2.6 
6.6 
4.6 
4.2 
4.2 
4.1 
4.1 


a  Frozen  at  gaf  e. 
frDueto  thawmg. 


cThaw. 
dRain. 


Maximum  gage 


3.8 
3.8 
3.8 
3.8 
3.8 
8.9 
3.9 
3.9 
3.9 
4.9 
5.2 
4.9 
4.8 
4.8 
4.7 
4.7 
4.6 
height, 


Nov.    Dec. 


3.7        8.7  8.7 

8.7        3.7  8.7 

8. 6        8. 7  8. 7 

8.6        8.7  8.7 

3.6        8.7  8.7 

8.6        8.7  8.7 

8. 6        3. 7  8. 7 

3.6        8.7  8.7 

3.7  8.7 
3.9  8.9 

3.8  4.0 

3.8  4.0 

8.9  4.0 
4.2  4.0 
4.1  4.0 
4.0  4.0 
4.0  4.0 

22.9,  due  to.ialn. 


8.9 

8.5 

4.9 

3.6 

5.2 

3.5 

4.9 

8.6 

4.8 

6.7 

4.8 

6.2 

4.7 

4.6 

4.7 

8.8 

4.6 

8.7 
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Mean  daily  gage  height,  in  feet,  of  Monocacy  River  near  Frederick,  Md.,  for  1904 — 

Continued. 


Day. 

1   Jan. 

1 
..     a4.b 

Feb. 
«4.9 

Mar. 
5.5 

Apr. 
4.9 

May. 

4.8 

June. 
4.5 

July. 

Aug. 
4.0 

Sept. 

Oct. 

Nov. 

'd.. 

18 

1.1 

4.6 

3.6 

S.9 

4.^ 

19 

.J    n4.5 

«i4.9 

6.5 

4.8 

5.2 

4.5 

4.1 

4.0 

4.6 

8.6 

3.9         4.:' 

1 

20 

..|    a4.5 

a  4. 9 

5.8 

4.8 

5.1 

69.7 

4.0 

4.2 

5.6 

3.6 

S.9         4>. 

21 

..,    a4.5 

«4.9 

6.1 

4.7 

4.9 

7.3 

4.0 

4.7 

5.2 

3.7 

S.8         <J' 

22 

..     a4.5 

rW.B 

6.5 

4.6 

4.7 

5.9 

4.0 

4.7 

4.9 

4.8 

3.8         4.0 

23 

..  <'19.9 

12.2 

6.8 

4.6 

4.6 

4.8 

4.0 

4.6 

4.6 

4.4 

3.8         4.@ 

24 

..      11.5 

9.0 

6.1 

4.6 

4.5 

4.5 

6.1 

4.5 

4.4 

4.1 

3.8         4-2 

26 

..        6.1 

6.8 

5.9 

4.6 

4.4 

4.3 

6.1 

4.2 

3.9 

3.9 

S.8         4.4 

26 

5.9 

5.1 

5.7 

4.7 

4.4 

4.2 

5.1 

4.2 

3.7 

3.8 

3.8         ^.1 

27 

..        4.6 

4.9 

6.6 

4.9 

4.4 

4.1 

5.1 

4.1 

3.9 

3.8 

38  1    »6.S 

28 

4.6 

4.8 

5.4 

5.3 

4.4 

4.1 

5.0 

3.9 

4.1 

3.7 

3  7       9.: 

29 

..,      5.5 

4.8 

5.2 

5.2 

4.3 

4.2 

4.9 

3.8 

3.9 

S.7 

37  !      8  9 

30 

..,      6.1 

5.1 

5.1 

4.3 

4.2 

4.4 

3.8 

8.7 

3.7 

3.7         7  5 

31 

..        5.9 

1 

5.4 

4.5 



4.2 

3.8 

3.7 

s.:. 

a  Frozen  at  gage. 


bRain. 


c  Ice  broke. 


Rating  table  for  Monocacy  River  near  Frederick ,  Md.,  from  January  7,  1902,  to  Detrm- 

her  SI,  1904. 


1 

Gage 
height. 

Discharge. 

Gage 

height. 

1 

|l 

Discharge.   ' 

l| 
li. 

Second-feet.  Il 

Gage 
height. 

F^et. 

Diachaigc. 

Gage 
height. 

Discbjuire. 

Fret. 

Second-feet. 

Ftet. 

Second-feet. 

Fi^et. 

Sreond-frei. 

,       3.50 

73 

4.90 

460    ' 

6.60 

1,420 

1     14.00 

7,340 

3.60 

86 

5.00 

500 

6.80 

1,580 

!     15.00 

8,140 

1       3.70 

101 

5. 10 

540   ' 

7.00 

1,740. 

16.00 

O,  »rH) 

1       3.80 

118 

5.20 

580 

7.20 

1,900 

1     17.00 

9,740 

1      3.()0 

137 

5.30 

630  , 

7.40 

2,060 

'     18.00 

10,  WO 

4.00 

158 

5. 40 

680; 

7.60 

2,220 

19.00 

11,340 

4.10 

181 

5. 50 

730 

7.80 

2,380 

20.00 

12,140 

4.20 

207 

5.60 

780   , 

8.00 

2,540 

21.00 

12,940 

4.30 

235 

5.70 

1 

835 

8.50 

2,940 

1     22.00 

13, 740 

4.40 

268 

1      5.80 

890   ' 

9.00 

3,340 

23.00 

14,  WO 

4.50 

303 

1      5.90 

945 

10.00 

4,140 

24.00 

15,340 

4.60 

340 

6.00 

1,000   ^ 

11.00 

4,940 

25.00 

16,140 

4.70 

380 

6.  20 

1 

1,120 

12. 00 

5,  740  ' 

4.80 

420 

6.40 

1 

1,260   ' 

•                   1 

13.00 

6, 540  , 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  apon 
26  discharge  measurements  made  during  1896-1904.  It  is  well  defined  between  gage 
heights  3.05  feet  and  10  feet.  The  table  has  been  extended  beyond  theee  limits. 
Above  gage  height  6.50  feet  the  rating  curve  is  a  tangent,  the  difference  being  80  per 
tenth. 
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£8tin\aled  monthly  dm'harge  of  j\fo7io<Mcy  River  near  Fred(Tick'f  Md.^  for  1904' 

[Drainage  area,  665  square  mlle8.] 


Discharge  in  second-feet. 


Month. 


Maximum.     Minimum. 


January 

February 

March 

April 

May 

June 

July 

August 

Sei>tember 

October 

November 

December 

The  vear 


12,060 

7,460 

9,900 

2,300 

836 

3,900 

2,620 

6,220 

780 

836 

207 

3,500 

12,060 


3a5 
340 
640 
340 

2:» 

181 
158 
118 
101 
73 
101 
101 


73 


Mean. 

1,001 
1,409 
1,690 
750 
405 
814 
610 
447 
2a3 
160 
122 
487 

682 


Run -off. 


Second-feet    rk^^»K  i^ 


1.51 
2.12 
2.54 
1.13 
.609 
1.22 
.917 
.672 
.426 
.241 
.183 
.732 


1.74 
2.29 
2.93 
1.26 
.702 
1.36 
1.06 
.775 
.475 
.278 
.204 
.844 


1.02 


13. 918 


JAMES  RIVER  DRAINAGE  BA8I1^. 

The  headwaters  of  James  River  lie  in  the  high  mountaias  in  the 
extreme  western  part  of  Virginia.  It  is  formed  by  the  confluence  of 
Jackson  and  Cowpasture  rivers  in  the  extreme  northern  part  of  Bote- 
tourt County,  Va.,  thence  it  flows  easterly  across  the  State  and  empties 
into  Chesapeake  Ba}'  through  Hampton  Roads. 

The  river  with  all  of  its  tributaries  lies  wholly  in  Virginia.  Its  total 
length  is  about  335  miles  and  its  total  drainage  area  about  9,700  square 
miles.  The  basin  is  varied  in  character,  changing  from  the  moun- 
tainous section  in  the  upper  part  to  low,  flat,  and  often  swampy  areas 
as  tide  water  is  approached.  Jackson  and  Cowpaature  rivers  flow  from 
narrow  valleys  between  steep  hills  over  beds  of  sand  and  gravel  with 
rock  ledges  in  places,  and  are  bordered  with  fertile  bottom  lands.  In 
this  portion  of  the  basin  the  water  collects  quickly,  causing  rapid  rises 
in  the  river  below.  The  James,  cutting  as  it  does  through  the  ridges 
of  the  mountains,  flows  alternately  across  fertile  valle^^s  with  a  gentle 
current  and  through  breaks  in  the  ridges  with  rocky  and  precipitous 
banks,  the  fall  in  these  localities  being  often  considerable.  It  crosses 
the  fall  line  at  Richmond. 

Near  Cliftonforge  and  again  near  Balcony  Falls  the  James  flows 
through  ridges  of  the  Alleghenies,  with  sharp  falls  over  beds  of  solid 
rock.     At  other  points  similar  though  less  pronounced  falls  and  rapids 
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occur,  as  the  river  cuts  through  the  lesser  foothills.  Between  thei-e 
mountainous  or  hilly  sections  the  flow  is  through  broad  and  fertile 
valleys  over  sand  and  gravelly  beds  with  gentle  slope.  The  &11  line 
is  Anally  crossed  at  Richmond.  A  considerable  number  of  dams  have 
been  built  in  the  river,  generally  for  diverting  water  into  the  old  Jame^ 
and  Kanawha  canal,  which  followed  the  river  from  Richmond  to  Buch- 
anan, and  was  at  one  time  utilized  throughout  that  entire  distance. 
The  use  of  this  canal  has  now  been  abandoned,  however,  and  its  right 
of  way  is  owned  and  for  considerable  distances  occupied  by  the  Chesa- 
peake and  Ohio  Railroad.  The  use  of  the  dams  was  abandoned  with 
the  canal,  and  in  many  instances  they  have  not  been  utilized  for  power 
purposes  although  in  good  repair. 

The  principal  utilized  power  on  the  river  is  at  Richmond.  Fluctua- 
tions in  stage  are  great.  The  record  of  gage  height  at  Cartersville, 
Va.,  which  extends  over  a  period  of  five  years,  shows  a  range  in  gagv 
height  of  nearly  25  feet.  The  estimated  discharge  has  varied  between 
75,000  and  500  cubic  feet  per  second. 

Prof.  D.  C.  Humphrey  made  a*  survey  of  the  river  from  Richmond 
to  Cliftonforge  in  1897,  and  the  profile  developed  by  him  was  pub- 
lished in  Part  IV  of  the  Nineteenth  Annual  Report  of  the  United 
States  Geological  Survey,  pages  162-173. 

Gages  were  established  on  James  River  in  1893  by  F.  B.  Isaacs, 
engineer  for  water  power  of  the  Chesapeake  and  Ohio  Railway  Com- 
pany, at  Ninemile  Locks,  Columbia,  Scottsville,  Lynchburg,  Balcony 
Falls,  Buchanan,  Eagle  Mountain,  and  Cliftonforge.  Records  of 
heights  of  water  at  these  points  were  made  twice  daily  from  1893  to 
1897,  and  freshet  reports  were  obtained  for  these  years.  The  gage^ 
were  not  referred  to  any  fixed  datum,  but  the  zero  of  each  gage  wa> 
set  at  what  was  considered  ordinary  low  water  in  the  river.  During 
the  latter  part  of  1899  records  were  resumed,  excepting  at  Scottsville, 
Balcony  Falls,  and  Eagle  Mountain,  where  the  gages  have  been 
abandoned. 

At  Boshers  dam,  9  miles  above  Richmond,  is  a  gage  where  the  height 
of  water  is  recorded  twice  daily,  showing  the  supposed  head  on  the 
crest  of  dam.  This  crest,  however,  is  so  irregular  that  the  coefficient 
of  discharge  has  not  been  ascertained.  Another  complication  exists 
in  the  fact  that  water  is  deflected  into  a  canal,  the  quantity  not  being 
known. 

The  United  States  Weather  Bureau  maintains  river  stations  in  this 
basin  as  follows: 

James  at  Lynchburg,  Va. 
James  at  Columbia,  Va. 
James  at  Richmond,  V'a. 
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During  1904  the  United  States  Geological  Survey  haa  maintained 
gaging  stations  in  this  basin  as  follows: 

James  at  Buchanan,  Va. 
James  at  Holcomb  Rock,  Va. 
James  at  Cartersville,  Va. 
North  (of  James)  at  Glasgow,  Va. 
Appomattox  at  Mattoax,  Va. 

JAMES   RIVER"  AT  BUCHANAN,  VA. 

This  station  was  established  August  18,  181)5,  by  C.  C.  Bahb.     It  is 
located  at  the  iron  highway  bridge  near  the  Chesapeake  and  Ohio  Rail- 
way station,  and  one-half  mile  from  the  Norfolk  and  Western  Railway 
station.     It  is  about  20  miles  above  the  mouth  of  North  River  and  one- 
half  mile  above  the  mouth  of  Purgatory  Creek.     The  United  States 
Weather  Bureau  maintained  a  gage  at  this  point  for  about  two  years 
before  measurements  were  made  by  the  Geological  Survey.     On  April 
8,  1897,  the  datum  of  the  original  wire  gage  was  lowered  2  feet  to 
avoid  negative  readings.     On  November  21,  1903,  the  wire  gage  was 
replaced  by  a  standard  chain  gage  installed  by  W.  C.  Saw3'er.     It  is 
located  on  the  upstream  side  of  the  bridge  near  the  center  of  the  left 
span.     The  length  of  the  chain  from  the  end  of  the  weight  to  the 
marker  is  35  feet.     Bench  mark  No.  1  is  the  top  of  the  upper  end  of 
the  third  floor  beam  from  the  left  bank.     Its  elevation  is  29.87  feet 
above  gage  datum.     Bench  mark  No.  2  is  the  top  of  a  stone  post 
under  the  southwest  corner  of  the  porch  of  the  Chesapeake  and 
Ohio  Railway  station.     Its  elevation  is  24.50  feet  above  gage  datum. 
Bench  mark  No.  3  is  a  copper  bolt  in  a  ledge  of  rock  on  the  left  bank 
500  feet  above  the  station.     Its  elevation  is  16.14  feet  above  gage 
datum.     This  bench  mark  was  established  November  21, 1903,  at  which 
time  the  old  bench  mark  on  this  ledge  could  not  be  found.     Bench 
mark  No.  4  is  the  top  of  the  upper  end  of  the  seventh  floor  beam  from 
the  left  bank.     Its  elevation  is  29.92  feet  above  gage  datum.     Dis- 
charge measurements  are  made  from  the  lower  side  of  the  two-span 
iron  highway  bridge,  which  has  a  total  span  of  350  feet.     The  initial 
point  for  soundings  is  the  end  of  pin  on  the  lower  side  of  bridge  at 
the  left  bank.     The  channel  is  straight  for  800  feet  above  and  for 
about  the  same  distance  below  the  station.     The  current  has  a  moderate 
velocity  and  is  broken  by  the  middle  pier  of  the  two-span  bridge. 
Both  banks  are  high,  not  liable  to  overflow,  and  without  trees.     The 
bed  of  the  stream  is  rocky  and  free  from  vegetation.     The  gage  is 
read  twice  each  day  by  U.  H.  Hyde. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 
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Discharge  measuremenUs  of  James  River  at  Bunhanan,  Fa.,  in  1904* 


Pate. 


June  17 R.  H.  Bolster. 

August  8 N.  C.  G rover  , 

September  17  ..    R.  H.  Bolster. 


Septeniber  30 
OctolKjr  19... 


.do 
.do 


320 
323 

284 
284 
284 


Area  of 
section. 


Mean  6«ee 

velocity,     heigrht. 


Sq./ret. 
1,119 
860 
707 
687 
676 


Ft.  per  Bee. 
1.34 
.90 
.56 
.53 
.46 


Fpfi. 
2.98 
2.32 
1.81 
1.74 
1.70 


Discharge. 

Srexmd-f*rt. 
1,4* 

39:> 
fl3U 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


a  Slight  change  in  bed. 


Mean  daily  gage  IieigfUf  in  feel^  of  James  River  at  Buchanan^  Va,ffor  1904- 


Day. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 
3.10 

Aug. 
2.42 

Sept. 
1.82 

Oct. 

Nov. 
1.75 

Dec. 

2.36 

2.71 

4.74 

3.39 

4.72 

4.89 

1.72 

LN? 

2.36 

2.86 

5.44 

3.70 

4.29 

8.02 

2.86 

2.28 

1.80 

1.73 

1,76 

l.-^ 

2.28 

2.73 

4.76 

3.71 

3.89 

8.74 

2.71 

2.18 

1.90 

1.78 

1.75 

1,N< 

2.38 

2,42 

4.12 

3.57 

3.79 

6.39 

2.56 

2.10 

1.90 

1.72 

1.75 

1  if^ 

2.47 

2.42 

3.32 

3.43 

3.59 

5.38 

2.47 

2.40 

1.90 

1.70 

1.77 

l.Nj 

2.43 

2.36 

3.96 

3.27 

3.46 

4.66 

2.45 

2.37 

1.8H 

1.70 

1.7S 

1.^:: 

2.38 

2.62 

8.27 

3.19 

3.39 

4.12 

2.37 

2.29 

1.86 

1.70 

1.77 

i>-^ 

2.38 

4.19 

7.20 

3.25 

3.64 

4.04 

2.46 

2.39 

1.80 

1.70 

1.75 

i.jv 

2.33 

4.39 

6.26 

4.47 

3.69 

3.62 

2.31 

2.20 

1.81 

1.70 

1.75 

1  Sil 

2.30 

3.69 

5.11 

4.27 

3.59 

3.42 

2.26 

2.20 

1.84 

1.70 

1.75 

1.?: 

2.30 

3.32 

4.48 

3.95 

3.49 

3.34 

2.25 

2.63 

1.85 

1.70 

1.71 

1.9S 

2.28 

3.02 

4.08 

3.77 

3.32 

3.23 

2.49 

2.44 

1.91 

1.70 

1.71 

l.« 

2.22 

2.82 

4.10 

3.57 

8.16 

3.09 

2.34 

2.25 

1.90 

1.70 

1.75 

1.9P 

2.18 

2.65 

3.86 

3.47 

3.14 

2.93 

2.24 

2.16 

1.85 

1.70 

1.85 

1.90 

2.08 

2.55 

3.78 

3.33 

3.22 

2.76 

2.19 

2.10 

1.82 

1.70 

1.96 

1.* 

1.98 

2.47 

3.76 

3.25 

3.»1 

2.83 

2.10 

2.00 

1.80 

1.70 

1.90 

i.«: 

1.98 

2.29 

3.54 

3.17 

3.24 

3.00 

2.06 

2.25 

1.80 

1.70 

1.88 

l.N^ 

1.98 

2.28 

3.38 

3.06 

4.86 

3.16 

2.01 

2.10 

1.80 

1.70 

1.85 

i.ss 

1.98 

2.55 

3.32 

2.96 

10. 12 

3.04 

2.00 

2.20 

1.80 

1.70 

1.88 

1.* 

2.03 

2.69 

3.22 

2.89 

7.19 

3.17 

1.90 

2.10 

1.80 

1.70 

1.83 

LS.^ 

2.13 

2.52 

3.12 

2.79 

5.72 

8.48 

1.90 

2.10 

1.80 

1.75 

1.80 

l.V 

2.45 

3.22 

3.M 

2.75 

4.86 

3.32 

1.90 

2.10 

1.80 

1.75 

1.80 

1.*^ 

5.18 

5.92 

3.82 

2.70 

4.38 

3.01 

2.04 

2.10 

1.78 

1.75 

1.87 

l.< 

4.78 

4.65 

4.56 

2.66 

4.04 

2.76 

2.19 

2.00 

1.78 

1.75 

1.85 

l.*<> 

3.73 

4.32 

4.24 

2.63 

4.04 

2.62 

2.22 

1.97 

1.77 

1.75 

1.8S 

1.92 

3.36 

3.39 

4.04 

2.94 

4.10 

2.54 

2.22 

1.95 

1.77 

1.75 

1.83 

l.\l 

3.10 

3.55 

3,94 

6.40 

4.34 

2.48 

2.20 

1.90 

1.75 

1.75 

1.83 

2.3 

2.70 

3.33 

3.74 

8.07 

4.32 

2.74 

2.21 

1.90 

1.75 

1.75 

1.8S 

2.35 

2.40 

3.61 

3.57 

6.30 

3.78 

3.42 

2.20 

1.85 

1.75 

1.75 

L80 

i.u 

2.39 

3.42 

5.36 

3.64 

3.22 

2.16 

1.86 

1.75 

1.75  1 

1.80 

2. -J? 

2.66 

3.28 

3.64 

t 

2.07 

1.82  ' 

1.75  ! 

»»    K^% 

GBOTEB  AKD 
HOYT. 


] 


JAMES  BIVER  DBAINAOE  BASIN. 


83 


Rating  table  for  James  River  at  Buchanan^  To.,  from  January  1  to  December  SI,  1904, 


Gage 
height. 

DischAzge. 

Gage 
height. 

Diiicbaige. 
Srcondr/eet. 

Gage 
height. 

Diflcharge. 

Gage 
height. 

Fret. 

Dischaige. 

Fixi, 

Seeond-fcet, 

fM. 

Feci. 

Second-feet. 

Sccond-fect. 

1.70 

330 

2.40 

861 

3.40 

2,100 

4.40 

3,840 

1.76 

366 

2.60 

960 

3.50 

2,260 

4.50 

4,030 

1.80 

386 

2.60 

1,060 

3.60 

2,410 

4.60 

4,220 

1.86 

416 

2.70 

1,170 

3.70 

2, 570  ; 

4.70 

4,420 

1.90 

449 

2.80 

1,285 

3.80 

2,740  , 

4.80 

4,620 

1.95 

484 

2.90 

1,406 

3.90 

2,910 

4.90 

4,  825 

2.00 

620 

3.00 

1,536 

4.00 

3,090 

5.00 

5,035 

2.10 

598 

3.10 

1,670 

4.10 

3,270 

2.20 

681 

3.20 

1,810 

4.20 

3,460 

2.30 

1 

768 

3.30 

1,950 

4.30 

3,650 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
5  discharge  measurements  made  during  1904  up  to  gage  height  3  feet.  Above  3  feet 
the  curve  is  based  upon  three  measurements  made  in  1901  and  1903.  It  is  well 
defined  between  gage  heights  1.70  and  4  feet. 

Measurements  above  5  feet  gage  height  are  estimated. 


Estimated  monthly  discharge  of  James  River  at  Buchanan^  Va.j  for  1904^ 

[Drainage  area,  2.058  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second 

1-feet. 
Mean. 

Rnn-ofl. 

Maximum. 

'  Minimum. 

Second-feet 

per  square 

mile. 

Depth  in 
'    inches. 

6,413 

606 

1,164 

0.566 

0.653 

7,110 

750 

1,916 

.931 

1.00 

14, 010 

1,587 

3,749 

1.82 

2.10 

• 

13,330 

1,093 

2,937 

1.43 

1.60 

20,880 

1,726 

3,771 

1.83 

2.11 

15,640 

940 

3,143 

1.53 

1.71 

1,670 

449 

762 

.370 

.427 

1,093 

397 

647 

.314 

.362 

456 

366 

397 

.193 

.216 

366 

330 

341 

.166 

.191 

484 

335 

388 

.189 

.211 

881 

386 

484 

.236 

.271 

20,880 

330 

1,642 

.798 

10.860 

84 


STREAM   MEA8UEEMENTS   IN   1904,  PART   III. 


[so.  136. 


JAMES  RIVER  AT  HOLCOMB   ROCK,  VA. 

This  station  was  established  by  the  Willson  Aluminum  Company, 
of  Holcomb  Rock,  Va.,  in  1899,  in  connection  with  measurements  to 
determine  the  horsepower  available  at  that  point.  During  1899  the 
records  were  fragmentary,  but  at  the  commencement  of  1900  daily 
records  were  taken,  which  have  been  furnished  to  the  Geological  Sur- 
vey through  the  courtesy  of  George  O.  Seward,  general  manager  of 
the  company.  The  gage  consists  of  a  copper  float  8  by  8  by  8  inches, 
with  a  vertical  rod  li  inches  square  attached  to  it.  The  rod,  which 
extends  up  through  the  powerhouse  floor,  is  graduated  to  tenths  of  a 
foot.  The  copper  float  is  inclosed,  in  a  12-inch  by  12-inch  by  12-foot 
box,  which  rests  solidly  on  the  bottom  of  the  river.  The  box  is  per- 
forated, so  that  the  water  in  it  will  always  stand  at  the  same  level  as 
the  water  in  the  river,  while  the  float,  being  inclosed,  is  not  in  danger 
of  being  broken  by  floating  timber.  The  fluctuations  of  the  river  are 
read  directly  f  rorti  the  rod,  which  moves  up  or  down  with  the  float  as 
it  responds  to  the  variations  in  the  height  of  the  river. 

Mean  daily  gage  heighty  infeetj  of  James  River  at  Holcomb  Rocky  Va.,  for  1904* 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1.25 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.60 
1.80 
1.40 
1.90 
1.90 
1.50 
1.20 
1.40 
1.45 
1.80 
1.50 

.90 
1.35 
1.05 
1.30 
1.30 
1.15 
1.15 
1.05 
1.00 
1.00 
1.10 

.90 
1.00 

'  Sept 

r 

,    0.95 
'      .95 

;  1.00 

'      .85 
1.00 
1.00 
.90 
.90 
.80 
.90 
.65 
.95 
.95 
.96 
1.00 
1.00 
.95 
.75 
.90 
.90 
.90 
.80 
.80 
.80 
.45 
1.10 
.85 
.80 
.70 
.70 

Oct. 

Nov. 

Dec, 

1 

1.80 
1.40 
'    1.10 
;    1.20 
1.65 
!     1.55 
1.40 
1.40 
1.40 
1.35 
1.40 
1.35 
1.30 
1.26 
1.10 
1.20 
.86 
1.30 
1.15 
1.15 
1.20 
1.46 
3.75 
3.H5 
3.20 
2.50 
2.20 
1.90 
1.75 
1.75 
1.65 

1.75 
1.70 
1.66 
1.50 
1.50 
1.55 
2.25 
3.05 
3.60 
3.05 
2.40 
2.10 
2.00 
1.85 
1.60 
1.80 
1.60 
1.45 
1.60 
1.70 
1.60 
3.20 
5.50 
4.35 
3.55 
3. 15 
2.60 

3.  a*) 
4.60 
8.95 
6.85 
4.95 
4.06 
3.60 
3.30 
3.10 
2.86 
2.80 
2.65 
2.50 
2.85 
2.15 
2.20 
2.15 
2.10 
2.65 
3.45 
3.10 
2.85 
2.75 
2.56 
2.44 
2.30 

2.30 

2.60 

2.60 

2.60 

2.40 

2.25 

2.20 

2.25 

2.55 

3.25 

3.15 

2.85 

2.66 

2.46 

2.25 

2.25 

2.05 

2.10 

2.06 

1.95 

1.80 

1.70 

1.70 

1.70 

1.60 

1.60 

2.65 

8.75 

5.90 

4.86 


J 

4.00 
3.70 
8.15 
2.80 
2.65 
2.50 
2.35 
2.65 
2.85 
3.15 
2.90 
2.65 
2.40 
2.30 
2.30 
2.35 
2.30 
2.50 
10.00 
8.  ft*) 
5.60 
4.30 
3.60 
3.10 
3.05 
3.15 
8.30 
3.30 
2.80 
2.60 

2.40 

1 

3.80 
7.26 
8.80 
6.70 
5.00 
6.35 
3.25 
3.25 
2.75 
2.55 
2.36 
2.20 
2.10 
1.95 
1.75 
1.85 
2.10 
1.85 
1.95 
1.85 
2.60 
2.50 
2,10 
1.90 
1.80 
1.60 
1.60 
2.05 
2.10 
2.15 

i 

2.01 
1.80 
1.70 
1.65 
1.60 
1.65 
1.56 
1.40 
1.40 
1.40 
1.45 
1.60 
1.50 
1.45 
1.25 
1.30 
1.25 
1.20 
1.00 
1.20 
1.10 
1.20 
1.80 
1.20 
1.40 
1.40 
1.26 
1.30 
1.55 
1.40 

1.00 

1 

0.75 
.25 

1.15 
.80 
.80 
.40 
.85 
.75 
.25 
.75 
.85 
.85 
.75 
.75 
.80 
.00 
.45 
.70 
.60 
.65 
.85 

1.00 
.70 
.75 
.70 
.75  1 
.70 
.80 
.06 
.75 

o.» 

.70 
.65 
.75 

.80 
.20 

'      .95 

1 

.75 

,70 

.75 

.70 

.80 

.20 

1.15 

.85 

.90 

.90 

.80 

.80 

.95 

.75 

.80  . 

.80' 

.90, 

.80 

.85 

.90 

.85 

.75 

I 

■      0.70 

2 

.7^ 

3 

4 

6 

6 

7 

1-ft^ 

1.10 
I-IU 
l.i'i 

8 

1.30 

9 

i.'io 

10 

1.00 

11 

63 

12 

l.is 

13 

.90 

14 

75 

15 

7^ 

16 

.Nt 

17 

•^ 

18 

..V' 

19 

.(^1 

20 

.  iv« 

21 

.  N> 

22 

-W 

23 

.90 

24 

.90 

25 

.«i5 

26 

.Sft 

27 

.Vi 

28 

1.45 

29 

1.35 

80 

].» 

81 
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JAMES  RIVER  AT   CARTER8VI1.LE,  VA. 

This  gaging  station  was  established  January  1,  1899,  by  D.  C. 
Humphreys,  and  is  located  at  the  highway  bridge  crossing  the  James 
between  Pemberton  and  Cartersville,  one-half  mile  from  the  railroad 
station  at  Pemberton  and  50  miles  above  Richmond,  Va.  The  original 
wire  gage  was  attached  to  the  bridge  and  referred  to  a  bench  mark,  the 
top  of  the  lower  end  of  the  fourth  floor  beam  from  the  right  bank,  which 
is  32.04  feet  above  the  zero  of  the  gage.  This  gage  was  verified  June 
23,  1899.  The  original  wire  gage  was  replaced  by  a  standard  chain 
gage  installed  July  24,  1903,  by  B.  S.  Drane.  The  length  of  the 
chain  from  the  end  of  the  weight  to  the  marker  is  37.98  feet.  Bench 
mark  No.  1  is  a  standard  copper  plug  set  in  the  capstone  of  the  right 
abutment  at  its  lower  end.  It  is  inclosed  by  a  ring  of  white  paint 
and  is  marked  by  the  letters  "B.M.U.S.G.S. Hydro."  Its  elevation 
is  31.74  feet  above  gage  datum.  Bench  mark  No.  2  is  a  spot  of  white 
paint  on  the  inner  eyebar  of  the  lower  chord  of  the  bridge,  under  the 
pulley  end  of  the  gage  box.  Its  elevation  ia  32.91  feet  above  gage 
datum.  To  provide  for  readings  over  10  feet,  two  additional  markers, 
respectively  10  and  20  feet  below  the  first,  have  been  placed.  The 
gage  is  attached  to  the  timbers  of  the  second  span  from  the  right 
bank  on  the  downstream  side,  at  the  same  height  as  the  hand  rail. 
Discharge  measurements  are  made  from  the  lower  side  of  the  bridge 
to  which  the  gage  is  attached.  The  initial  point  for  soundings  is 
the  right  end  of  the  downstream  hand  rail.  Distances  are  marked 
with  white  paint  on  the  rail.  The  channel  is  straight  for  one-third 
mile  above  the  station  and  for  1  mile  below.  Both  banks  are  high  and 
will  overflow  only  at  extreme  flood  stages.  The  bed  of  the  stream  is 
composed  of  rocks  and  sand  and  is  somewhat  shifting.  The  gage  is 
read  once  each  day  by  B.  W.  Palmore,  the  postmaster. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  James  River  at  CartersviUe^  Va,t  in  1904- 


Date. 


Jiin»23 

September  13 

Octobers 

October  22... 


Hydrosrrapher. 


R.  H.  Bolster. 

do 

do 

J.  C.  Hoyt.... 


width. 


Ftet. 
688 

639 

638 

638 


Area  of 
section. 


Mean  ve- 
locity. 


Oa^e 
height. 


Diacharge. 


Sv-  A^<. 

Ft.  per  sec. 

Feet. 

2,546 

1.96 

2.84 

1,202 

1.08 

.75 

1,169 

.96 

.70 

1,265 

1.11 

.85 

Second-feet. 
4,994 

1,301 

1,117 

1,405 
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[HO.  191 


Mean  daUy  gage  height,  in  feet,  of  James  River  at  CariermUe,  To.,  /or  1904' 


Day. 

Jan. 

Feb. 

2.10 
2.00 
1.90 
1.85 
1.80 
1.88 
3.32 
3.80 
8.50 
4.80 
4.52 
8.25 
2.90 
2.75 
2.52 
2.22 
2.20 
1.80 
1.90 
2.00 
2.25 
4.60 
6.22 
6.29 
6.15 
4.63 
4.12 
3.95 
3.50 

Mar. 

Apr. 

May. 

June. 

8.85 
5.20 
7.52 
10.00 
7.40 
5.98 
4.92 
4.40 
4.03 
8.60 
8.30 
2.85 
2.62 
2.45 
2.30 
2.18 
2.15 
2.22 
2.18 
2.15 
2.82 
2.40 
2.85 
2.52 
2.18 
1.88 
1.80 
1.65 
2.00 
2.36 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec 

1 

1.60 
1.68 
1.60 
1.38 
1.36 
1.35 
2.26 
2.55 
1.90 
1.55 
1.45 
1.47 
1.62 
1.56 
1.50 
1.45 
1.35 
1.40 
1.25 
1.36 
1.46 
1.68 
2.42 
3.00 
5.60 
4.02 
3.48 
3.25 
2.85 
1.90 
2.10 

3.38 
3.30 
4.85 
4.85 
4.30 
8.90 
6.08 
13.00 
11. 10 
9.18 
6.65 
5.50 
4.70 
4.60 
4.40 
4.00 
3.70 
3.58 
3.50 
3.20 
3.16 
3.00 
2.90 
2.86 
2.85 
4.30 
4.00 
3.98 
3.65 
3.30 

4.00 

» 

3.30 
3.10 
3.10 
3.30 
8.28 
8.00 
3.10 
3.05 
3.10 
3.65 
4.55 
4.10 
3.78 
3.40 
8.20 
3.00 
2.76 
2.58 
2.55 
2.40 
2.30 
2.20 
2.10 
2.08 
2.05 
2.00 
3.00 
6.00 
9.60 
7.42 

6.90 
6.00 
4.32 
8.77 
8.48 
8.22 
3.10 
6.30 
4.92 
6.12 
4.80 
4.20 
3.75 
3.42 
3.25 
8.12 
8.02 
8.43 
5.13 
10.55 
9.15 
6.15 
5.32 
4.50 
8.98 
3.65 
3.52 
3.50 
3.60 
3.45 
3.02 

2.55 
2.52 
2.10 
1.85 
1.70 
1.62 
1.48 
1.86 
1.90 
2.00 
2.56 
1.52 
1.40 
1.60 
1.48 
1.30 
1.38 
1.40 
1.30 
1.25 
1.10 
1.00 
1.30 
2.06 
2.00 
1.55 
1.62 
2.05 
1.90 
1.95 
1.60 

1.45 
1.72 
8.10 
2.52 
1.58 
8.37 
2.00 
2.35 
1.70 
1.30 
1.80 
1.90 
2.12 
2.00 
1.90 
1.77 
1.40 
2.00 
1.96 
1.90 
1.46 
1.23 
1.21 
1.20 
1.28 
1.19 
1.00 
1.00 
.96 
.80 
.65 

0.81 

1.00 

.90 

.85 

.80 

.70 

.85 

.85 

.80 

.98 

1.10 

.95 

.78 

1.26 

3.80 

2.43 

1.80 

.96 

.96 

.68 

.82 

.95 

.90 

.88 

.82 

.80 

.75 

.68 

.82 

.85 

0.80 
.75 
.70 
.55 
.SO 
.55 
.55 
.70 
.65 
.55 
.62 
.50 
.50 
.50 
.50 
.68 
.68 
.65 
.56 
.60 
.60 
.82 
.82 
.78 
.75 
.78 
.70 
.62 
.62 
.70 
.75 

0.05 
.75 
.75 
.72 

.80 
.72 
.70 
.70 
.70 
.75 
.» 
.78 
1.00 
1.45 
1.82 
1.10 
l.OD 
.92 
.95 
.98 
.90 
.85 
.88 
.95 
.90 
.90 
.85 
.85  . 
.80 
.75 

1 

aa5 

2 

.88 

3 

.90 

4 

1.00 

5 

1.00 

6 

1.60 

7 

1.70 

h 

1.62 

9 

'     1.10 

10 

1.38 

11 

1.28 

12 

L22 

13 

Loe 

14 

1.10 

16 

1.15 

16 

1.40 

17 

1.88 

18 

2.15 

19 

2.90 

20 

2.22 

21 

a2.» 

• 
22 

a  2. 50 

23 

a  2. 90 

24 

1.48 

25 

1.65 

26 

l.SO 

27 

1.80 

28 

2.10 

29 

2.-20 

30 

1.90 

31 

1.75 

a  River  frozen. 
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Rating  table  for  James  River  atCarUrsvUle,  Va,ffrom  January  7, 1897  ^  to  December  SI,  1904* 


Qage 
1    height. 

Dlachargc. 

1 

Sec(md-/eet. 

0.50 

755 

.60 

935 

.70 

1,115 

.80 

1,295 

.90 

1,475 

1.00 

1,660 

1.10 

1,845 

1.20 

2,030 

1.30 

2,215 

1.40 

2,400 

1.50 

2,585 

1.60 

2,770 

1.70- 

2,955 

1.80 

3,140 

Discharge. 


1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 


Feet. 

1 

3.20 

3.30 

3.40 

3.50 

3.60 

3.70 

3.80 

3.90 

4.00 

4.10 

4.20 

4.30 

4.40 

4.50 

4.60 

4.70 

4.80 

4.90 

5.00 

5.10 

5.20 

5.30 

5.40 

5.50 

5.60 

5.70 

5.80 

Seeond-fed. 

5,890 

6,100 

6,310 

6,520 

'6,740 

6,960 

7,180 

7,400 

7,620 

7,840 

8,060 

8,290 

8,520 

8,750 

8,980 

9,210 

9,440 

9,680 

9,920 

10,160 

10,400 

10,640 

10,890 

11, 140 

11,390 

11,650 

11,910 


Gage 
hel^t. 


5.90 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 


Discharge. 


Siecond-/eet. 
12, 170 
12,430 
12, 970 
13,520 
14,080 
14,650 
15,230 
15, 810 
16, 410 
17, 010 
17,630 
18,250 
18,890 

19, 5;^ 

20,180 
20,840 
21,500 
22, 180 
22,860 
23,540 
24,220 
24,900 
25,600 
26,:^00 
27,  boo 
27,700 


Gage 
height. 


Feet. 

11.00 

11.20 

11.40 

11.60 

11.80 

12.00 

12.50 

13.00 

13.50 

14.00 

14.50 

15.00 

16.00 

17.00 

18.00 

19.00 

20.00 

21.00 

22.00 

28.00 

24.00 

25.00 

26.00 

27.00 

28.00 

29.00 


Discharge. 


Second'/eet. 
28,400 
29,120 
29,840 
30,560 
31,280 
32,000 
33,850 
36,700 
37,600 
39,500 
41,450 
43,400 
47,400 
51,400 
55,400 
59,400 
63,400 
67,400 
71,400 
75,400 
79,400 
83,400 
87,400 
91,400 
95,400 
99,400 


The  above  table  \c  applicable  only  for  open-channel  conditions.  It  is  based  upon 
23  discharge  meajBurements  made  durin)<  1897  to  1904,  inchisive.  It  is  well  defined 
between  gage  heights  0.40  feet  and  5  feet.  The  table  has  been  extended  beyond 
these  limits.  Above  gage  height  15  feet  the  rating  curve  is  a  tangent,  the  differ- 
ence being  400  per  tenth. 
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STREAM   MEASUREMENTS    IN    1904,  PART    IIL 


fKo.  tak 


EMimaLed  monthly  discharge  of  James  River  al  CartersvUU^  T  a.,  for  1904- 

[Dralnairc  area,  6.230  square  miles.] 


Month. 


January . . 
February . 

March 

April 

May 

June 

July 

August 

September 
October  .. 
Noveinl>er 
December 


Discharge  in  Mecoiid-fcet. 


RUD-Off. 


Maximum. 


11,390 

13,240 

35,700 

23,540 

26, 825 

24,900 

4,583 

6,205 

7,180 

1,331 

2,493 

4,485 


The  year 35, 700 


Minimum. 


2,123 
3,140 
5,180 
3,520 
5,480 
2,863 
1,660 
1,025 
1,079 
755 
1,025 
1,385 


Mean. 


Secondfeet ,  jj^  ^^ 

I  I 


3,662 
6,200 
9,786 
6,645 
9,043 
6,785 
2,975 
2,918 
1,692 
1,012 
1,425 
2,756 


0.587 
.  H9«> 
1.57 
1.07 
1.45 
1.09 
.477 
.468 
.271 
.162 
.229 
.442 


1. 070 
1.81 
1.19 
1,67 
1.22 
.55(» 
.NO 
.302 

.is: 

,25»> 

.  510 


755  I       4,575 


.734 


9.9N) 


/ 


NORTH    (of  JAMES)    RIVER   NEAR  GLASGOW,  VA. 

This  river  rises  on  the  western  slope  of  the  Shenandoah  Mountains 
and  flows  in  a  southeasterly  direction  across  the  valley  between  the 
Shenandoah  and  Blue  Ridge  ranges,  emptying  into  James  River  about 
17  miles  south  of  Lexington,  Va.  Its  drainage  basin  is  largely  under 
cultivation,  except  in  the  upper  part,  where  it  is  mountainous  and  cov- 
ered with  forest  growth.  This  station  was  established  August  21, 
1895,  by  C.  C.  Bahb,  assisted'  by  D.  C.  Humphreys.  It  is  located  at 
the  county  bridge,  three-fourths  of  a  mile  from  the  post-office  at  Glas- 
gow, Va.,  and  1  mile  al)ove  the  mouth  of  North  River.  The  origi- 
nal gage  was  of  the  wire  type.  On  July  22,  1903,  a  vertical  rod  gage 
was  placed  in  position.  This  consists  of  a  2  by  6  inch  rod,  nailed  to  a 
3  by  6  inch  oak  timber,  which  is  sunk  to  a  firm  foundation  and  securely 
nailed  and  braced  to  an  overhanging  tree  on  the  right  bank  below  the 
bridge.  This  gage  was  established  on  the  same  datum  as  the  original 
wire  gage  and  was  read  from  the  bridge.  On  November  24,  1903,  a 
standard  chain  gage  was  established  on  the  lower  side  of  the  bridge  in 
the  right  span.  Its  datum  is  the  same  as  that  of  the  wire  gage  and 
rod  gage,  which  it  replaces.  The  length  of  the  chain  from  the  marker 
to  the  end  of  the  weight  is  28  feet.  Bench  mark  No.  1  is  a  standard 
copper  plug  set  in  the  downstream  end  of  the  capstone  of  the  right 
abutment.     It  is  inclosed  in  a  ring  of  white  paint  and  is  marked  bj'  the 
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letters  ''B.  M.  U.  S.  G.  S.  Hydro."  Its  elevation  is  23.90  feet  above 
gmge  datum.  Bench  mark  No.  2  is  the  upper  surface  of  the  upper 
ehord  over  the  pulley  of  the  chain  gage.  Its  elevation  is  32.28  feet 
aT)ove  gage  datum.  Discharge  measurements  are  made  from  the  low^r 
.side  of  the  bridge  to  which  the  gage- is  attached.  The  initial  point  for 
>*oundings  is  the  center  of  the  end  pin  of  the  downstream  truss  on  the 
left  bank.  Originally  measurements  were  made  from  the  sidewalk  on 
the  upstream  side  of  the  bridge,  at  which  point  there  is  a  good  section. 
Beginning  with  1902,  measurements  were  made  from  the  lower  side  of 
the  bridge  on  account  of  the  removal  of  the  sidewalk.  The  section  on 
the  lower  side  of  the  bridge  is  not  as  favorable  for  accurate  measure- 
ments on  account  of  sunken  logs  and  on  account  of  the  bridge  piers. 
The  channel  is  straight  for  600  feet  above  and  below  the  station  and 
has  a  width  of  240  feet,  broken  by  two  iron  piers.  Both  banks  are 
high,  fringed  with  trees,  and  not  liable  to  overflow,  except  at  very 
high  water.  The  bed  of  the  stream  is  rocky  near  the  right  bank  and 
is  composed  of  rocks  and  mud  near  the  left.  The  gage  is  read  once 
each  da}^  by  B.  G.  Baldwin. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 


Discharge  measuremenis  of  North  (of  James)  River  near  GlasgoWy  Va. 


Date. 


Hydrographer. 


June  14 F.  H.  Brundage 

September  19  . .   R.  H.  Bolster . . 

September  30 do 

October  19 do 


Width. 


206 
197 
197 
197 


Area  of 
section. 


Sq.  feet. 
648 
504 
512 
506 


Mean 
velocity. 


Fi.  per  sec. 

0.81 

.34 

.36 

.31 


Feet. 

1.13 

.45 

.49 

.46 


Discharge. 

Second-fed. 
523 
170 
179 
157 


Mean  daily  gage  height  j  in  feet,  of  North  (of  James)  River  near  Glasgow,  Va.,for  J  904. 


Day. 


1 

2 
3 
4 

5 

6 

7 

& 

9 

10 

U 

12 

13 

14 


Jan. 

Feb. 
1.15 

Mar. 

Apr. 

0.90 

1.85 

1.55 

.90 

1.10 

2.05 

1.65 

.90 

1.10 

1.95 

1.45 

1.20 

.90 

1.75 

1.45 

1.00 

1.00 

1.65 

1.40 

.90 

1.00 

1.65 

1.40 

.85 

1.20 

1.95 

1.85 

.80 

2.60 

4.90 

1.35 

.75 

2.00 

3.10 

1.95 

.70 

1.75 

2.55 

1.95 

.70 

1.65 

2.20 

1.75 

.65 

1.60 

2.05 

1.65 

.68 

1.50 

1.95 

1.55 

.70 

1.25 

1.85 

1.45 

May. 


Sept. 

Oct. 

Nov. 

Dec. 

0.40 

0.50 

0.40 

0.60 

.45 

.50 

.40 

.60 

.50 

.35 

.40 

.60 

.50 

.45 

.40 

.60 

.60 

.45 

.40 

.60 

.50 

.45 

.45 

.60 

.60 

.45 

.60 

.70 

.50 

.45 

.50 

.70 

.50 

.45 

.50 

.65 

.50 

.40 

.50 

.60 

.50 

.45 

.60 

.60 

.50 

.45 

.50 

.60 

.50 

.45 

.60 

.60 

.50 

.45 

.70 

.55 
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Mean  daily  gage  height^  in  feet,  of  North  (of  James)  River  near  GlasgoWf  Va.,  for  190^ 

Continued. 


15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
2A. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 

Feb. 

.95 

1.26 

.85 

1.30 

.50 

1.30 

.66 

1.60 

.60 

1.75 

.60 

5.80 

1.65 

6.00 

.90 

7.60 

3.80 

7.20 

2.60 

6.40 

2.10 

1.96 

1.85 

1.70 

1.65 

1.55 

1.58 

1.65 

1.50 

1.36 

1.60 

1.25 

Mar. 

Apr. 

May. 

1.76 

1.36 

1.56 

1.65 

1.26 

1.66 

1.56 

1.20 

1.45 

1.50 

1.15 

1.45 

1.45 

1.15 

4.90 

1.35 

1.15 

3.30 

1.35 

1.06 

2.40 

1.35 

1.00 

2.10 

1.35 

.95 

1.90 

1.75 

.96 

1.80 

1.70 

.96 

1.70 

1.56 

.96 

1.70 

1.60 

2.15 

1.60 

1.60 

3.60 

1.55 

1.45 

2.90 

1.45 

1.60 

2.30 

1.35 

1.55 

1.30 

June. 


1.15 
1.15 
1.45 
1.35 
1.30 
1.16 
1.05 
2.05 
1.46 
1.05 
1.00 
1.00 
1.00 
1.35 
1.15 
1.05 


July. 

Aug. 

Sept. 

Oct. 
.45 

1 

Nov.  . 

1 

.80 

.90 

.80 

.60 

.70 

.80 

.65 

.45 

.60  i 

.65 

.70 

.55 

.40 

.50 

.65 

.70 

.50 

.45 

.50 

.70 

.75 

.45 

.45 

.55  1 

.66 

.70 

.40 

.45 

.55 

.65 

.70 

.40 

.45 

.60 

.70 

.75 

.40 

.45 

.50 

.80 

.85 

.40 

.46 

.50 

.80 

.75 

.40 

.40 

.50 

.90 

.70 

.40 

.45 

.50 

.86 

.70 

.40 

.45 

.50 

.90 

.60 

.35 

.45 

.50 

.80 

.55 

.35 

.45 

.50 

.75 

.50 

.45 

.45 

.45 

.75 

.60 

.40 

.45 

.« 

.70 

.60 

....... 

.40 

! 

I 


.bl) 

.60 

.90 

.» 
.7S 


Rating  table  for  Xorth  (of  James)  Rirer  near  Glasgow^  Va.y  from  January  1  to  Decnnhrr 

31,  1904- 


1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discliange. 

Gage 
height. 

1 
Discharge.  \ 

1 

1 

Gage 
height. 

Discharge. 

Fret. 

Secondr/frt. 

Feet. 

.Second-feel. 

Feet. 

Second-feet.  \ 

Feet. 

Sccond-fttt. 

0.35 

125 

1.10 

510 

2.50 

1,810 

3.90 

4,120 

.40 

142 

1.20 

580 

2.60 

1,940  ; 

4.00 

4,320 

.45 

160 

1.30 

650 

2.70 

2,080  1 

4.10 

4.530 

.50 

179 

1.40 

720 

2.80 

2, 220  ' 

4.20 

4,740 

.55 

199 

1.50 

800 

;      2.90 

2,370 

4.30 

4,960 

.60 

220 

1,60 

880 

3.00 

2,520 

4.40 

5,180 

.65 

242 

1.70 

970 

3.10 

2,680 

4.50 

5,410 

.70 

265 

1.80 

1,060 

3.20 

2,840 

4.60 

5,640 

.75 

2<)0 

1.90 

1,150 

3. 30 

3, 010 

4.70 

5,880 

.80 

320 

2.00 

1,240 

3.40 

3,180 

4.80 

6,120 

.85 

350 

1 

2.10 

1,340 

3.50 

3,360 

4.90 

6,370 

.90 

380 

2.20 

1,450 

3.60 

3,540  j 

5.00 

6.620 

.95 

410 

2.30 

1,560 

3.70 

3,  730 

1.00 

440 

2.40 

1,680 

3.80 

1 

3,920 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
6  discliarge  ineasurenients  made  during  1903  and  1904.  It  is  well  define<i  l)etwt^ii 
gage  heights  0.45  feet  and  2.00  feet,  and  from  gage  height  2.00  to  5.00  feet  a  fair 
determination  has  been  computed. 
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£gtimated  monthly  discharge  of  North  {of  James)  River  near  Glasgow,  Va.,  for  1904. 

[Drainage  area,  881  square  miles.] 


Montb. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

Oetol^r 

November 

December 

The  year 


Discharge  in  second-feet. 

Kuu-€ 

Second-feet 

per  square 

mile. 

»ff. 

Maximum. 

Minimum. 

Mean. 

Depth  in 
inches. 

3,920 

179 

646 

0.777 

0.896 

14, 310 

380 

2,555 

3.07 

3.31 

6,370 

685 

1,218 

1.47 

1.69 

3,360 

410 

890 

1.07 

1.19 

6,370 

615 

1,175 

1.41 

1.63 

3,270 

440 

974 

1.17 

1.31 

1,105 

242 

404 

.486 

.560 

1,240 

179 

370 

.445 

.513 

320 

125 

170 

.205 

.229 

179 

125 

158 

.190 

.219 

265 

142 

183 

.220 

.245 

380 

142 

222 

.267 

.308 

14, 310 

125 

747 

.898 

12.10 

APPOMATTOX   RIVER  AT  MATTOAX,   VA. 

This  station  was  established  August  27,  1900,  by  E.  W.  Myers.  It 
is  located  on  the  two-span  deck  railroad  bridge  at  Mattoax  station,  27 
miles  southeast  of  Richmond,  on  the  road  to  Danville.  It  is  equipped 
with  a  standard  chain  gage,  which  is  attac^hed  to  the  outside  of  the 
guard  rail  of  the  first  span  from  the  right  liank.  The  length  of  the 
chain  from  the  end  of  the  weight  to  the  marker  is  48.82  feet.  A  per- 
manent bench  mark,  consisting  of  a  United  States  Geological  Survey 
standard  iron  post,  was  established  August  29,  1903,  by  B.  S.  Drane. 
This  post  is  set  at  the  northwest  corner  of  the  Mattoax  passenger  sta- 
tion, with  an  elevation  of  48.68  feet  above  gage  datum.  Bench  mark 
No.  2  is  on  the  outer  upstream  edge  of  the  top  of  the  upper  chord  of 
the  upstream  truss,  opposite  the  2-foot  mark  on  the  gage  scale.  Its 
elevation  is  46.60  feet  above  gage  datum.  Discharge  measurements 
are  made  from  the  downstream  side  of  the  railroad  bridge  to  which  the 
gage  is  attached.  The  initial  point  for  soundings  is  the  end  of  the 
downstream  guard  rail  at  the  right  bank.  Distances  along  this  rail 
are  indicated  by  white  paint.  The  channel  is  straight  for  400  feet 
above  and  for  100  feet  below  the  station.  The  current  is  moderately 
swift.  The  right  bank  is  high  and  is  not  subject  to  overflow.  The 
left  bank  is  high,  but  overflows  beneath  the  second  span  of  the  bridge 
at  high  water.     The  bed  of  the  stream  is  composed  of  rock  and  sand, 
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and  is  clean  and  permanent.  There  is  but  one  channel  at  all  stagers 
broken  at  extreme  flood  stages  by  the  central  pier  of  the  bridge.  The 
sand  bottom  beneath  the  second  span  is  subject  to  change  in  hi^h  water. 
The  gage  is  read  once  each  day  by  J.  C.  Carter. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 


Discharge  measurements  of  Appomattox  River  at  Mattoax,  Fa.,  in  1904. 


Date. 

Hydrographer. 

Width. 

Area  of 
f<ev;tion. 

Mean 
velocity. 

Gage 
height. 

Disehazi^. 

June  24 

August  4 

October  4 

October  22. 

R.  H.  Bolster 

N.  C.  Grover 

R.  H.  Bolster 

J.  C.  Hovt 

Feet. 
66 

70 

69 

68 

Sq./eet. 
150 

209 

121 

183 

Ft.  per  sec. 
1.37 
1.40 
1.39 
1.48 

FxL 
1.23 

2.01 

.81 

1.72 

Seroml'f'rt 

270 

Mean  daUy  gage  heightt  in  feety  of  Appomattox  Rirer  ai  MatJUxuc,  Va. ,  for  1904- 


Day. 

Jan. 

2.70 
2.50 
2.50 
2.45 

1 

2 

8 

4 

6 

1  65 

6 

1.20 
1.92 

7 

8 

2.75 

9 

2.60 
2.10 
2.05 
2.30 
3.15 
2.35 
2.25 
2.25 
2.50 
2.20 
1.85 
1.50 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

1.85 

22 

3.05 

28 

3.50 

24 

4.50 

25 

3.80 
3.50 

26 

27 

8.20 

28 

3.10 
3.00 
1.60 
1.65 

29 

80 

81 

Feb. 

3.50 
3.65 
2.76 
2.70 
2.50 
3.10 
6.25 
9.00 
7.00 
6.40 
4.50 
3.10 
2.70 
2.60 
2.50 
2.75 
4.46 
3.50 
2.40 
3.50 
5.50 
8.80 
11.75 
12.60 
12.85 
8.00 
4.60 
3.85 
4.15 


Mar.  I  Apr.     May.  I  June. 


4.55 
4.25 
3.65 
3.60 
3.35 
3.10 
4.90 
9.75 
11.70 
12.60 
11.20 
4.60 
4.20 
3.65 
4.10 
3. 75 
3.60 
3.65 
3.50 
8.45 
3.15 
3.55 
3.65 
3.45 
3.45 
3.40 
4.25 
4  90 
4.25 
3.60 
3. 85 


\ 


8.76 
3.40 
3.10 
2.75 
2.65 
2.55 
2.70 
8.60 
3.56 
3.10 
2.95 
2.65 
2.45 
2.30 
2.25 
2.30 
2.35 
2.25 
2.10 
2.10 
2.05 
2.00 
2,0  J 
1.95 
2.00 
2.00 
2.95 
9.00 
8.40 
4.45 


3.50* 

3.00 

2.70 

2.50 

2.36 

2.25 

2.26 

3.50 

5.35 

4.00 

5.75 

4.20 

3.05 

2. -25 

3.05 

6.10 

3.76 

3.20 

6.10 

7.00 

4.30 

3.25 

2.30 

2.45 

2.20 

2.00 

1.86 

1.75 

1.65 

1.65 

1.50 


1.70 
4.45 
9.05 
10.30 
5.60 
3.20 
2.50 
2.25 
2.06 
1.95 
1.75 
1.90 
1.70 
1.50 
1.40 
1.35 
1.40 
1.80 
1.40 
1.25 
1.16 
1.15 
1.20 
1.25 
1.05 
.95 
.90 
8.95 
4.25 
3.00 


July.  '  Aug.     Sept.     0<»t,      Not.     D^h 


1.60 

1.40 

1.85 

1.20 

.90 

.80 

.80 

.75 

.90 

1.15 

1.30 

1.06 

1.02 

1.10 

1.16 

.86 

.80 

.85 

.96 

.60 

.&5 

1.10 

.80 

2.00 

4.80 

3.76 

2.50 

2.66 

1.80 

2.00 

1.60 


1.16 

1.60 

1.25 

2.90 

1.80 

1.20 

1.20 

.90 

.80 

3.50 

4.80 

4. 60 

2.45 

1.45 

1.10 

1.10 

.95 

1.00 

4.80 

6.70 

1.70 

1.30 

2.70 

1.10 

1.00 

.80 

.80 

.70 

.70 

.80 

.80  ! 


0.75 
1.25 
1.*) 
1.20 

1.35 

1.10 

.90 

.80 

2.00 

2.00 

.95 

.85 

.75 

14.00 

15.25 

15.20 

4.00 

2.15 

1.80 

1.50 

1.36 

1.25 

1.15 

1.15 

1.10 

1.10 

1.05 

1.00 

1.60 


1.15 

1.05 

.90 

.80 

.80 

.83 

.85 

.90 

.85 

.83 

.90 

.90 

.88 

.88 

.82 

.88 

.79 

.88 

.85 

.78 

1.80 

1.82 

1.39 

1.50  1 

I 

1.10  I 
1.05 
1.12  I 
1.15  i 
1.20  , 

1.06 ; 

1.03 


1.02 

1,07 

1.10 

1.12 

1.22 

1.35 

1.42 

1.22 

1.22 

1.18 

1.18 

1.16 

1.60 

3.80 

5.65 

3.20 

2. 35 

2.01 

l.?2 

1.62 

1.63 

1.52 

1.63 

1.62 

L73 

1.47 

1.40 

1.32 

1.33 

1.88 


I 


\.^ 

l.SK 

±^: 

2.  HI 

6  7J 
7.?.' 
h7% 
S.4"» 

2.!H.» 

2- -15 
2.06 
1  4i 
l.^: 
•*  If* 
1   V* 

2-  :*» 

2.-JU 
2.61: 
L¥* 
2.S» 
2.  ♦.' 
1.*^ 

6  il 
6.  rV« 
5.40 

a  45 
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netting  table  for  Appomattox  River  at  MaUoax,  Fa.,  from  Augtist  26 ^  1900,  to  December 

Sly  1904, 


Gagn 

height. 


Fed, 

0.40 

.50 

.60 

.70 

.80 

.90 

1.00 

1.10 

1.20 

1.30 

1.40 

1.50 

1.60 

1.70 

1.80 

1.90 

2.00 

2.10 

2.20 

2.30 

2.40 

2.50 

2.60 


1 

Discharge. 

1 

Gage 
height 

1 
Discharge. 

Gage 
height 

Discharge. 

Gage 
height. 

Discharge. 

1 

Second-J&t. 

ftet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

140 

2.70 

496 

6.00 

1,490 

10.60 

3,624 

150 

2.80 

519 

6.20 

1,576 

10.80 

3,722 

160 

;     2.90 

542 

6.40 

1,662 

11.00 

3,820 

170 

3.00 

565 

6.60 

1,748 

11.50 

4,065 

180 

3.10 

590 

6.80 

1,834 

12.00 

4,310 

190 

3.20 

615 

7.00 

1,920 

12.50 

4,555 

200 

3.30 

640 

7.20 

2,012 

13.00 

4,805 

212 

3.40 

665 

7.40 

2,104 

13.50 

5,055 

224 

3.50 

690 

7.60 

2,196 

14.00 

5,315 

237 

3.60 

715 

7.80 

2,288 

14.50 

5,575 

251     1 

3.70 

740 

8.00 

2,380 

15.00 

5,845 

265 

3.80 

765 

8.20 

2,474 

15.50 

6,115 

282    ' 

3.90 

790 

8.40 

2,568 

16.00 

6,395    ' 

299 

4.00 

815 

8.60 

2,662 

17.00 

6,965 

316 

4.20 

875 

8.80 

2,756 

18.00 

7,555 

333 

4.40 

935 

9.00 

2,850 

19.00 

8,170 

350 

4.60 

995 

9.20 

2,946 

20.00 

8,815 

370 

4.80 

1,065 

9.40 

3,042 

21.00 

9,490 

390 

5.00 

1,135 

9.60 

3,138 

22.00 

10,200 

410 

5.20 

1,205 

9.80 

3,234 

23.00 

10,930 

430 

5.40 

1,275 

10.00 

3,330 

24.00 

11,700 

450 

5.60 

1,345 

10.20 

3,428 

473 

5.80 

1,415 

10.40 

3,526 

The  above  table  is  applicable  only  for  open-channel  conditions. 
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STREAM  MEASUBEMENTS   IN    1904,  PABT   III. 


[NO.  1^1 


EUimated  monthly  ducharge  of  AjypovnaUox  River  at  MaUoax,  Va.,  for  1904- 

[Drainage  area,  745  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run-off. 


Maximum. 


January |  965 

February '  4, 730 

March i  4,605 

April 2,850 

May 1,920 

June 3, 477 

July 1,065 

August 1 ,  380 

September 5, 980 

October j  319 

November 1, 362 

December 2, 251 

The  year !  5,980 


Minimum. 


224 
430 
590 
342 
265 
190 
160 


Mean. 


Second-feet 

per  square 

mile. 


465 

1,369  ; 

1,192 
639 
665 
584 
283 


0.624 
1.84 
1.60 
.858 
.893 
.784 
.380 


I 


170 

368 

.494 

175 

806 

1.08 

178 

206 

.277 

202 

325 

.436 

248 

732 

.983 

160 

636 

1 

.854 

1 

I>e|>tbin 
inrbesi. 


0.719 
1.98 
1.84 
.957 
1.03 

.43S 
.570 
1.20 
.319 

.487 
1.13 

11.54.=i 


ROANOKB  RIVER  DRAINAGE  BASIN, 

Roanoke  River  proper  is  formed  by  the  confluence  of  Dan  and 
Staunton  rivers  at  Clarksville,  Mecklenburg  County,  Va.,  185  miles 
above  the  mouth  of  the  stream,  though  the  name  "Roanoke"  is  also 
applied  to  the  upper  waters  of  Staunton  River.  These  streams  drain, 
respectively,  3,798  and  3,546  square  miles.  Staunton  River  is  the 
more  northerly  of  the  two,  its  drainage  basin  lying  entirely  in  Vir- 
ginia. It  rises  among  the  eastern  foothills  of  the  Blue  Ridge  south- 
west of  Roanoke  and  Salem,  being  known  in  this  part  of  its  course  a*^ 
the  Roanoke,  and  flows  at  first  northeast,  then  southeast  through 
Montgomery,  Roanoke,  Bedford,  Campbell,  Halifax,  and  Mecklenburg 
counties  to  the  junction  with  the  Dan. 

A  large  part  of  the  area  drained  by  the  Dan  lies  in  North  Carolina. 
The  stream  rises  in  Surry  County,  N.  C,  and  in  Patrick  County,  Va.. 
and  flows  at  first  southeast  through  Stokes  County,  N.  C,  then  north- 
east through  Rockingham  and  Caswell  counties,  N.  C,  and  through 
Pittsylvania,  Halifax,  and  Mecklenburg  counties,  Va.,  to  the  junction 
with  the  Staunton. 

Roanoke  River  drains  a  total  area  of  about  9,200  square  miles  and 
empties  into  Albemarle  Sound  a  short  distance  below  Plymouth,  N.  C. 


^*^HOYT^^]  ROANOKE   RIVER   DRAINAGE   BASIN.  95 

It  is  navigable  at  all  stages  for  120  miles  to  Weldon,  N.  C,  where  the 
river  crosses  the  fall  line. 

The  rainfall  on  the  basin  above  the  fall  line  is  about  48  inches  per 
annum  and  is  evenly  distributed  throughout  the  year.  The  average 
amount  probably  increases  slightly  as  the  stream  is  ascended,  though 
the  records  of  rainfall  over  the  basin  are  too  incomplete  to  decide  this 
matter.  The  slopes  in  the  headwaters  and  in  the  upper  tributaries  are 
steep,  freshets  on  the  river  are  violent,  and  the  fluctuations  of  height 
occur  with  great  rapidit3\  Rises  of  50  feet  and  over  have  been  noted 
at  Weldon,  and  freshets  in  which  the  rate  of  rise  is  10  feet  a  day  or 
more  are  frequent. 

The  United  States  Weather  Bureau  maintains  gages  on  Roanoke 
River  at  Clarksville,  Va.,  and  Weldon,  N.  C,  and  on  Dan  River  at 
Danville,  Va.  Gaging  stations  were  maintained  by  the  United  States 
Geological  Survey  during  1904  as  follows:  Roanoke  (upper  portion  of 
Staunton)  at  Roanoke,  Va. ;  Staunton  at  Randolph,  Va. ;  Banister  at 
Houston,  Va.;  Dan  at  South  Boston,  Va.;  Dan  at  Madison,  N.  C,  and 
Mayo  at  Madison,  N.  C. 

ROANOKE   RIVER  AT   ROANOKE,  VA. 

This  station  was  established  July  10,  1896,  by  D.  C.  Humphreys. 
The  original  gage  of  the  wire  type  was  replaced  November  28,  1903, 
by  a  standard  chain  gage  installed  by  W.  C.  Sawyer.  The  datum  is 
the  same  as  that  of  the  gage  which  it  replaced.  The  length  of  the 
chain  from  the  end  of  the  weight  to  the  marker  is  27.50  feet.  Bench 
mark  No.  1  is  the  downstream  upper  edge  of  the  second  floor  beam 
from  the  left  abutment.  Its  elevation  is  21.98  feet  above  gage  datum. 
Bench  mark  No.  2  is  a  standard  copper  bolt  set  in  the  face  of  the 
lower  wing  wall  of  the  left  abutment,  about  4  feet  above  the  ground. 
Its  elevation  is  19.70  feet  above  gage  datum.  Discharge  measurements 
were  made  from  the  Walnut  Street  Bridge,  at  which  the  gage  is 
located,  up  to  July  21,  1903.  Since  that  time  they  have  been  made 
from  the  Jefferson  Street  Bridge,  at  which  the  section  is  more  suitable. 
The  initial  point  for  soundings  is  the  left  end  of  the  downstream  hand 
rail.  The  channel  is  nearly  straight  and  has  a  width  of  160  feet 
between  abutments,  broken  by  one  pier.  The  current  is  rapid.  The 
bed  of  the  stream  is  composed  of  coarse  gravel  and  small  bowlders. 
The  right  bank  is  above  high  water,  but  the  left  is  liable  to  overflow 
at  extreme  flood  stages.  The  gage  is  read  once  daily  by  Richard  P. 
Royer. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 
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STREAM   MEASUREMENTS    IK    1904,  PART   III. 
Discharge  measurements  of  Roanoke  River  at  Roanoke,  t  a.,  in  1904. 


[HQ.iaa. 


Dftte. 


Jane 20 

August  8 

September  16 
September  29 
October  18... 


Hydrographer. 


F.  H.  Brundage. 

N.  C.  Grover 

R.H.  Bolster  .. 

do 

do 


Width. 


Feet. 
Ill 
113 
108 
106 
105 


Area  of 
section. 


iS7.  Jeet. 
269 
345 
214 
186 
170 


Mean 
velocity. 


Ft.  per  sec. 

1.09 

1.37 

.59 

.49 

.44 


hei^t.  '    W«»»«^ 


FeeL 

1.32 

1.67 

.80 

.68 

.63 


Seoond-Jrrt. 

473 


Afean  daily  gage  heiglii^  infeet,  of  Roanoke  River  at  Roanoke ,  la.,  /or  1904. 


Day. 

Jan. 

0.95 
.90 
.80 
.80 
1.05 
.65 
.80 
.80 
.80 
.80 
.90 
.90 
.80 
.80 
.30 
.85 
.85 
.60 
1.85 
.60 
.80 
.85 
1.46 
1.25 
1.06 
1.05 
.90 
.85" 
.96 
.85 
.75 

Feb. 

Mar. 

1.76 
1.80 
1.65 
1.56 
.1.45 
1.35 
2.66 
2.76 
2.06 
1.80 
1.66 
1.45 
1.46 
1.40 
1.40 
1.80 
1.25 
1.20 
1.20 
1.16 
1.15 
1.10 
1.10 
1.26 
1.26 
1.26 
1.25 
1.25 
1.20 
1.15 
1.15 

Apr. 

May. 

June. 

2.46 
3.26 
1.96 
1.45 
1.65 
1.36 
1.25 
1.36 
1.16 
2.05 
1.55 
1.76 
1.46 
1.35 
1.20 
1.30 
1.56 
1.45 
1.26 
1.40 
1.60 
1.40 
1.20 
1.10 
1.00 
1.00 
1.40 
1.40 
1.20 
1.20 

July. 

Aug. 

1 

0.75 

.76 

.80 

.95 

.70 

.95 

1.16 

1.80 

1.40 

1.26 

1.10 

1.10 

1.05 

1.10 

.95 

.85 

1.05 

.90 

.95 

1.10 

.95 

1.10 

1.80 

1.50 

1.30 

1.25 

1.15 

1.10 

1.36 

1.16 

1.10 

1.05 

1.06 

1.05 

1.00 

1.00 

1.10 

1.15 

1.15 

1.10 

1.25 

1.20 

1.10 

1.15 

1.06 

1.05 

.96 

1.05 

1.05 

.90 

.85 

1.05 

.75 

.85 

.95 

.96 

1.45 

1.15 

1.16 

1.06 
1.05 
1.05 
1.0) 
1.06 
1.10 
1.10 
1.20 
1.20 
1.80 
1.25 
1.16 
1.10 
1.06 
1.16 
1.10 
1.06 
1.10 
2.36 
1.96 
1.66 
1.45 
1.36 
1.26 
1.26 
1.55 
1.86 
1.26 
1.06 
1.05 
1.66 

^.10 

1.60 

1.20 

1.00 

1.10 

1.00 

1.00 

1.00 

.95 

1.60 

1.20 

1.10 

.96 

.90 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

1.00 

1.20 

.96 

1.70 

1.80 

2.76 

1.50 

1.30 

1.20 

1.60 

2 

1.70 

3 

1.40 

4 

1.60 

5 

1.60 

6 

2.60 

7 

1.65 

8 

1.70 

9 

2.00 

10 

11 

3.00 
3.60 

12 

2.40 

13 

1.60 

14 

1.40 

16 

1.40 

16 

1.40 

17 

1.15 

18 

1.16 

19 

1.10 

20 

1.16 

21 

1.00 

22 

23 

1.00 
1.00 

24 

.96 

26 

.96 

26 

.90 

27 

.90 

28 

.85 

29 

.90 

80 

.86 

81 

.85 

Sept. 


0.85 
1.20 
1.30 
.95 
.^ 
.90 
.85 
.80 
.80 
.80 
.75 
.80 
.80 
.80 
.90 
.85 
.75 
.75 
.76 
.75 
.76 
.76 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 


Oct. 

0.66 
.65 
.60 
.60 
.65 

.eo 

.60 
.66 
.65 
.65 
.65 
.65 
.65 
.66 
.60 
.65 
.66 
.66 
.65 
.65 
.66 
.65 
.65 
.65 
.65 
.65 
.66 
.70 
.66 
.65 
.65 


Nov.     I»^-. 


0.66 

.65; 

.65 

.65 

.75 

.70 

.75 

.75; 

.75  . 

.70 

.70  ' 

.70 

.75 

.90 

.85 

.75  , 

.80 

.80 

.75 

.75 

.76 

.75 

.76 

.75 

.75 

.70, 

.70 

.70 

.70, 
.70 


0.79 

.:? 

.7?» 

..^ 

.V 

1.00 

1.1(1 

.90 

."'> 
.70 
.71' 
.7t' 
.71 
.7v 
.7-3 
.7?> 
.7U 

.NT 

.  «vs 

.70 
.Tv 

.» 

.W 
.79 


GROVRR   AND"! 
H«YT.  J 


ROANOKE   RIVER   DRAINAGE    BASIN. 
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RcUlng  table  for  Roaiwk*'  River  (U  Roimoke,  Ta.,  from  Janmiry  1  to  Dectmber  ,flj  1904. 


Gage 
height. 

Discharge. 

Gage 
height. 

Di-Hchargc. 
ikcond-Jcet. 

1     Gage 
height. 

Feet. 

Discharge.  ' 
tkcomi-Jeet. 

Gage 

height. 

Feet. 

Discharge. 

} 

1 

Afecf. 

Second-feii. 

Fctt. 

Sectmd-fcrt.  [ 

0.30 

43 

0.95 

167 

2.20 

850     ' 

4.00 

2, 905     ! 

.35 

47     , 

1.00 

181 

2.30 

940 

4.20 

3, 175 

.40 

52 

1.10 

212 

2.40 

1,030     j 

4.40 

3,445 

.45 

58 

1.20 

247 

2.50 

1,130 

,     4.60 

3,715 

.50 

65 

1.30 

286 

2.60 

1,230 

4.80 

3, 985 

.55 

73 

1.40 

330 

2.70 

1,330     ' 

5.00 

4,255 

.60 

82 

1.50 

380 

2.80 

1,435 

5.20 

4,525 

.65 

92 

1.60 

430 

'     2.90 

1,545     ' 

5.40 

4, 795 

.70 

103 

1 

1.70 

490 

3.00 

1,660    ; 

5.60 

5,065 

.76 

115    ' 

1.80 

550 

3.20 

1,900 

5.80 

5, 335 

.80 

127 

1.90 

620 

3.40 

2, 140 

6.00 

5, 605 

.85 

140 

2.00 

690 

3.60 

2,390 

7.00 

6,955 

.90 

153 

2.10 

770 

3.80 

2,645 

8.00 

1 

8,305 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  liasea  upon 
discharge  nieaaiirenienta  made  during  1896  to  1904.  It  is  well  defined  between  gage 
heights  0.60  feet  and  7  feet.  The  table  has  been  extendtnl  beyond  these  liniiti*, 
AlK)ve  gage  height  4  feet  the  rating  curve  is  a  tangent,  the  difference  being  135  per 
tenth. 

Estimated  monthly  diacharge  ofjiottiwke  River  cU  Rotmoke,  Va.j  for  1904. 

[Drainage  area,  'SHS  square  miles.] 


Month. 


January . . . 
February . . 

March 

April 

May 

June 

July 

August . . . 
September 
October  .. 
November , 
Deceml)er  . 


The  year 


Discharge  in  seconc 

l-feet. 
Mean. 

Run-< 

Second-feet 

I)er  .snuare 

mile. 

)ff. 

1 
Maximum. 

Minimum. 

Depth  in 
inches. 

!             355 

43 

150 

0. 387 

0.446 

550 

103 

22^) 

.5»0 

.  636 

1,380 

212 

395 

1.02 

1.18 

:«5 

115 

202 

.521 

.581 

985 

196 

292 

.753 

.868 

1,960 

181 

417 

1.07 

1.  19 

1,380 

103 

264 

.680 

.784 

2,390 

140 

453 

1.17 

1.35 

286 

103 

13;^ 

.343 

.  383 

103 

82 

91 

.  235 

.271 

,             153 

92 

111 

.286 

.  319 

181 

1 . 

92 

118 

.304 

.  350 

2,390 

43 

238 

.613 

8.  358 

IRB  126—05- 
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STREAM    MEASUREMENTS    IN    1904,   PART    III. 


[so.  liK. 


STAUNTON   RIVER  AT   RANDOLPH,  VA. 

This  station  wa.s  originally  established  August  27,  190(),  by  E.  W. 
Myers,  and  is  located  on  the  railroad  bridge  about  five-eighths  of  a 
mile  southwest  of  the  Southern   Railway  station  at   KMndolph,  Va. 
The  present  gage  was  installed  by  B.  S.  Drane,  May  20, 1903.     It  i>  a 
standard  chain  gage,  and  occupies  practicall}'  the  same  position  as  tbe 
wire  gage  which  it  replaced.     It  is  attached  to  the  upstream  guard  rail 
in  the  middle  of  the  second  span  from  the  left  bank.     The  datum  i> 
the  same  as  that  of  the  original  gage.     The  length  of  the  chain  from 
the  end  of  the  weight  to  the  marker  is  43.13  feet.     Bench  mark  No.  1 
is  the  top  of  the  floor  beam  nearest  the  zero  of  the  gage  scale,  at  a 
point  0.2  foot  downstream  from  the  adjacent  tie.     Its  elevation  is  42.H1 
feet  above  the  gage  datum.     Bench  mark  No.  2  is  a  copper  bolt  set  in 
the  capstone  on  the  downstream  side  of  the  left  abutment,  about  3  feet 
from  the  end  of  the  ties.     Its  elevation  is  37.01  feet  above  gage  datum. 
Discharge  measurements  are  made  from  the  bridge  to  which  the  ga^ 
is  attached.     The  current  is  moderately  rapid  and  has  a  well -distributed 
velocity.     The  channel  is  straight  for  a  considerable  distance  above 
and  below  the  station,  and  has  a  width  at  ordinary  stages  of  above  4ih) 
feet,  broken  by  one  bridge  pier.     The  bed  is  composed  mainly  of  timi 
material,  and  is  permanent.     The  bridge  makes  a  small  angle  with  the 
normal  to  the  direction  of  the  current.     The  gage  is  read  once  daily 
by  J.  E.  Figg,  the  station  agent. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  h3'^drographer. 

Discharge,  jneasurements  of  Staunton  River  at  Randolph^  T'o.,  in  J 904. 


Date. 


Hydrographcr. 


June  22 i  F.  H.  Brundage 

September  27  . .    R.  H.  Bolster. 
October  22 do 


width. 

Feet. 

233 
.  220 

224 


Area  of 
section. 

Mean 
velocity. 

GaKe      ' 
height. 

Sq.fecL 

n.  pfv  sec. 

f^et. 

865 

2.37 

4.47 

468 

1.68 

2.70 

517 

1.59 

2.92 

Disrhaifse. 


Sreond-frtt. 
2,049 

7sr 

82i 


^fean  daily  gage  height,  infeet,  of  Staunton  Rirer  at  Randolph,  Va.,for  1904' 


Day, 


Jan. 


1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 


4.5 
4.6 
4.5 
4.4 
4.5 
4.6 
4.4 
4.2 
4.0 


Feb. 

8.9 
4.2 
4.4 
4.H 
5.2 
7.1 
7.4 
7.2 
6.9 


I 


Mar. 

Apr. 
4.5 

May. 
4.9 

June. 

5.4 

11.8 

6.2 

4.4 

5.1 

12. 2 

5.0 

4.3 

5.0 

8.6 

6.1 

4.4 

5.2 

6.9 

5.2 

4.5 

5.1 

5.6 

5.0 

4.6 

5.1 

6.4 

5.4 

4.5 

5.4 

5.2 

5.6 

4.4 

5.6 

5.1 

5.9 

4.3 

5.8 

4.9 

July.    Aug.  '  Sept. 


6,2 
5.8 
5.6 
5.4 
4.2 
4.3 
8.9 
3.6 
3.6 


6.9 

4.6 

6.0 

4.8 

,      6.2 

4.9 

>      6.4 

4.7 

7.9 

4.5 

8.2 

4.6 

6.8' 

4.4 

6.6 

4.2 

6.6 

3.9 

Oct. 

2.7 
2.8 
2.9 
3.0 
2.9 
8.1 
2.9 
2.8 
2.7 


Nov.     Ihv 


2.9 
2.8 
2." 
2.8 
2.9 
3.0 
3.1 
3.0 
S.2 


s.: 

S.9 
J.s 
3.7 

rv9 

1.2 


O  ROVER  AND^I 
HOYT.        J 


BOANOKE   RIVER   DRAINAGE   BASIN. 
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Main  daily  gage  height,  in  feet,  of  Staunton  River  at  Randolph,  Va. ,  for  1904 — Continued. 


Day. 


10. 
11. 
12. 
18. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Jan.      Feb. 


4.1 
4.8 
4.6 
4.4 
4.7 
4.8 
4.9 
4.6 
4.4 
4.2 
8.8 
4.2 
4.8 
6.3 
6.4 
6.2 
4.9 
4.6 
4.8 
4.0 
8.9 
3.8 


6.6 
6.2 
6.6 
6.1 
4.6 
4.8 
6.1 
6.8 
6.1 
6.8 
7.4 
8.2 
10.4 
9.6 
8.2 
6.8 
6.2 
5.8 
6.4 
6.8 


Mar.     Apr. 


t 


6.1 
6.2 
6.4 
6.2 
6.9 
6.7 
5.6 
6.6 
6.2 
6.0 
4.8 
6.0 
6.8 
6.6 
5.4 
5.1 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 


4.4 
4.4 

4.6 
4.4 
4.6 
4.7 
4.8 
4.6 
4.4 
4.8 
4.1 
4.0 
8.9 
8.8 
8.9 
8.8 
5.9 
7.1 
6.9 
5.7 
4.8 


May. 

6.0 

6.2 

6.8 

5.4 

4.9 

4.8 

6.7 

6.9 

8.4 

7.2  j 

6.6  ' 

5.6  ! 

6.4 

5.6 

6.8 

4.9 

4.6 

4.4 

4.2 

4.0 

8.8 

6.9 


I 


June. 

July. 

6.0 

8.6 

4.8 

8.4 

4.9 

8.5 

5.2 

8.6 

4.7 

8.7 

4.9 

3.8 

6.1 

8.6 

5.3 

3.5 

5.0 

8.3 

6.1 

8.1 

6.3 

8.2 

6.6 

8.0 

6.2 

2.8 

6.2 

2.7 

5.4 

3.3 

6.8 

3.9 

5.5 

5.8 

6.7 

7.6 

5.8 

8.1 

6.7 

7.2 

6.4 

6.7 

6.8 

1 

Aug. 

9.4 
9.2 
6.6 
4.6 
4.2 
3.9 
8.6 
3.5 
3.7 
3.9 
4.1 
4.2 
4.4 
4.8 
4.5 
4.6 
4.8 
4.5 
4.7 
4.9 
6.2 
.5.1 


Sept 


4.0 
4.1 
4.6 
5.8 
6.4 
6.1 
5.4 
4.2 
4.1 
8.8 
3.6 
8.7 
3.4 
3.1 
8.0 
2.8 
2.9 
2.7 
2.9 
2.8 
2.8 


2.9 
2.8 
2.7 
2.6 
2.7 
2.6 
2,7 
2.6 
2.6 
2.6 
2.7 
8.4 
2.9 
2.8 
2.7 
2.7 
2.8 
2.9 
2.8 
2.7 
2.8 
2.7 


Nov.  '  Dec. 


8.6 

4.1 

8.9 

4.2 

4.3 

4.4 

4.9 

4.8 

4.7 

4.6 

4.6 

4.6 

4.8 

4.4 

3.7 

4.2 

8.8 

4.1 

8.1 

3.8 

8.2 

8.7 

8.3 

8.9 

3.2 

4.8 

3.1 

4.8 

2.9 

6.2 

3.0 

5.1 

8.1 

4.9 

3.0 

4.7 

8.2 

4.5 

8.1 

4.2 

8.8 

4.8 

8.9 

Rating  table  for  Staunton  River  at  Randolph,  Va,,  from  January  1  to  December  SI,  1904* 


Gage 
height. 

F^eeL 

DiHcharge. 
SeeoHd'/eet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

hei^t. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Secondrfeet. 

2.50 

590 

3.90 

1,620 

5.30 

2,775 

7.40 

4,720 

2.60 

655 

4.00 

1,700 

5.40 

2,860 

7.60 

4,920 

2.70 

725 

4.10 

1,780 

5.50 

2,950 

7.80 

5,120 

2.80 

796 

4.20 

1,860 

5.60 

3,040 

8.00 

5,320 

2.00 

865 

4.30 

1,940 

5.70 

3,130 

8.50 

5,820 

3.00 

935 

4.40 

2,020 

5.80 

3,220 

9.00 

6,340 

3.10 

1,005 

4.50 

2,100 

5.90 

3,310 

9.50 

6,865 

3.20 

1,080 

4.60 

2,180 

6.00 

3,400 

10.00 

7,390 

3.30 

l,r56 

4.70 

2,265 

6.20 

3,580 

10.50 

7,915 

3.40 

1,230 

4.80 

2,350 

6.40 

3,770 

11.00 

8,440 

3.50 

1,305 

4.90 

2,435 

6.60 

3,960 

11.50 

8,980 

3.60 

1,380 

5.00 

2,520 

6.8Q 

4,150 

12.00 

9,530 

3.70 

1,460 

5.10 

2,605 

7.00 

4,340 

3.80 

I 

1,540 

5.20 

2,690 

1     7.20 

4,530 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
14  discharge  measarements  made  during  1902  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  2.70  feet  and  4.60  feet.  The  table  has  been  extended  l)eyond 
thesa  limits.  Above  gage  height  4.60  feet  the  rating  curve  is  probably  accurate  to 
within  10  per  cent. 
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Estimated  monthly  discharge  of  i^unton  River  at  Randolph,  Va.,for  1904- 

[Drainage  area,  3,076  square  mile8.] 


Month. 


January  

February 

March 

April 

May * . 

June 

July 

August 

September 

October 

November 

December 

The  year 


Diseharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 
1,540 

Mean. 

Second-feet 

per  raoare 

mile. 

Deptli  \v. 
iDche> 

2,860 

2,087 

0.678 

0.  7S-J 

7,810 

1,620 

3,667 

1.19 

1.2S 

3,770 

2,020 

2,787 

.906 

1.04 

4,435 

1,540 

2,224 

.723 

.807 

5,720 

1,540 

2, 939 

.955 

1.10 

9,750 

2,265 

3,397 

1.10 

L23 

5,420 

725 

2,117 

.688 

.  79:] 

6,760 

1,305 

2,899 

.942 

1.  m 

3,770 

725 

1,801 

.586 

.6:>4 

1,230 

590 

787 

.256 

.2^^'^ 

2,41^5 

725 

889 

.289 

2,690 

1,230 
590 

1,881 
2,290 

.612 

.7tM) 

9,750 

.744 

10.  in 

DAN   RIVER   AT   MADISON,  N.  C. 

This  station  was  established  May  14,  1903,  bv  E.  W.  Mvers.  It  is 
located  at  the  Southern  Railway  bridge  about  one-fourth  mile  from 
Madison  and  one-half  mile  above  the  mouth  of  Mayo  River.  The 
standard  chain  gage  is  located  on  the  upstream  side  of  the  bridge  in 
the  sixth  panel  of  the  first  span  from  the  left  end.  The  length  of  tho 
chain  from  the  end  of  the  weight  to  the  marker  is  35.24  feet.  Bench 
mark  No.  1  is  the  edge  of  the  top  of  a  large  wire  nail  driven  flush 
into  the  top  corner  of  the  wooden  floor  beam  l>eneath  the  gage  box 
on  the  upstream  side  of  the  bridge.  The  point  is  indicated  by  the 
letters  ''  B.  M."  in  white  paint.  When  the  gage  reads  zero,  the  water 
surface  is  34:.  10  feet  below  this  bench  mark.  Ben(^h  mark  No.  2  is  a 
standard  iron  bench-mark  post  set  in  cleared  level  ground  on  the  left 
or  south  side  of  the  railway  track.  It  is  77  feet  west  of  the  initial 
point  for  soundings,  and  9  feet  south  of  the  south  rail  of  the  track. 
Its  elevation  above  the  water  surface  when  the  gage  reads  zero  i^ 
36.21  feet.  Discharge  measurements  are  niade  from  the  upstream  >ide 
of  the  covered  wooden  two-span  railway  bridge  and  its  wcxxlen  ap- 
proaches. The  initial  point  for  soundings  is  the  end  of  the  guard  mil 
of  the  trestle  over  the  left  bank.  Distances  aix?  measured  along  th*' 
upstream  guard  rail  and  are  marked  with  white  paint.  Above  tho 
station  the  channel  is  straight  for  about  600  feet  and  the  velocity  of 
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the  current  is  good.  About  300  feet  below  the  station  the  channel 
iimkes  an  abrupt  turn.  The  right  bank  is  low  and  overflows.  There 
is  a  long  trestle  approach  to  the  bridge  on  this  side,  and  all  water 
passes  beneath  the  bridge  and  approaches.  The  left  bank  is  low  and 
overflows. 

There  is  a  small  stream  entering  from  this  side.  The  bed  of  the 
stream  is  sandy  and  probably  permanent.  There  is  but  one  channel 
at  all  stages.     The  gage  is  read  once  each  da}'  by  B.  F.  Reynolds. 

The  o!)servations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrograper. 

DUcharge  meamireinenis  of  D(in  River  at  ^f<^d^sonf  N.  C,  in  1904> 


Date. 


Hydnxg^raphor. 


B.  S.  Drane. 


January  23  . . . 

March  10 ' do 

Do do 

April  15 do 

April  16 do 

June  6 do 

Do do 

June  7 do 

Snptember  2(5 do 

S«»pteniber  27 do 

l)eceml>er  19 do 

I)ecera))er  20 do 


Width. 


Area  of   \     Mean 
section.  ,  velocity, 


hight.  ,  Dl-ehanse. 


\ci. 

iki.feet. 

Ft.  per  9er. 

Feet. 

Second-feet. 

151 

405 

1.90 

2.18 

772 

151 

321 

1.97 

1.80 

631 

151 

318 

1.96 

1.79 

623 

149 

224 

1.83 

1.06 

411 

149 

224 

1.84 

1.09 

412 

150 

196 

1.81 

.90 

356 

150 

198 

1.82 

.90 

361 

152 

344 

1.98 

1.90 

682 

148 

159 

1.59 

.50 

254 

148 

159 

1.59 

.52 

254 

148 

150 

1.85 

.58 

278 

148 

159 

1.98 

.65 

314 

Mean  daily  gage  height ^  in  feet,  of  Dan  River  at  Madison^  N.  C.jfor  1904* 


Day. 


1. 
2. 
3. 
4. 


Jan. 

0.90 
.9.') 

1.00 
.60 


.'i. 


G. 

s. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
Ih 


.V) 


1.00 

1.00 

.85 

.90 

1.10 

1.00 

1.10 

1.00 

.75 

.70 

.90 

.75 


Peb. 

Mar. 

1.00 

1.50 

..V> 

1.50 

.95 

1.45 

.80 

1.40 

.80 

1.35 

1.35 

1.20 

l.GO 

1.40 

Apr.     May. 


4.05 
2.35 
1.60 
1.20 
1.20 
1.10 
1.25 
1.30 
1.20 
.80 
.90 


4.80 
2. 45 
1.90 
1.70 
1.55 
1.40 
1.45 
1.60 
1.35 
1.10 
1.25 


1.C5 

1.55 

1.40 

1.30 

1.25 

1.20  , 

1.40  ' 

1.60  I 

1.50 

1.60 

1.30 

l.*25 

1.10 

1.15 

1.10 

1.15 

1.10 

1.00 


1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

2.00 

1.55 

1.80 

1.35 

1.10 

1.00 

.90 

1.60 

1.10 

.90 

7.30 


June.   '  July.     Aug 


Sept.  '  Oct.    I  Nov.     Dec. 


2.40 
2.70 
1.90 
1.45 
1.10 

.90 
2.30 
1.20 
1.10 

.80 
4.00 
3.10 
2.00 
1.30 
1.10 

.90  ' 
2.20 
1.80 


|- 


1.80 
1.20 
.85 
.75 
.70 
.90 
1.00 
.80 
.70 


75 


1.00  , 
1.10  • 
1.35 
.90 
.50 
.40 
.55 
.50 


1.20 

3.80 

3.25 

1.85 

1.00 

2.20 

5.40 

3.60 

2.20 

5.20 

2.80 

2.20 

1.60  j 

1.20 

1.10  ' 

3.70 

1.85 

1.30 


1.50 

1.85 

1.50 

1.20 

1.40 

1.10 

.80 

.80 

.80 

.70 

1.00 

.80 

.60 

1.00 

1.00 

1.20 

1.10 

1.10 


0.35 
.30 
.80 
.30 
.80 
.80 
.30 
.25 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.'20 
.20 
.20 


0.30 
.80 
.30 
.35 
.80 
.70 
.40 
.40 
.40 
.40 
.85 
.30 
.50 
.50 
..55 
.60 


.  55 


50 


0.50 

.45 

1.45 

1.10 

.75 

2.60 

1.50 

1.20 

.80 

.75 

.65 

.60 

.55 

.50 

.50 

.50 

.70 

.70 
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Mean  daily  gage  keightj  in  feetj  of  Dan  River  at  Afadimm,  N.  Cffor  19Q4 — Continued. 


Day. 


19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 


Jan. 

Feb. 

Mar. 

Apr. 
1.00 

May. 

.66 

1.20 

1.40 

3.10 

.70 

2.65 

1.30 

1.00 

1.80 

1.16 

1.75 

1.20 

.90 

1.40 

1.05 

6.60 

i.ao 

.     .90 

1.25 

2.06 

4.06 

1.25 

.85 

1.10 

1.60 

2.80 

10.30 

.80 

1.00 

1.28 

2.05 

3.90 

.90 

1.05 

1.10 

1.65 

2.60 

1.00 

1.00 

1.00 

1.60 

2.60 

2.00 

.90 

.76 

1.50 

2.70 

1.90 

.90 

.36 

1.50 

2.10 

1.35 

.80 

1.16 

1.80 

1.20 

.80 

1.06 

1.60 

.80 

Jane. 

3.70 

1.50 

1.30 

2.20 

1.25 

.90 

.80 

.70 

.60 

.90 

8.90 

2.40 


July. 

.40 
.45 
.50 
2.70 
1.90 
2.70 
1.50 
1.00 
1.20 
1.40 
3.00 
2.80 
3.60 


Aug. 


8ept.  I  Oct. 


1.00 

4.00 

5.90 

2.45 

1.65 

1.50 

1.35 

1.20 

1.10 

1.00 

.90 

.90 

.80 


1.00 
.60 
.50 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 


.20 
.25 
.80 
.80 
.80 
.30 
.80 
.80 
.30 
.30 
.80 
.80 
.80 


KoT.      D«r. 


.50 
.50 
.50 
.45 

.50 
.45 
.45 
.40 
.40 
.40 
.45 
.50  I  1.10 
'      1.10 


.a) 
.m 

.r» 
.50 

.»% 

1.0U 

LSD 
2.65 
1.96 


Bating  table  for  Dan  River  at  Madison^  N.  C^from  May  7,  190Sj  to  December  SI,  1904. 


Discharge. 

he^t. 

Second-feet, 

Feet: 

180 

0.60 

192 

.65 

204 

.70 

216 

.75 

228 

.80 

240 

.85 

252 

.90 

265 

.95 

Discharge. 


Serond-feeL 
278 
291 
304 
317 
330 
344 
358 
372 


Oage 
height. 

Discharge. 

Gage 
height. 

1 
Discharge. 

Feet. 

Seeond-feet. 

Feel. 

Settmd-Jeet. 

1.00 

386 

1.80 

642 

1.10 

416 

1.90 

1 

676 

1.20 

446 

2.00 

710 

1.30 

476 

2.10 

744 

1.40 

508 

2.20 

778 

1.50 

540 

2.30 

813 

1.60 

574 

.    2.40 

849 

1.70 

608 

2.50 

885 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  baaed  upon 
10  discharge  measurements  made  during  1904  and  4  measurements  made  during  1903. 
It  is  well  defined  between  gage  heights  0.50  foot  and  2.50  feet 

Discharge  estimated  above  2.50  gage  height. 

Esiimaied  mantldy  discharge  of  Dan  River  at  Madittony  N,  C,  far  1903-4, 


Month 


Diacharge  in  second-feet. 


1903. 
May  8-31 _ 

June 

July 

August 

September 

October 

November 

December 


Maximum. 

Minimum. 

2,465 

574 

3,300 

710 

2,735 

416 

4,250 

401 

2,495 

358 

813 

330 

1,020 

317 

795 

265 

Mean. 

992 
1,199 
742 
910 
541 
39S 
418 
3SS 
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JCtftimnted  monttUy  discharge  of  Dan  River  at  Madison^  N.  (%for  190S-4 — Cou tinned. 


Month. 


1904. 
Junuary 

Februarv 

m 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 

Minimum. 

727 

216 

2,375 

265 

5,255 

416 

710 

330 

3>  455 

330 

1, 575 

278 

1,335 

228 

2,615 

.S30 

659 

228 

216 

180 

330 

204 

963 

240 

5,255 

180 

Mean. 


376 
659 
808 
463 
550 
653 
480 
865 
349 
195 
242 
386 


502 


DAN   RIVER   AT   SOUTH  BOSTON,  VA. 


This  station,  which  was  established  on  August  27,  1900,  by  E.  W. 
Myers,  is  in  the  town  of  South  Boston,  Va.,  on  the  railroad  bridge  of 
the  Norfolk  and  Western  Railroad  which  crosses  the  river  at  that 
place.  On  May  18,  1903,  B.  S.  Drane  replaced  the  wire  gage  with  a 
standard  chain  gage.  The  datum  was  not  changed.  The  gage  is 
located  on  the  downstream  guard  rail  near  the  center  of  the  first  span 
from  the  left  bank.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker  is  35.02  feet.  Bench  mark  No.  1  is  the  sharp 
inner  corner  toward  the  left  bank  of  the  plate  attached  to  the  inner 
surface  of  the  struts  at  the  center  of  the  left  span  and  to  the  bearing 
of  the  wooden  floor  beam  and  tie.  The  elevation  of  the  top  of  the 
plate  is  32.86  feet  above  gage  datum.  Bench  mark  No.  2  is  the  top 
of  a  standard  copper  bolt  set  in  the  capstone  of  the  abutment  of  the 
viaduct  by  means  of  which  the  Southern  Railway  crosses  the  highway 
a  short  distance  upstream  from  the  Norfolk  and  Western  and  Southern 
Railway  crossing.     Its  elevation  is  30.65  feet  above  gage  datum. 

Discharge  measurements  are  made  from  the  bridge  to  which  the 
gage  is  attached.  The  initial  point  for  soundings  is  the  left  end  of 
the  downstream  guard  rail.  This  is  a  very  good  station  for  the  gaging 
of  all  except  the  very  highest  stages  of  flow.  At  extreme  heights  the 
river  spreads  out  over  a  flood  plain  of  considerable  width.  The  trestle 
connecting  the  bridge  with  the  embankment  on  the  south  side  of  the 
river  is  on  a  curve  of  rather  liigh  degree.     The  bed  of  the  stream  is  of 
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coar.se  sand  and  probably  shifts  only  slightly.     The  gage  is  read  twice 
daily  by  J.  Mercer  East. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C  Grover,  district  hydrographer. 

Discharge  measurements  of  Dan  River  at  South  Boston,  Va.,  in  1904' 


Date. 


Hydrographer. 


June  21 1  F.  H.  Brundage 

Septemlwr  15  . .    R.  H.  Bolster. . . 

SeptemlKT  28 do 

Octol^er  20 


J.  C.  Hoyt 


Width. 


Feet. 
253 
295 
243 
238 


Area  of        Mean 
section.      velfK'ity. 


iS^.  feet.  Ft.  p&  sec. 

1,542  '.       1.57 

3,820  2.85 

1,152  1.20 

1, 015  .  89 


height.   I  I>i'^»^- 


Fret. 

2.68 

10. 82 

1.22 

.745 


Seitmtt-ftn, 
1,3St 


9(4 


Mean  daily  gage  height^  in  feet ^  of  Dan  River  at  South  Boston,  Va.,for  1904^ 


Day. 

Jan 
1.95 

Feb. 

Mar. 

Apr. 
2.25 

May. 

June. 
8.20 

July. 

Aug. 
4.67 

Sept. 

1   Oct. 

1 

1.28 

Nov. 
0.35 

IK.- 

1 

2.15 

2.40 

2.30 

3.10 

1.25 

1 

2 

1.8,') 

1.80 

2.20 

2.25 

1.80 

4.99 

2.90 

4.60 

2.37 

.72 

.6« 

1     '^* 

3 

2.10 
1.75 
1.02 

2.06 
1.90 
2.10 

2. 15 
2.30 
2.25 

2.20 
2.00 
1.75 

1.40 
1.70 
1.45 

5.45 
3.  .55 
2.45 

2.47 
1.95 
1.35 

5.00 
3.77 
2.00 

4.75 
4.02 
2.79 

.20 
.42 
.47 

.its 

1.02 
l.ir2 

].*>' 

4 

1*.  f  -' 

.') 

::  H^ 

« 

".  65 

2.25 

2.35 

1.65 

1.40 

1.80 

.92 

1.67 

2.10 

.*5 

.72 

5  1^ 

4 

.62 

2.20 

3.50 

1.75 

1.90 

2.65 

.87 

1.57 

1.30 

.67 

.42 

4  KJ 

8 

1.45 

6.10 

4.55 

1.80 

1.80 

3.15 

1.57 

4.80 

.95 

.37 

.68 

3  t> 

9 

2.07 

6.05 

4.95 

1.70 

1.G5 

2.65 

1.05 

7.25 

l.?2 

.15 

1.12 

2.:i« 

10 

1.90 

3.80 

4.20 

1.90 

1.80 

1.95 

.92 

11.15 

1.32 

.02 

1.18 

,    '  *-* 

U 

2.05 

2.95 

3.25 

1.95 

1.80 

1.80 

1.32 

9.70 

i.a5 

-.a5 

1.20 

l.:>2 

12 

2. 17 

2.70 

2.65 

1.70 

1.80 

3.65 

1.65 

6.15 

.92 

.62 

1.02 

l.C 

13 

2.07 

2.05 

2.60 

1.50 

1.50 

4.85 

1.60 

3.75 

1.47 

.63 

1-78 

l.r> 

14 

2.00 

1.90 

2. 50 

1.40 

1.50 

2.63 

1.42 

2.65 

3.97 

.65 

2.88 

i.v. 

1,-) 

1.82 
1.55 

2.15 
i.80 

2.  15 
2.40 

1.40 
1.40 

2.40 
2.40 

1.73 
1.43 

1.22 
1.22 

1.82 
1.52 

10.75 
9.06 

.68 

.28 

2.38 
1.-68 

l.:i* 

k; 

l.t> 

1 

17 

1.45 
1.42 
1.55 

1.55 
1.60 
2.05 

2.25 
2.10 
2.a5 

1.45 
1.40 
1.35 

3.70 
4.a5 
8.00 

1.40 
1.33 
1.30 

.87 
.66 
.92 

1.27 
1.37 
1.40 

3.27 
1.82 
1.07 

.02 
.25 
.70 

1.58 
1.48 
1.42 

1  7.' 

IS 

l.t> 

10 

l.J« 

•>o 

1.27 
1.45 
1.70 
2.  H5 

4.20 
4.00 
8.50 

ll.ftT 

2.10 
1.80 
1.65 
2.10 

1.35 
1.30 
1.30 
1.30 

4.40 
2.70 
2.25 
1.70 

1.23 
2.50 
2. 05 
1.78 

.67 

.68 

.77 

2.15 

1.52 
1.37 
3.77 
3.37 

1.37 
1.37 
1.37 
1.37 

.62 

.52 

1.42 

.68 

.88 

.48 

.58 

1.62 

1.3^ 

21 

'      l.> 

22 

1 

l.> 

23 

1  :-■ 

24 

3.00 

8. 05 

5. 45 

1.30 

1.60 

1.48 

4.67 

2.27 

1.37 

.38 

1.52 

1.'- 

2.-» 

2.90 
2.10 
1.95 

4.55 
3.80 
3. 05 

9.70 
5.30 
4.a5 

l.:» 

1.35 
l.(iO 

1.55 
1.50 
1.35 

1.28 
1.02 

.85 

6.30 
2.50 
2.05 

1.50 
1.37 
1.27 

1.12 
1.13 
1.32 

.35 
1.18 
1.05 

1.50 

1.40 

.82 

l.t.:: 

2rt 

1  v^> 

27 

i.v'. 

28 

1.75 

3. 15 

3.80 

2. 35 

1.30 

1.32 

2.10 

1.06 

1.32 

.85 

.38 

lit' 

29 

.82 

2.  r>5 

3.f:5 

3.25 

1.15 

1.95 

2.97 

.72 

1.28 

.68 

1. 1?' 

i.y* 

30 

.88 

2.80 

2.80 

1.10 

2.77 

4.17 

.85 

1.22 

.45 

1.42 

i.> 

31 

1.08 

2. 45 

1.00 

4.52 

1.07 

.28 

1.'.' 

_ 

_  _ 



_   _ 
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Rating  table  for  Ikin  River  at  Sauth  Boston^  T7i.,  from  January  1  to  December  Sl^  1904. 

DittchfiTge. 


height.      l^»«i^»*nfe.       i^'iKht.      *"«narKi.       height. 


Feet. 
0.00 

.10 

.20 

.30 

.40 

.50 

.60 

.70 

.80  , 

.90  I 

1.00  , 

1.10 

1.20  I 

1.30  ' 

1.40 

1.50 

1.60 


Second-/trL 
400 

451 

510 

574 

642 

713 

786 

861 

937 

1,014 

1,091 

1,168 

1,245 

1,323 

1,401 

1,479 

1,557 


Feet. 
1.70 

1.80 

1.90 

2.00 

2.10 

2.20 

2.30 

2.40 

2.50 

2.(50 

2.70 

2.80 

2.90 

3.00 

3.10 

3.20 

3.30 


Secomi-feet. 

1,6:^ 

1,713 

1,791 

1,870 

1,949 

2,028 

2,107 

2,186 

2,265 

2, 345 

2, 425 

2, 5a5 

2,585 

2,ti65 

2,746 

2,827 

2,W8 


Feet. 
3.40 

3.50 

3.60 

3.70 

3.  SO 

3.90 

4.00 

4.20 

4.40 

4.60 

4.80 

5.00 

5.  20 

5.40 

5,60 

5.80 

6.00 


heufht.      I>i«eharge. 


Second-feet. 
2,989 

3, 070 

3, 152 

3,  234 

3,  31 7 

3,400 

3, 484 

3,()53 

3,824 

3,997 

4,172 

4,349 

4, 528 

4,709 

4,892 

5, 077 

5,264 


Feet. 
6.20 

6.40 

6.60 

6.80 

7.00 

7.20 

7.40 

7.60 

7.80 

8.00 

8.50 

9.00 

9.50 

10.00 

10.50 

11.00 

11.50 


Sectmd-feiL 
5, 453 

5,644 

5, 8;w 

6, 034 

6,234 

6, 434 

6, 638 

6,845 

7,055 

7,275 

7,830 

8,415 

9,030 

9,700 

10,420 

11,190 

11,990 


The  above  tabic  is  applicable  only  for  open-channel  conditionH.  It  is  based  upon 
discharge  measurements  made  during  1903  and  1904.  It  is  fairly  well  defined.  The 
table  has  been  extended  Inflow  gage  height  0.75  foot. 

Estimated  monthly  discharye  of  Dan  River  at  South  Boston^  T  a.,  for  1904' 

[Dniinaxrc  aren,  *2,7o0  Sipiarc  miles.] 


Discharge  in  second-feet. 


Month. 


Maximum. 


Minimum.        Mean. 


Hun-ofT. 


,  Second-feet    n«,v*K  i« 


January  . . . 
February . , 

• 

March 

April 

May 

June 

July 

August 

Septemlx^r 
Octol)er  .. 
November 
December 


2,  665 

750 

l,6a3 

11,270 

1,518 

3, 239 

'    9, 2^)0 

1,596 

2,847 

2,868 

1,323 

1,663 

1    7, 275 

1,091 

1^999 

4,  755 

976 

2,147 

5, 548 

824 

1,877 

11,430 

876 

2,901 

10,  795 

1,029 

2,  250 

1,417 

375 

772 

2, 569 

608 

1,2,^3 

4,  510 

1,245 

1,953 

0. 605 
1.18 
1.04 
.605 
.727 
.781 
.6a3 
l.a5 
.818 
.281 
.448 
.710 


0. 697 
1.27 
1.20 
.675 
.838 
.871 
.788 
1.21 
.913 
.324 
.500 
.819 


The  vear 


i 1 ,  430 


:^75 


2,  045 


.744       10.11 
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[no.  12& 


MAYO   RIVER  AT  MADISON,  N.  C. 

This  station  was  established  as  a  bench-mark  station  April  16,  1904, 
by  B.  S.  Drane.  It  is  located  about  one-half  mile  from  Madison. 
N.  C,  at  the  highway  bridge  on  the  road  to  Mayodan,  N.  C,  and 
about  1,000  feet  above  the  junction  of  Mayo  and  Dan  rivers.  Dis- 
charge measurements  are  made  from  the  downstream  side  of  the  two- 
span  bridge  resting  on  three  stone  piers.  The  initial  point  for 
soundings  is  over  the  left  end  of  the  bridge,  downstreani  side.  The 
channel  is  straight  for  about  600  feet  above  and  1,000  feet  below  the 
station.  The  current  is  swift.  Both  banks  are  high,  wooded,  and  not 
liable  to  overflow.  The  bed  of  the  stream  is  composed  of  sand,  with 
some  rock  along  the  left  bank.  There  is  but  one  channel.  At  low 
stages  all  water  passes  under  the  left  span;  at  higher  stages,  under 
both  spans.  Two  cotton  mills  about  3  miles  upstream  will  control 
the  flow  at  all  times,  and  freshets  in  Dan  River  will  also  cause  Iwick 
water  at  the  station.  The  bench  mark  is  the  upper  edge  of  a  small 
tie  plate  on  the  upstream  side  of  the  bottom  of  the  third  strut  from 
the  left  bank  on  the  upstream  side  of  the  bridge.  Its  elevation  is  2S 
feet  above  datum. 


Discharge  measuremenis  of  Mayo  River  at  Madimn,  N.  C,  in  1904. 


Date. 


April  16 1  B.  S.  Drane 


Hydro{frapher. 


do 


June  7 


September  27  . . ' do 


width. 


Feet. 
59 

60 

61 


Area  of 
section. 


Sti./eet. 
249 

270 

250 


Mean 
velocity. 


Fi.  per  sec. 
1.13 

.90 

.81 


Ga^e 
height. 


Feet. 
1.82 
2.09 
1.24 


Dist^faAiv*'. 

SfTimd-fefL 

281 

244 
202 


BANISTER   RIVER  AT  HOUSTON,  VA. 

This  river,  which  drains  a  total  area  of  520  square  miles,  has  its 
headwaters  in  Pittsylvania  County,  Va.,  flows  southwesterly  through 
this  and  Halifax  counties,  and  is  tributary  to  Dan  River  at  a  point 
about  5  miles  below  South  Boston.  The  basin  is  hilly  and  generally 
in  farming  lands,  with  small  forest  areas.  This  station  was  estab- 
lished September  28,  1904,  by  R.  H.  Bolster,  and  is  located  at  a  cov- 
ered highway  bridge  one  and  a  fourth  miles  below  the  railway  station 
at  Houston,  Va.,  and  about  one-fourth  of  a  mile  below  the  mouth  of 
Terrible  Creek.  A  standard  chain  gage  is  attached  to  the  upstream 
side  of  the  bridge  near  the  left  pier;  the  length  of  chain  is  33.50  feet. 
A  board  gage  at  the  mouth  of  Terrible  Creek  has  been  set  to  read 
the  same  as  the  chain  gage  at  2.3  feet  alx>ve  gage  datum  and  has  been 
used  since  November  27.  A  high-water  gage  from  19  to  30  feet  is 
painted  on  the  northeast  corner  of  Mr.  Yates's  mill. 
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The  datum  of  the  chain  gage  i^  referred  to  bench  marki^  as  follows: 
No.  1,  chiseled  cross  at  the  top  of  the  left  abutment,  upstream  side  of 
bridge;  elevation,  25.27  feet.  No.  2,  top  of  foundation  at  northeast 
corner  of  Mr.  Yates's  mill,  directly  under  the  high-water  gage;  eleva- 
tion, 19.12  feet.  No.  3,  nail  in  10-inch  tree  60  feet  northeast  of  bridge 
over  Terrible  Creek;  elevation,  16.48  feet. 

The  channel  is  straight  for  about  1,000  feet  above  and  below  the 
station.  Both  banks  are  low  and  liable  to  overflow.  The  bed  of  the 
stream  is  of  gravel  and  sand,  and  probablj'  changes  somewhat.  There 
is  one  channel,  broken  by  one  pier  at  low  water  and  by  two  piers  at 
medium  stages.     The  gage  is  read  twice  daily  by  J.  A.  Yates. 

The  observations  at  this  station  during  1904  have  l>een  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  meaturemtnU  of  Banister  River  at  Houstorij  Va,,  in  1904^ 


Date. 


Hydrographer. 


September  28 
()<!tober22... 


R.  H.  Bolster 
do 


width. 


Area  of 
election. 


Mean  Gage 

velocity.  •   height. 


Discharge. 


f\PCt. 

73 
72 


Sq./fet. 
126 
131 


FLpfrtrr. 
1.44 
1.24 


Feet,        Second-feet. 
2.31  181 

2. 30  162 


Mean  daily  gagt  height^  in  feet y  of  Banister  River  at  Houslon^  Va.,  for  1904-^ 


Day. 


1. 
2. 
3. 
4. 

6. 
6. 

7. 

8. 

9. 
10. 
11. 


Oct.    Nov.    Dec. 


2.05 
2.00 
2.00 
2.00 
2.05 
2.00 
2.00 
2.00 
1.90 
2.00 
1.96 


2.12 
2.22 
2.20 
2.25 
2.52 
2.48 


2.82 
2.32 
3.08 
8.1ft 
3.80 
6.06 


2.32 

4.  GO 

2.28     8.40 

2.28 

3.06 

2.20 

2.90 

2.25 

2.76 

Day. 

Oct. 

Nov. 

12 

2.00 
1.95 
1.95 

2.25 

13 

2.92 

14 

4.05 

15 

1.95 

3.10 

16 

1.90 

2.C5 

17 

2.00 

2.48 

18 

1.90 

2.35 

19 

2.06 

2.85 

20 

2.00 

2.30 

21 

2.86 

2.80 

22 

2.30 

2.35 

'1  Gage  heights  from  September  28  to  November  26  refer  to  the  bridge  gage.    For 
the  year  they  r^fer  to  the  gage  at  the  mouth  of  Terrible  Creelc. 


Oct. 

Nov. 

Dec. 

2.15 

2.88 

2.78 

2.10 

2.38 

2.96 

2.00 

2.32 

3.66 

2.20 

2.32 

3.36 

2.20 

2.30 

3.50 

2.12 

2.30 

3.88 

2.15 

2.30 

3.56 

2.10 

2.32 

2.96 

2.10 

2.98 

the  n 

emain< 

derof 

PEDEB,  OR  YADKIN,  RIVER   DRAINAGE   BASIN. 

The  Yadkin  River,  or  the  Pedee,  as  it  is  called  below  the  junction 
with  the  Uharie,  rises  on  the  eastern  slope  of  the  Blue  Ridge,  in 
Caldwell  and  Watauga  counties,  N.  C,  and  flows  at  first  southeast, 
then  turns  abruptly  northeast  and  flows  in  this  direction  for  about 
GO  miles,  then  bends  again  abruptly  and  flows  south  and  southeast 
across  North  Carolina  and  South  Carolina,  emptying  into  Winyah  Ba)' 
at  Georgetown,  S.  C.     The  total  length  of  the  stream,  from  source  to 


108  STREAM    MEASUREMENTS    TN    1904,  PART   III.  fsfo.iJi 

mouth,  following  its  general  direction,  is  from  275  to  3(K)  mil^i,  while 
it  is  probably  400  miles  or  more  if  all  the  windings  be  followed. 

The  Pedoe  drains  a  totiil  area  of  about  17,000  square  miles,  of  which 
about  9,700  square  miles  are  in  North  Carolina  and  7,300  in  South 
Carolina.  The  stream  crosses  the  fall  line  near  Cheraw,  8.  C,  in  a 
series  of  rapids  extending  over  a  number  of  miles,  with  no  very  great 
fall  at  any  one  place  or  in  any  short  distance. 

Small  amounts  of  power  may  be  developed  on  some  of  the  tribu- 
taries of  this  stream  in  South  Carolina,  but  the  power  possibilitic^s  <»f 
the  basin  in  this  State  are  unimportant.  In  North  Carolina  the  streaiu 
can  l)e  made  to  furnish  power  in  large  quantities  at  a  number  of  places, 
and  large  amounts  ma}'  be  secured  on  many  of  the  tributaries.  Thi^ 
streaih  and  its  tributaries  are  among  the  most  important  power  streams 
in  the  Southern  States. 

Below  the  great  bend,  where  the  river  turns  to  the  south,  the  valley 
of  the  stream  averages  about  50  miles  in  width.  At  many  points  tho 
river  is  bordered  by  wide  expanses  of  bottom  lands,  which  are  at  time- 
subject  to  overflow,  and  which  are  fertile  and  very  productive-  At 
other  places  the  river  is  confined  between  bold  and  abrupt  banks^  and 
in  one  case  it  flows  for  several  miles  in  a  very  narrow  channel,  only  tio 
feet  wide  in  places,  in  a  deep  ravine  between  the  flanking  hills,  fonn- 
ing  the  noted  *'  Narrows.'-  A>)ove  the  great  bend  the  valley  is  onlv 
from  15  to  20  miles  Nvide,  and  the  elevations  of  the  divides  which  sejra- 
rate  the  basin  of  the  Yadkin  frona  those  adjacent  are  much  higher,  >«» 
that  the  tributar}'  streams  have  a  large  fall. 

The  upper  part  of  the  drainage  basin  is  rough  and  motmtainous  and 
largely  forest  covered,  and  throughout  this  pirt  of  its  course  the  flow 
of  the  stream  is  more  constant  than  would  be  expected. 

The  average  rainfall  over  the  part  of  the  basin  in  North  Carolina  i^ 
probably  between  48  and  61  inches,  approximating  the  lower  figuiv 
over  the  lower  portions,  and  possibly  exceeding  51  inches  over  th»» 
higher  and  more  mountainous  portions,  the  precipitation  increasing 
as  the  stream  is  ascended.  This  total  amount  is  rather  evenlv  distrib- 
uted  among  the  seasons. 

Tho  highest  flood  ever  known  at  Wilkesboro,  it  is  stated,  occurnnl 
in  March,  181)9,  the  stream  at  this  place  rising  28  feet  above  low  water. 
The  greatest  flood  recorded  at  the  gaging  stiition  at  Salisbury,  N.  C. 
occurred  in  December,  11)01,  the  stream  reaching  an  extreme  height 
on  the  gage  of  19.7  feet  and  having  a  probable  discharge  of  a1>out 
130,000  second-feet,  or  about  88  second-feet  per  s(|uare  mile.  The 
flood  of  March,  1899,  produced  a  rise  of  about  1  foot  le.ss  than  this 
flood  of  December.  The  most  destructive  flood  ever  ex|>erienc^d  on 
the  stream  occurred  in  May,  1901,  but  the  recorded  gage  height  at  the 
Salisbury  station  was  less  for  this  flood  than  for  either  of  the  othei"s 
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mentioned,  and  the  general  testimony  of  those  living  along  the  banks 
is  to  the  same  effect. 

The  minimum  recorded  flow  at  the  Salisbury  station  occurred  in 
September,  October,  and  November,  1897,  when  the  basin  of  the 
stream  experienced  the  most  severe  drought  in  its  history.  The  flow 
fell  to  9<K)  second-feet  several  times  during  this  period,  or  the  basin 
above  the  station  was  discharging  at  an  aveiuge  rate  of  0.2(5  second- 
foot  per  s(|uare  mile.  The  maximum  flow  is  thus  about  144  times  the 
minimum. 

The  United  States  Weather  Bureau  maintains  river  stations  at  this 
basin  as  follows: 

Pe<lee  at  Chemw,  S.  C. 
Peclee  at  SmithH  Millp,  S.  C. 

During  1904  the  United  States  Geological  Survey  has  maintained 
^ging  stations  in  this  drainage  basin  as  follows: 

Yadkin  at  Salisbury,  N.  C. 
Yarlkin  at  North  Wilkeslwn),  N.  C. 
RtKldie  at  North  WilkeslH)n>,  N.  C. 
Mullx?rry,  at  North  WilkeslK)ro,  N.  C. 
Roaring  at  Roaring  River,  N.  C. 
Mitchell  at  Burch,  X.  C. 
Fisher  at  Crotchfield,  N.  C. 
Ararat  at  Siloam,  N.  C. 

« 

YADKIN    RIVER   NEAR   SALISBURY,    N.    O. 

This  station  was  established  by  C.  C.  Babb,  September  24,  1895,  at 
the  Southern  Railway  bridge  about  6  miles  east  of  Salisbury,  N.  C. 
Meiisurements  were  made  from  the  decked  mil  road  bridge,  from  which 
the  original  wire  gn^re  was  also  suspended.  During  the  year  1899  the 
location  of  the  measuring  station  and  wire  gage  was  changed  to  a  new 
iron  highway  bridge  about  300  yards  above,  the  gage  being  set  to  read 
the  same  as  the  original  one.  Early  in  1903  it  was  decided  that  the 
original  location  at  the  railroad  bridge  was  better;  so  the  station  was 
again  changed  to  it,  but  the  gage  was  located  on  the  plank  walk  sup- 
poi-ted  by  the  lower  members  of  the  bridge.  The  new  gage  is  a  stand- 
ard gage,  and  is  fastened  to  lower  member  of  the  bridge,  along  the 
plank  walk,  near  the  middle  of  the  first  span  from  right  bank.  The 
length  of  the  gage  chain  from  the  end  of  the  weight  to  the  marker  is 
2S.e>i)  feet. 

Bench  mark  No.  1  is  the  top  of  the  inside  eyebar  of  the  lower  chord 
on  the  downstream  side,  in  the  fourth  panel  from  the  right  end  of  the 
bridge,  opposite  a  point  80  feet  from  the  initial  point  for  soundings. 
It  is  marked  with  white  paint  and  has  an  elevation  of  27.28  feet  above 
gage  datum.  Bench  mark  No.  2  is  the  top  of  the  anchor-bolt  head  at 
the  right  downstream  corner  of  the  foot  plate  on  the  right  abutment, 
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downstream  side.  Its  elevation  is  26.82  feet  above  gage  datum.  The 
discbarge  measurements  are  made  from  tbe  walk  to  wbich  tbe  gage  i:> 
attacbed.  Tbe  bridge  is  a  four-span  iron  bridge  of  tbe  decked  type, 
baving  a  total  lengtb  of  about  650  feet  between  stone  abutments,  the 
left  bank  abutment  being  at  the  edge  of  the  high  rock}^  bluff,  while 
that  at  right  bank  is  connected  with  the  hill  by  a  short  earth  embank- 
ment. The  river  is  confined  by  the  abutments  at  all  stages,  and  occu- 
pies practically  the  whole  width  at  low  water. 

The  channel  is  straight  for  a  long  distance  below,  but  curves  con- 
siderably above.  The  bed  of  the  river  is  rocky,  and  the  depth  of 
water  is  fairly  uniform.  Current  is  good,  even  at  lowest  stages.  The 
initial  point  for  soundings  is  the  end  of  the  bridge  at  right  bank.  The 
gage  is  read  once  daily  by  J.  T.  Yarbrqugh,  the  bridge  keeper. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Yadkin  River  near  Salisbury  ^  N.  C,  in  1904. 


Date. 


HydroRTapher. 


B.  S.  Drane. 


February  16  . . 

March  17 do 

April  25 ' do 

July  22 .....do 

Do do 

September  7 do 

September  28 do 


Do 

Pecember  17, 


do 
.do 


width. 

Area  of 
section. 

Mean 
velocity. 

Feet 

Sqjeet. 

Ft.per9cc. 

523 

2,061 

1.38 

522 

2,132 

1.44 

523 

2,090 

1.22 

564 

1, 332 

1.96 

528 

2,128 

1.38 

524 

2,184 

1.78 

520 

1,779 

.82 

562 

1,120 

1.36 

522 

1,942 

1.08 

Gage 
height. 


2.06 
2.19 
2.08 
1.94 
2.22 
2.52 
1.44 
1.42 
1.82 


Dlsrhaixt'. 


Sceowi-Jftt. 
2,843 
3, 075 
2,543 
2,611 
2, 942 
3,892 
1,465 
1,526 
2.090 


Measurements  made  at  different  sections. 


Mean  daily  gage  hdghlj  in  feet,  of  Yadkin  River  near  Salisbury^  N.  C,  for  1904- 


Day. 


1 
2 
8 
4 

5 
6 
7 
8 
9 
10 
11 


Jan. 

Feb. 

Mar. 
2.46 

Apr. 

May. 

June. 

1.76 

1.95 

2.00 

1.85 

2.30 

1.86 

1.74 

2.85 

2.06 

1.95 

4.65 

1.90 

1.80 

2.25 

1.95 

1.75 

5.10 

1.92 

1.88 

2.20 

2.05 

1.80 

8.10 

1.65 

1.90 

2.15 

1.90 

2.05 

2.55 

1.30 

1.85 

2.00 

1.85 

2.10 

2.30 

1.45 

2.05 

2.20 

1.85 

1.90 

2.10 

1.85 

8.85 

a  6. 20 

1.95 

2.20 

3.00 

1.85 

8.45 

4.55 

1.90 

2.35 

2.45 

1.90 

2. 75 

3.25 

2.35 

2.75 

2.05 

l.»8 

2.25 

2.75 

2.20 

2.25 

2.25 

July. 

4.20 
8.05 
2.60 
2.25 
2.'05 
1.85 
2.10 
1.90 
1.80 
2.05 
2.45 


I 


Aug. 

Sept. 

Oct. 

2.35 

1.G5 

1.35 

2.25 

3.10 

1.25 

8.00 

3.00 

1.26 

2.55 

2.36 

1.30 

2.05 

2.80 

1.25 

2.40 

8.15 

1.30 

2.65 

2.50 

1.30 

4.86 

2.16 

1.85 

3.70 

1.80 

1.35 

8.50 

1.70 

i.ao 

3.«5 

2.05 

1.30 

Nov.  !  Dec 


1.85 
1.35 
1.35 
1.50 
1.75 
2.10 
2.05 
1.60 
1.50 
1.45 
1.50 


Mo 

l.V 
1.9? 
i3U 
2.1'^ 
S.O0 
3.05 

iv 
iOO 
i.» 
l.« 


a  Extreme  height  March  8, 1904,  4  p.  m.  was  6  feet. 


^*^Joyt!^'*^]         PEDICE,   or    YADKIN,   RIVER    DRAINAGE    BASIN.  Ill 

Mean  daily  gage  height^  in  feeiy  of  Yadkin  River  near  Salisbury,  N,  C,  for  1904 — 

Continued. 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

28. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 

l.Sft 

l.MO 

1.85 

1.82 

1.78 

1.78 

1.90 

1.64 

1  70 

1.68 

1.68 

1.95 

2.60 

2.38 

1.95 

1.85 

1.92 

1.75 

1.60  ! 

1.78  I 


Feb. 

2.15 
2.10 
2.04 
2.10 
2.00 
1.96 
1.80 
1.75 
3.00 
2.80 
3.95 
5.10 
4.20 
3.10 
2.55 
2.48 
2.70 
2.68 


Mar. 

Apr. 
1.90 

2.50 

2.40 

1.85 

2.40 

1.80 

2.35 

1.80 

2.25 

1.80 

2.05 

1.90 

1.9A 

1.95 

1.95 

1.75 

2.10 

1.75 

2.10 

1.70 

1.96 

1.70 

2.05 

1.70 

2.30 

1.70 

4.40 

1.90 

3.30 

1.7.)  ' 

2.65 

2.00 

2.70 

2.30 

2.85 

2.00 

2.10 

1.90 

2.05 

May. 


2.25 
2.U0 
1.85 
2.85 
2.35 
1.96 
2.00 
6.60 
4.25 
2.85 
2.40 
2.30 
2.00 
1.95 
1.85 
1.90 
1.85 
1.75 
1.85 
1.70 


June. 


4.20 
3.25 
2.30 
2.00 
1.90 
1.85 
2.60 
2.50 
2.50 
2.35 
2.10 
2.25 
1.90 
1.80 
1.65 
1.75 
2.05 
4.05 
6.35 


July. 

Aug. 

Sept. 

Oct. 

Nov. 

J.rOC» 

1.96 

3.80 

1.80 

1.30 

1.50 

1.85 

1.85 

3.00 

1.60 

1.25 

1.46 

1.70 

1.80 

2.45 

1.65 

1.80 

2.70 

1.70 

1.65 

2.15 

1.60 

1.20 

2.65 

1.65 

1.85 

2.80 

1.60 

1.10 

2.06 

1.66 

1.85 

3.80 

1.60 

1.25 

1.70 

1.65 

1.85 

2.90 

1.60 

1.20 

1.60 

1.70 

1.65 

2.25 

1.50 

1.20 

1.60 

1.86 

1.65 

2.00 

1.50 

1.30 

1.60 

1.70 

1.55 

2.50 

1.50 

1.25 

1.65 

1.65 

1.70 

2.85 

1.50 

1.30 

1.50 

1.60 

5^.15 

2.46 

1.50 

1.20 

1.55 

1.60 

3.55 

2.30 

1.50 

1.20 

1.60 

1.66 

2.85 

2.45 

1.40 

1.20 

1.60 

1.86 

2.25 

•.50 

1.45 

1.30 

1.55 

1.95 

2.30 

1.90 

1.45 

1.86 

1.45 

2.06 

2.55 

1.95 

1.40 

1.85 

1.65 

2.66 

3.15 

1.90 

1.50 

1.35 

1.50 

2.86 

5.05 

1.65 

1.35 

1.30 

1.46 

2.50 

3.00 

1.65 

1.30 

2.06 

Haling  table  for  Yadkin  River  near  Salisbury,  N.  C.,from  January  1,  1904,  to  December 

SI,  1904. 


Gage 
height. 

Dlschaige. 

Gage 
height. 

Didcharge. 
Secondr/eet. 

height. 

Discharge. 

Gage 
height. 

Discharge. 

Fed. 

Seamd-Jeet. 

Feet. 

FM. 

Second-feet. 

Fset, 

iSecond-feet. 

1.10 

1,050 

2.20 

3,015 

3.30 

6,250 

4.80 

11,780 

1.20 

1,170 

2.30 

3,270 

3.40 

6,585 

5.00 

12,600 

1.30 

1,300 

2.40 

3,540 

3.50 

6,930 

5.20 

13,440 

1.40 

1,446 

2.50 

3,820 

3.60 

7,280 

5.40 

14,280 

1.50 

1,600 

2.60 

4,110 

3.70 

7,630 

5.60 

15,120 

1.60 

1,770 

2.70 

4,400 

^•80 

7,985 

5.80 

15,960 

1.70 

1,950 

2.80 

4,695 

3.90 

8,345 

6.00 

16,800 

1.80 

2,140 

2.90 

4,995 

4.00 

8,710 

6.50 

18,900 

1.90 

2,340 

3.00 

5,300 

4.20 

9,455 

2.00 

2,550 

3.10 

5,610 

4.40 

10,220 

2.10    ' 

2,775 

3.20 

5,925 

4.60 

10,990 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
9  discharge  measurements  made  during  1904  and  10  made  during  1903.  It  is  fairly 
well  defined  between  gage  heights  1.40  feet  and  2.60  feet.  The  table  has  been 
extended  below  gage  height  1.40  feet.  Above  gage  height  5  feet  the  rating  curve 
is  a  tangenty  the  difference  being  420  per  tenth. 
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Estimated  monthly  discharge  of  Yadkin  River  near  Salisbury y  N.  C.,for  1904- 

[Drainagrc  area.  3,399  square  miles.] 


January . . . 
February . 

March 

April , 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  , 


Month. 


The  year 


Discharge  in  second-feet. 


Maximum. 


4,110 

13,  020 

13,440 

3,405 

19, 320 

18,  270 

12, 810 

11,987 

5,768 

1,372 

2,775 

5, 455 


Minimum. 


1,300 
2,026 
2,445 
1,950 
1,950 
1,860 
1,685 
1,860 
1,372 
1,050 
1,372 
1,523 


19,320  I         1,050 


2, 226 

4, 151 

4,177 

2,370 

3,521  I 

4,770  i 

3,624  I 

4,434  ' 

2,376 

1,268 

1,931 

2,630 


Run-off. 


Second-fe«t      r^„-^.K  i»- 


0.655 
1.22 
1.23 
.697 
1.04 
1.40 
1.07 
1.30 
.699 
.373 
.568 
.774 


I 


1. 32 

i.:u 

1.20 

1.56 

i.2:> 

1.5<» 

.7811 
.^^\ 

.8!*2 


.919        12.42 


I 


YADKIN   RIVER   AT   NORTH   WILKE8BORO,  N.  C. 

This  station  was  established  April  10, 1903,  by  E.  \V.  Mvers.  It  is 
located  at  the  lower  highway  bridge  between  Wilkesboro  and  North 
Wilkesboro,  about  one-half  mile  below  North  VV^ilkesboro  railroad 
station  and  about  three-fourths  of  a  mile  below  the  mouth  of  Reddie 
River.  The  scale  of  the  standard  chain  gage  is  fastened  to  the  down- 
stream guard  rail  with  its  zero  7.(>3  feet  east  of  the  center  of  the  seinmd 
strut  from  the  west  end  of  the  span.  The  distance  from  the  end  of 
the  weight  to  the  marker  is  33.38  feet. 

Bench  mark  No.  1  is  the  top  surface  of  the  outer  eyebar  of  the 
lower  chord  opposite  a  point  100  feet  from  the  initial  point  for  .sound- 
ings. When  the  gage  reads  zero  the  water  surface  is  30.75  feet  below 
this  bench  mark.  Bench  mark  No.  2  is  the  top  corner  of  the  pulley 
frame  above  the  hole  in  the  box  which  incloses  the  chain.  When  the 
gage  reads  zero  the  water  surface  is  31.88  feet  below  this  bench  mark. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  steel  highway  bridge  to  which  the  gage  is  attached.  The  bridge 
consists  of  a  single  steel  span  af)out  125  feet  long,  under  which  the 
river  flows  at  ordinary  stages,  and  three  wooden  spans  about  50  feet 
each  on  the  right  bank.  There  are  also  wooden  trestle  approaches 
about  170  feet  long  on  the  right  bank  and  about  40  feet  on  the  left 
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bank.  The  initial  point  for  soundings  is  the  end  of  the  downstream 
guard  rail  at  the  left  end  of  the  bridge.  Distances  are  measured  along 
this  guard  rail  and  are  marked  in  white  paint.  The  channel  is  straight 
above  the  station,  but  makes  a  very  slight  curve  beneath  the  bridge. 
Below  the  station  the  channel  is  straight  for  about  600  feet.  The 
water  is  swift  both  above  and  below.  The  right  bank  is  low  and  is 
subject  to  overflow,  but  all  water  must  pass  beneath  the  bridge  and  its 
approaches.  The  left  bank  is  high  and  rocky  and  does  not  overflow 
at  the  bridge.  Above  the  bridge  it  (the  left  bank)  is  subject  to  over- 
flow. The  bed  of  the  stream  is  rocky,  with  sand  in  places.  There 
is  a  single  channel  at  all  stages.  The  gage  was  read  once  each  day 
during  1904  by  U.  H.  Wyatt. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrogi*apher. 

Discharge  measurements  of  Yadkin  River  at  North  Wilkesboro,  N.  C,  in  1904. 


Date. 


Hydrographer. 


B.  S.  Drane. 

....do 

....do 


March  11 

March  12 

April  18 

April  19 i do 

June  8 do 

Do do 

September  22 do 

Do do 


December  21... i do 


Do 


do 


Width. 


Fed. 
95 
95 
93 
93 
96 
96 
93 
93 
92 
92 


Area  of 
section. 


Mean 
velocity. 


helSft.      I>i««haiire. 


Sq./eeL 
434 
399 
308 
306 
396 
396 
218 
218 
229 
226 


It.  per  sec. 
2.30 
2.26 
1.87 
1.88 
2.54 
2.56 
2.13 
1.96 
2.13 
2.06 


IY:et. 

1.17 

.92 

.31 

.26 

1.24 

1.22 

.09 

.09 

.07 

.03 


Second-feet. 

1,000 

903 

574 

575 

1,004 

1,009 

465 

428 

452 

432 


Mean  daily  ffoge  height j  infeety  of  Yadkin  River  at  North  Wilkesboro,  N.  C,  for  1904- 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 


Jan. 

Feb. 

0.30 

a0.40 

.ao 

-6.20 

.30 

1.40 

-6.06 

6.20 

-6.05 

6.20 

.10 

a.  50 

.40 

.50 

.20 

1.95 

.20 

.85 

.25 

.60 

.25 

.55 

.30 

.45 

.30 

.80 

Mar. 

Apr. 

May. 

0.85 

0.60 

0.20 

.80 

.60 

.20 

.70 

.45 

1.80 

.65 

.40 

2.20 

.50 

.35 

1.10 

.40 

.80 

.90 

7.50 

.50 

.90 

8.70 

.50 

1.10 

2.10 

1.05 

2.90 

1.50 

.55 

2.20 

1.20 

.50 

1.60 

.90 

.40 

1.20 

.75 

.85 

.96 

June.  ,  July. 


Aug.     Sept.  I  Oct. 


4.60 

2.70 

1.76 

1.40 

1.10 

2.15 

1.45 

1.50 

.96 

.95 

1.50 

1.10 

.86 


IBB  126—05—8 


a  Thaw. 


2.50 

1.25 

.90 

.75 

1.00 

1.15 

.80 

1.35 

.70 

1.20 

.70 

.85 

.65  . 

6  Freeze. 


1.25 
1.20 
1.35 

.70 

.95 
1.50 

.75 
2.25 
1.20 
2.15 
1.60 
1.20  I 

.96  I 


0.50 
.70 
.45 
.40 

2.40 
.85 
.60 
.50 
.46 
.40 


0.00 
.00 
.00 
.06 
.06 
.00 
.00 
.00 
.06 
.10 
.40  !-  .10 
.45    -  .10 


.40 


-  .10 


Nov. 

-0.05 

-  .05 

-  .05 

.25 

1.30 

.25 

.00 

.00 

.00 

.00 

.a5 

.05 
.60 


Dec. 

0.06 
-  .06 
.20 
.10 
.10 
1.30 
.40 
.20 
.10 
.10 
.10 
.05 
.00 
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Mean  daily  gage  heiglUj  in  feet^  of  Yadkin  River  at  North  WUkesboro,  X.  C\,for  1904— 

Continued. 


Day. 

Jan. 

.30 

a. 00 

ft.  20 

.25 

.05 

-a.  05 

-  .20 

ft. 30 

.85 

.20 

.90 

.60 

.50 

.35 

.35 

a.  25 

a.  10 

a.  10 

Feb. 

.40 
.36 
.30 
.10 
.30 
.30 
.45 
.30 
2.36 
1.90 
l.lj 
.80 
.70 
.80 
.90 
.90 

Mar. 

Apr. 

May. 

June. 

July. 

.40 

.40 

.40 

.60 

.36 

.25 

.20 

.20 

.20 

.20 

.30 

1.60 

1.20 

.45 

.95 

6.70 

1.35 

.85 

Aug. 

.90 
1.70 
1.60 
.75 
.50 
.40 

i.a5 

1.20 

1.25 

.75 

4.50 

1.40 

1.05 

.80 

.65 

.60 

.50 

.45 

Sept.  :  Oct. 

i 

lypT. 

14 

.80 
.70 
.55 
.50 
.50 
.50 
.45 
.55 
.80 
.65 
1.60 
1.25 

i.po 

1.10 
.85 
.70 
.60 
.00 

.80 
^25 
.20 

.25 
.25 
.20 
.20 
.20 
.20 
.20 
.20 
.66 
.65 
.40 
.30 
.25 

.75 

.90 

.60 

.50 

9.80 

3.40 

2.00 

1.40 

1.10 

.90 

.75 

.90 

.90 

.60 

.60 

.40 

.80 

1.70 

.70 

.66 

.65 

1.95 

.90 

.90 

1.00 

.75 

.70 

.50 

.45 

.40 

.60 

.55 

4.80 

2.50 

1.65 

.55 
.30 

-  .10 

—  .10 

.75 
.20 
.10 
.00 
.00 
.W 
.00 

.w 

.00 
.00 
.00 

-  .10 

-  .10 

-  .10 

-  .10    ! 

.10 

-    .05  1 

1 

1 

-      10 

16 

.uo 

16 

.20   —     in 

OP 

17 

.20 
.10 
.10 

-  .10 

-  .10 

-  lO 

.10 

1« 

.10 

19 

-  .10 

20 

.10  ,-  .10 
.10   -  .10 
.10   -  .10 
.00    -  .15 
.00   —  -l.'i 

-    .!« 

21 

22 

,.1Q 

23 

.tf» 

24 

•A 

25 

.00 
10 
.10 
.05 
.05 
.00 

-  .15 
-.15 

-  .05 
.05 

-  .06 

-  .05 

-  .05 

10 

26 

ifi 

27 

:4> 

28 

1  7» 

29 

M 

30 

ir» 

81 

.-25 

aF 

'feeze. 

ft  Thaw 

• 

Rating  table  far  Yadkin  River  at  North  WilkestforOy  N.  C.jfrom  January  I,  190j,  to 

December  SI,  1904. 


Gage 
height. 

Fset. 

DiHchaige. 

Gage 
height. 

DifK^harge. 
Seeond'/eet 

Gage 
height. 

Discharge. 

height. 

Diaehanre. 

Second-feet. 

Feet. 

Feel. 

Second-feet. 

Fed. 

St4nmd-/rrt, 

0.00 

'417 

.60 

710 

1.20 

1,010 

1.80 

1,345 

.10 

465 

.70 

760 

1.30 

1,060 

1.90 

1,410 

.20 

513 

.80 

810 

1.40 

1, 115 

2.00 

1,475 

.30 

562 

.90 

1 

860 

1.50 

1, 170  . 

.40 

611 

1.00 

910 

1.60 

1,225 

.50 

660 

1.10 

960 

1.70 

1,285 

The  above  table  is  applicable  only  for  open-ehannel  conditions.  It  is  based  apitn 
10  discharge  measurements  made  during  1904.  It  is  well  defined  lietween  ga4^' 
heights  0  feet  and  1.30  feet.  The  table  has  been  extended  l^eyond  these  liiuitf. 
Above  gage  height  2  feet  the  discharge  has  been  estimated. 
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Estimated  monifily  di-ifckarge  of  Yadkin  River  at  North  WUkeaboro,  N.  C,  /(jt  1904- 

[Drainage  area  408  square  miles.] 


Room. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


DischarKc  in  aecond-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second  •  feet 
per  Hquare 

Depth  in 
inches. 

860 
1,730 
9,300 

935 
14,500 
4,375 
7,650 
3,950 
1,770 

417 

.  1,060 

1,285 

322 
322 
611 
513 
513 
611 
513 
611 
417 
345 
369 
369 

532 

742 

1,171 

602 

1,467 

1,224 

1,032 

1,059 

594 

381 

461 

506 

1.07 
1.49 
2.36 
1.21 
2.95 
2.46 
2.07 
2.13 
1.19 
.765 
.926 
1.02 

1.23 

• 

1.61 
2.71 
1.35 
3.40 
2.74 
2.39 
2.46 
1.33 
.882 
1.03 
1.18 

14,500 

322 

814 

L64 

22.31 

REDDIE   RIVER  AT   NORTH  W1LKE8BORO,  N.  C. 

ThiH  .station  was  established  as  a  bench-mark  station  April  18,  1904, 
hy  B.  S.  Drane.  It  is  located  at  the  highway  bridge  just  without  the 
town  of  North  Wilkesboro,  N.  C,  and  about  one-half  mile  above  the 
mouth  of  Reddie  River.  Discharge. measurements  are  made  from  the 
downstream  side  of  the  single-span,  covered,  bridge,  the  meter  being 
lowered  outside  the  floor.  The  initial  point  for  soundings  is  the  left 
end  of  the  bottom  rail  downstream  hand  rail.  The  channel  is  straight 
for  about  500  feet  above  and  below  the  station.  The  current  is  swift. 
Both  banks  are  high  and  not  subject  to  overflow.  The  bed  of  the 
stream  is  composed  of  sand,  and  is  somewhat  shifting.  There  is  only 
one  channel  for  all  stages.  A  small  lumber  mill  and  dam  a  short  dis- 
tance above  the  station  will  affect  the  flow  during  low  water.  The 
bench  mark  is  the  upper  edge  of  the  lower  rail  of  the  downstream 
guard  rail,  by  the  side  of  a  notch,  66  feet  from  the  initial  point  for 
.soundings.     Its  elevation  is  27  feet  above  datum. 
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Discharge  measuremenis  of  Reddie  River  at  North  Wilkesboro,  X.  C,  in  1904. 


Date. 

Hydrosrrapher. 

Width. 

57 
59 
50 

April  18 

June  9 

B.  S.  Drane 

do 

September  23  . . 

do 

Area  of 
section. 


Sq.  feci. 
61 
91 
51 


Mean  Gage 

velocity.  :    height. 


Ft.  per  sec, 
1.22 
1.69 
1.57 


FccL 
1.98 
2.26 
1.66 


Diachargv 


75 
l.V. 

8i:i 


MULBERRY   RIVER  NEAR  NORTH   WILKESBORO,  N.  C. 

This  station  was  established  as  a  bench-mark  station  November  7, 
1903,  by  B.  S.  Drane.  It  is  located  at  the  Southern  Railwa3'  bridge 
about  2  miles  east  of  North  Wilkesboro,  N.  C,  and  less  than  one- 
half  mile  above  the  mouth  of  Mulberry  River.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  bridge.  The  initial 
point  for  soundings  is  the  streamward  face  of  the  left  trestle  bent. 
The  channel  is  curved  for  100  feet  above  and  below  the  station.  The 
current  is  swift.  The  right-bank  approach  is  over  a  long  trestle  and 
the  stream  overflows  under  this  during  high  stages.  The  left  bank  is 
rocky  and  the  section  is  bounded  by  the  masonry  abutment  of  the  rail- 
road fill.  The  bed  of  the  stream  is  rocky  along  the  left  bank,  sandy 
along  the  right  bank,  and  is  permanent.  There  is  but  one  channel. 
The  current  is  broken  at  all  but  the  lowest  stages  by  one  or  more 
of  the  trestle  bents  supporting  the  bridge.  High  water  in  Yadkin 
River  will  probably  back  up  to  this  point.  The  bench  mark  i.s  the 
apex  of  the  triangular  downstream  end  of  the  iron  bearing  thix)ugh 
which  pass  the  iron  tension  rods  midway  between  the  ends  of  the  tnis^, 
on  the  downstream  side  of  the  bridge,  about  2  feet  east  of  the  second 
bent  from  the  left  bank.     Its  elevation  is  24  feet  above  datum. 

Discharge  measuremerUs  of  Mulberry  River  near  North  Wilkesboro ,  N.  C,  in  1904^ 


Date. 

Hydrographer. 

Width.  ^xs' 

• 

Mean 
volcxiity. 

Gage 
height. 

DiKchanrr^. 

April  19 

June  8 

September  22 . . 

■ 
B.  S.  Drane 

Fed. 
15 

ikj.  feet. 
25 

Ft.  ficr  sec. 
1.62 
1.98 
1.37 

1.12 

Srcom^^jfri. 

41 

do 

25             SI 

1.30 
.91 

*>I 

do 

21 

21 

:^* 

ROARING   RIVER   AT   ROARING   RIVER,  N.  C. 

This  station  was  established  as  a  bench-mark  station  April  20,  1!M4. 
by  B.  S.  Drane.  It  is  located  at  the  Southern  Railway  bridge,  a  short 
distance  above  the  mouth  of  Roaring  River,  at  Roaring  River,  N.  C. 
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Discharge  measurements  are  made  from  the  downstream  side  of  the 
one-span  bridge.  The  initial  point  for  soundings  is  on  the  downstream 
guard-rail,  exactly  over  the  left  end  of  the  bridge.  The  channel  is 
straight  for  about  200  feet  above  and  500  feet  below  the  station.  The 
current  is  swift.  The  banks  rise  gradually,  but  all  water  passes 
beneath  the  bridge  and  its  approaches.  Thie  bed  of  the  stream  is  com- 
{K>sed  of  sand  and  gravel  and  is  slightly  shifting.  There  is  but  one 
channel  at  all  stages,  broken  during  high  water  by  the  piers  and  trestle 
approaches  of  the  bridge.  High  water  in  Yadkin  River  will  make 
this  site  of  no  value  as  a  gaging  station,  but  it  is  good  at  ordinary 
stages.  The  bridge  crosses  the  river  almost  at  right  angles  to  the  cur- 
rent. The  bench  mark  is  the  edge  of  the  outermost  eyebar  of  the 
downstream  lower  chord,  at  a  point  midway  between  the  ends  of  the 
bridge  opposite  the  iron  tension  rods.  Its  elevation  is  27  feet  above 
gage  datum. 

Discharge  mecaurements  of  Roaring  River  at  Roaring  River ^  N.  C,  in  1904- 


Date. 


Hydrof^rapher. 


April  20 B.  S.  Drane 


June  9.. 

SepU'inber  23 


do 
do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Ft.  jter  KC. 

Gaffe 
height. 

Sq.feei. 

Feel. 

62 

\m 

1.20 

1.55 

78 

105 

1.70 

1.93 

63 

53 

1.36 

1.10 

Diacharge. 

Seeond-fKl. 
125 
178 
72 


MITCHELX.  RIVER  AT  BURCH,  N.  C. 

This  station  was  established  as  a  bench-mark  station  April  20,  1904, 
by  B.  S.  Drane.  It  is  located  at  the  Southern  Railway  bridge  at 
Burch,  N.  C.  a  few  hundred  feet  above  the  mouth  of  Mitchells  River. 
Discharge  measurements  are  made  from  the  downstream  side  of  the 
one-span  railway  bridge.  The  initial  point  for  soundings  is  the  end 
of  the  downstream  guard-rail  at  the  left  end  of  the  bridge.  The  chan- 
nel is  straight  for  about  700  feet  above  and  300  feet  below  the  station. 
Both  banks  are  high,  clean,  and  not  liable  to  overflow.  The  bed  of 
the  stream  is  composed  of  sand  and  gravel,  and  is  slightly  shifting. 
There  is  but  one  channel  at  all  stages,  (rood  measurements  can  be 
made  at  ordinary  stages,  but  high  water  in  Yadkin  River  renders  the 
station  of  no  value  as  a  gaging  point.  The  bridge  crosses  the  stream 
diagonally.  The  bench  mark  is  the  upper  edge  of  the  outermost  eyebar 
of  the  lower  chord,  downstream  side,  midway  between  the  ends  of  the 
bridge,  62.5  feet  from  the  initial  point  for  soundings.  Its  elevation 
is  27  feet  above  datum. 
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DUcharge  measuremettlf^  of  Mitchell  River  at  Burch,  N.  C,  in  J904- 


Date. 


April  20 

September  23 


Hydrographer. 


B.  S.  Drane. 
da 


( 

1 
Width. 

Area  of 
tsoction. 

Sq.feet. 
169 
150 

Mean 
velocity. 

84.5 

65 

1 

Ft.  per  see. 
.57 
.46 

hei^l.    j  I>«h»^ 


Feet.      '  Seftmd^t, 
2.07  j  % 

1.99  ^ 


FISHER  RIVER  NEAR  CRUTCHFIELD,  N.  C. 

This  station  was  established  as  a  bench-mark  station  April  20,  1^(H. 
by  B.  S.  Drane.  It  is  located  about  2  miles  east  of  Crutc'hfield, 
N.  C,  at  the  Southern  Railway  bridge,  just  above  the  mouth  of  the 
river.  Discharge  measurements  are  made  from  the  upstream  side  of 
the  one-span  bridge.  The  initial  point  for  soundings  is  the  rig'ht  end 
of  the  upstream  guard  rail.  The  channel  is  curved  for  about  5CH>  feet 
above  and  100  feet  below  the  station.  The  current  is  very  sluggish. 
Both  banks  are  high,  and  not  liable  to  ovei*flow.  The  bed  of  the 
stream  is  composed  of  deep  mud  and  silt,  and  is  obstructed  along-  the 
right  bank  by  the  ironwork  of  an  old  bridge  burned  here.  There  is 
but  one  channel  for  all  stages. 

High  water  in  Yadkin  River  will  make  the  station  valueless  at  such 
times,  and  the  station  has  little  to  recommend  it  except  its  accessi- 
bility. Bench  mark  No.  1  is  the  upstream  edge  of  the  upper  surface 
of  the  I  beam  forming  the  upstream  lower  chord,  at  a  point  IK)  feet 
from  the  initial  point  for  soundings.  Its  elevation  is  27  feet  above 
datum.  Bench  mark  No.  2  is  the  upper  edge  of  the  head  of  a  large 
wire  nail  driven  into  a  triangular-shaped  blaze  in  the  downstream  face 
of  a  large  willow  tree  on  the  left  bank,  100  yards  above  the  bridge. 
Its  elevation  is  12.15  feet  above  gage  datum. 

Discharge  meattiremenls  of  Fisher  Riinrr  near  OnUchfieldj  N.  C,  in  1904* 


Date. 


Hydrographer. 


April  20 '  B.  S.  Drane. 

September  24 do 


Width. 


Fert. 
87 
103 


Area  of 
section. 


Mean 
velooily, 


Gai^e 
height. 


Disehanff, 


Sfi./eet. 

Ft.  per  gee. 

fM. 

Second-/*  rf. 

265 

0.  59 

1.40 

\nif'> 

320 

.25 

1.06 

8*» 

ARARAT   RIVER   NEAR   SILOAM,   N.  C. 

This  station  was  established  as  a  bench-mark  station  April  21,  1904, 
by  B.  S.  Drane.  It  is  located  at  the  Southern  Railway  bridge  alxiut  1 
mile  east  of  Siloam,  N.  C,  and  a  short  distance  alcove  the  mouth  of 
the  river.     Discharge  measurements  are  made  from  the  downstream 
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side  of  the  single-span  bridge,  having  a  short  trestle  approach  at  each 
end.  The  initial  point  for  soundings  is  a  point  on  the  downstream 
guard  rail  at  the  left  end  of  the  truss.  The  channel  is  straight  for 
about  500  feet  above  and  150  feet  below  the  stiition.  The  current  is 
swift.  l\oth  banks  slope  gradualh\  All  water  passes  beneath  the 
bridge  and  approaches.  The  bed  of  the  stream  is  composed  of  sand, 
free  from  vegetation,  and  somewhat  shifting.  There  is  but  one  chan- 
nel at  all  stages.  Flood  stages  will  flow  around  the  cribwork  pier  on 
each  bank,  supporting  the  ends  of  the  iron  bridge. 

High  water  in  Yadkin  River  will  make  this  valueless  as  a  gaging 
site,  but  it  is  a  good  point  for  low-water  measurements.  The  bridge 
crosses  the  stream  almost  at  right  angles..  The  bench  mark  is  the  sur- 
face of  the  outer  eyebar  of  the  lower  chord  of  the  bridge,  downstream 
side,  exactly  midway  between  the  ends  of  the  bi'idge,  just  outside  the 
iron  tension  rods.     Its  elevation  is  28  feet  above  gage  datum. 

Dischtrge  mea»uremetUs  of  Ararat  River  iienr  *SV/o(/»»,  X.  C,  in  J 904. 


Date. 


April  21 

June 9 

September  24 


Hydrographer. 


Width. 


Area  of 
wctlon. 


Mean 
veloolty. 


Gaffe 
height. 


Discharge. 


Feet. 

Second-feel. 

1.08 

277 

1.63 

306 

.80 

170 

MISCKLLANEOUS   DISCHARGE   MEASUREMENTS  IN   THE   YADKIN   BASIN. 

The  following  is  a  list  of  miscellaneous  discharge  measurements 
made  in  the  Yadkin  River  drainage  basin  during  1904: 

Yadkin  Rhjer  at  Cratchfield^  iV.  C, — A  gaging  made  from  the  ferrj^ 
April  21  gave  the  following  results:  Width,  227  feet;  area,  690  square 
feet;  mean  velocity,  1.48  feet  per  second;  discharge,  1.023  second-feet. 
No  bench  marks  were  established,  but  the  gage  at  Salisbury  showed  a 
uniform  stage  of  1.70  feet  gage  height  from  April  21  to  24. 

Elkin  Creek  at  Elkln^  N,  Cl--This  stream  enters  Yadkin  River 
from  the  north  at  the  town  of  Elkin,  N.  C.  Gagings  have  been  made 
from  the  Southern  Railway  bridge,  just  above  the  mouth  of  the  creek, 
>is  follows:  April  19 — width,  26  feet;  area,  68  square  feet;  mean  veloc- 
ity, 0.36  foot  per  second;  gage  height,  0.80  foot;  discharge,  24  second- 
feet.  June  9 — width,  26  feet;  area,  59  square  feet;  mean  velocity, 
0.46  foot,  per  second;  gage  height,  1.14  feet;  discharge,  27  second- 
feet.  The  bench  mark  is  the  top  of  the  outer  eyebar  of  the  down- 
stream lower  chord  on  the  right  side  of  the  secrond  strut  from  the  left 
end  of  the  bridge.  Its  elevation  is  25  feet  above  the  datum  of  the 
gaffe. 
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Antietam  Croek  near —  Page. 
Staarpsburg,  Md. : 

description 07-C8 

discharge 68 

discbarge,  montbly 69 

gage  beigbts 68 

rating  table 69. 

Appomattox  River  at — 
Mat  too  X,  Va. : 

description 91-92 

discbarge 92 

discbarge,  montbly 94 

gage  beigbts 92 

rating  table 93 

Ararat  River  at — 
Siloam,  N.  C. : 

description 118-119 

discharge 119 

Banister  River  at — 
Houston,  Va. : 

description 106-107 

discharge 107 

gage  beigbts 107 

Belalr,  Md. 

Little  Gunpowder  Falls  near : 

description 57 

discharge 58 

Binghamton,  N.  Y. 

Chenango  River  at : 

description 18-19 

discbarge 19 

discharge,  daily 21 

discharge,  montbly 22 

gage  heights 19-20 

rating  table 20 

Susquehanna  River  at : 

description 18-19 

discharge 19 

discharge,  daily 21 

discharge,  monthly 22 

gage  heights 19-20 

rating  table 20 

Broad  Creek  at — 

MIU  Green.  Md. : 

description 55-50 

Buchanan,  Va. 

James  River  at : 

description 81 

discharge 82 


Buchanan,  Va. — Continued.  Page. 

Jamt*8  River  at — Continued. 

discharge,  monthly 83 

gage  heights 82 

rating  table 83 

Burch,  N.  C. 

Mitchell  River  at : 

description 117 

discharge 118 

Carteravllle,  Va. 

James  River  at : 

description 85 

discharge 85 

discharge,  monthly 88 

gage  beigbts 86 

rating  table 87 

Chemung,  N.  Y. 

Chemung  River  at : 

description 43-44 

discbarge 44 

discharge,  daily 46-47 

discharge,  montbly 48 

gage  beigbts 44-45 

rating  table 46 

I'bemung  River  at — 

Chemung,  N.  Y. ; 

description 43-44 

discharge 44 

discbarge,  dally 46-47 

discharge,  montbly 48 

gage  beigbts 44-45 

rating  table 46 

(^benango  River  at — 

Binghamton,  N.  Y. : 

description 39 

discharge 40 

discbarge,  dally 41-42 

discbarge,  montbly 42 

gage  heights 40 

rating  table 41 

Cburcbville,  Md. 

Deer  Creek  a^: 

*  description 50 

discbarge 56 

Crutcbfleld,  N.  C. 

yisher  River  at : 

description 118 

discharge 118 

Yadkin  River  at : 

discharge 119 

121 


122 
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Madison,  N.  C. : 

description 100-101 

discharge _    .    .  101 

discharge,  monthly.-      ._  102-103 

gage  heights- _.      _. 101-102 

rating  table 102 

South  Boston,  Va. : 

description 103-104 

discharge 104 

discharge,  monthly 105 

gage  heights 104 

rating  table  - 105 

Danville,  Pa. 

North  Branch  of  Susquehanna 
River  at : 

description 27-28 

gage  heights 28 

Deer  Creok  at — 

Churchvllle,  Md. : 

description 50 

discharge 50 

Klkln,  N.  r. 

El  kin  Creek  at : 

description 110 

■  discharge 110 

Elkln  Creek  at — 
Elkln.  N.  C. : 

description 110 

discharge 119 

Fisher  Blver  at — 

Crutchfleld.  N.  C. : 

description 118 

dlscharj^e lis 

Frederick,  Md. 

Monocacy  River  near: 

description 76-77 

discharge *  77 

discharge,  monthly- _ 70 

gage  heights 77-78 

rating  table 78 

Front  Royal,  Va. 

South  Branch  of  Shenandoah 
River  near : 

description 72-73 

discharge 73 

discharge,  monthly 74 

gage  height"* 73 

rating  table 74 

(ilasgow,  Va. 

.Tames  River  at : 

description 88-80 

discharge 80 

discharge,  monthly 01 

gage  heights 80-00 

rating  table 90 

(Ilencoe,  Md. 

Gunpt)wder  Falls  near : 

description . —  •  57 

Gunpowder  Falls  near — 
Cilencoe  : 

description , 57 

Gunpowder  River  drainage  basin: 

description 50-57 

Ilarrlsburj;.  I'a. 
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discharge .-  30-31 
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rating  table .-.  - 32 
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discharge.- ._    loT 
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description Si 
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rating  table S3 
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discharge,  monthly *»'^ 
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rating  table s7 
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•        gage  heights M 
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description RS-v? 

discharge s!i 
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rating  table- _      jm) 
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gaging  stations S2- si 
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Newport,  Pa. : 

description 52 
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rating  table 54 
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SuB(iuehanna  River  at : 
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Dan  River  at : 
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description 110 
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discharge 110 

Reddle  River  at : 

description . 115 
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Potomac  River,  North  Branch  of, 
at— 
Piedmont.  W.  Va. ; 

description 61-62 

discharge 62 

gage  heights 62 
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gage  heights 67 
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description 08 
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rating  table 99 
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River  near : 
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Roanoke.  Va. 
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rating  table 97 
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Roaring  River,  N.  C. : 
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discharge 117 
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rating  table 111 
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rating  table 09 
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rating  table 71 
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description 75 
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er near : 
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discharge,  monthly l*n» 
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discharge,  dally 50-51 

discharge,  monthly 51 

gage  heights 49 

rating  table 50 
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where  data  may  be  obtained  on  application.    These  offices  are  located  as  follows: 
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Denver,  Colo.,  Chamber  of  Commerce  Building;  Salt  Lake,  Utah;  Los  Angeles,  Cal.,  IIOK  Braly  Build- 
ing; San  Franci.seo,  Cal..  417  Rialto  Building:  Phoenix,  Ariz.:  Carlslmd,  N.  Mex.;  El  Paso,  Tex.; 
Billings,  Mont.;  Great  Falls,  Mont.;  Uazen,  Nev.;  Boise,  Idaho;  Spokane,  Wash.,  424  Peyton  Block; 
Pendleton,  Oreg. 
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Clear  Creek  near  Elk,  Ala Irt9 

Black  Water  Creek  near  Jasi)er,  Ala 1 70 

Black  Warrior  River  ( locust  Fork)  at  Palos,  Ala 1 71 
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Pearl  River  drainage  basin 17 

Pearl  River  at  Jackson,  Miss I 

Minor  ICastern  (iulf  of  Mexico  drainage  basins 1S<» 
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Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrograpihc  Branch, 
Wa.Hhhi(jt(m,  D,  C,  April  k,  i905. 
Sir:  I  transmit  herewith  the  manuscript  of  Part  IV  of  a  series  of 
twelve  papers  which  compose  the  Report  of  Pi'ogress  of  Stream 
Measurements  for  the  Calendar  Year  1904.  Parts  I  to  VI  of  this 
report  contain  the  results  of  the  data  collected  in  the  territory  east  of 
Mississippi  River.  Parts  VII  to  XII  are  devoted  to  the  data  col- 
lected in  the  territory  west  of  the  Mississippi. 

The  larger  part  of  the  original  data  for  this  report  was  collected 
under  the  direction  of  District  Hydrographer  M.  R.  Hall,  who  was 
assisted  by  W.  E.  Hall,  J.  M.  Giles,  and  B.  S.  Dhme.  The  assembling 
of  the  data  and  its  preparation  for  publication  were  done  under  the 
direction  of  eJohn  C.  Hovt,  who  has  been  assisted  bv  R..  H.  Bolster, 

«.  7  ft'  7 

Robert  Follansbee,  Willis  Vj.  Hall,  A.  H.  Horton,  H.  D.  Comstock, 

and  H.  M.  Morse. 

I  request  that  this  manuscript  be  published  as  one  of  the  series  of 

Water-Supply  and  Irrigation  Papers. 

Very  respectfully, 

F.  H.  Newell,  Chief  Eyujineer. 

Hon.  Charles  D.  Walcott, 

Director  United  Staten  Geologiral  Survey. 
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PROGRESS    REPORT  OF  STREAM   MEASUREMENTS 

FOR  THE  CALENDAR  YEAR  1904. 


Bv  M.  R.  Hall  and  John  C.  Hoyt. 


IXTRODITCTIOX. 

The  hydrographic  work  of  the  United  States  Geological  Survey 
includes  the  collection  of  facts  concerning  and  the  study  of  conditions 
affecting  the  behavior  of  water  from  the  time  it  reaches  the  earth  as 
rain  or  snow  until  it  joins  the  oceans  or  great  navigable  rivers.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in 
the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo, 
N.  Mex.  Since  that  date  the  work  has  been  continually  and  gradually 
extended  as  larger  funds  became  available.  The  first  distinctive  appro- 
priation for  gaging  streams  was  made  by  the  act  of  August  18,  1894, 
which  contained,  an  item  of  $12,500,  "for  gaging  the  streams  and 
determining  the  water  supply  of  the  United  States,  including  the 
investigation  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections."     (Digest  of  Appropriations  for  1895,  p.  270.) 

Since  that  time  a  similar  act  has  been  passed  each  year  and  the 
appropriations  have  gradually  increased,  as  shown  in  the  following 
table: 

Annual  approjrrialions  for  hydrograjihic  guri^eys. 

Year  ending  June  30, 1895 .'. $12, 500 

Year  ending  June  30, 1896 25, 000 

Year  ending  June  30, 1897 50, 000 

Year  ending  June  :50, 1898 50,000 

Year  ending  June  30, 1899 50, 000 

Year  ending  June  SO,  1900 50, 000 

Year  ending  June  30, 1901 100, 000 

Year  ending  June  30, 1902 100, 000 

Year  ending  June  30, 1903 200, 000 

Year  ending  June  30, 1904 200, 000 

Year  ending  June  30, 1905 200, 000 

Year  ending  June  30, 1906 200, 000 

The  chief  feature  of  the  work  of  the  hydrographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  waters  and  the  conditions 
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affecting  the  same.  In  this  connection  other  information  that  may  be 
of  use  to  the  engineer  or  others  in  hydrographic  studies,  such  as  river 
profiles,  duration  and  extent  of  damage  by  floods,  water-power  data, 
etc.,  is  collected.  Furthc^rmore,  the  work  has  been  so  directed  that 
the  information  collected  will  be  of  direct  value  in  the  cx)mmercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  June  30,  1902,  the 
work  has  been  largely  extended  and  thoroughly  systeiliized.  The 
various  Sbites  have  been  grouped  into  districts,  each  of  which  is  under 
the  supervision  of  a  district  hydrogi-apher  who,  with  a  corps  of  assist- 
ants, devotes  his  whole  time  to  the  study  of  the  hydrographic  resources 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  prepa- 
ration for  publication  are  given  in  detail  in  Water-Supply  Paper  No. 
94.     (Hydrographic  Manual,  V .  S.  Geol.  Survey.) 

The  geneml  plan  of  stream  gaging  which  has  been  developed  is  to 
obtain  eventually  data  in  regard  to  the  flow  of  all  the  important  stream?, 
in  the  United  States.  With  this  in  view  gaging  stations  arc  e^tahlLshed 
at  points  where  the  data  will  be  of  greatest  commercial  value.  At 
these  stations  discharge  measurements  are  taken  from  time  to  time 
at  typical  river  stages,  and  the  daily  surface  fluctuation  is  obtained  by 
means  of  gage  readings.  From  these  two  factors  it  is  possible  to 
estimate  both  the  total  flow  and  its  distribution  through  the  perioti 
of  observation. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largely  upon  the  needs  of  each  local- 
ity. If  the  stream  is  to  be  used  for  water  j>ower,  special  efforts  are 
made  to  obtain  information  concerning  the  low-water  flow.  If  water 
is  to  l)e  stored,  the  high  waters  are  given  special  attention.  In  all  sec- 
tions certain  permant^nt  stations  are  maintained  for  general  statistical 
purposes  to  show  the  conditions  which  exist  through  long  |ieriods. 
They  also  act  as  primary  stations,  and  are  used  in  connection  with 
short  scries  of  measurements  to  determine  the  flow  in  particular 
portions  of  the  drainage  basin. 

(laging  stations  are  divided  into  two  general  classes:  First,  current- 
meter  stations,  and,  second,  weir  stations.  The  former  class  is  subdi- 
vided as  to  location  into  bridge,  cable,  boat,  and  wading  stations. 
Fig.  1  shows  a  cable  station  with  car,  tag  line,  inclined  gage,  etc.  In 
addition  to  the  bridge,  cable,  or  boat,  the  equipment  of  a  current- 
meter  gaging  station  consists  in  a  gage  for  determining  the  daily  fluc- 
tuations of  the  water  surface,  ])ench  marks  to  which  the  zero  of  the 
g-jige  is  referred,  and  permanent  marks  on  the  bridge  or  a  tagged  line 
indicating  the  points  of  measurement.  Where  the  current  is  swift 
some  appliance,  generally  a  secondary  cable,  is  necessary  to  hold  the 
meter  below  the  surface. 
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Gaging  stations  are  generally  Iwated  at  bridges,  if  the  channel  con- 
ditions are  satisfactory,  as  from  them  the  meter  can  be  easily  manipu- 
lated and  the  cost  of  the  equipment  is  comparatively  small.  The 
stations  are  located  as  far  as  possible  at  [>oints  where  the  channel  is 
straight,  both  above  and  below  the  gaging  section,  and  where,  there 
»re  no  ci-oss  currents,  backwater,  or  boil'.  The  bed  of  the  stream 
should  lie  as  clear  as  possible  from  large  projections  and  of  a  perma- 
nent character.  The  banks  should  be  high,  and  -should  overflow  at 
high  stages  only.  At  stations  with  shifting  beds  more  measurements 
are  made,  and  special  methods  of  computing  daily  discharges  are 
<'m|)loyed.  Groat  care  is  taken  in  the  selection  and  equipment  of 
gaging  stations,  in  order  that  the  data  may  have  the  required  degree 
of  accuracy. 

On  many  of  the  larger  rivers,  whei-e  water  power  is  developed  by 
daois,  estimates  of  fiow  are  obtained  by  ol>serving  the  head  on  the 
crest  and  using  a  weir  formula.  On  the  smaller  streams  sharp-crested 
weirs  are  in  some  cases  erected. 


FiQ.  ].  -  Cnble  xlatloii.  shonlnK  iiecllon  of  river,  car.  gage,  etc 

The  principal  instrument  used  in  stream -measurement  work  is  the 
current  meter,  by  which  the  velocity  of  the  flow  of  water  is  deter- 
mined. After  years  of  experience  the  Survey  has  adopted  the  Price 
current  meter  for  general  work.  This  meter,  as  is  shown  on  PI.  II,  is 
made  in  two  sizes,  known  as  the  large  ami  small  Price.  The  .small 
Price  has  been  largely  developed  by  the  ofiicers  of  the  Survey,  using 
the  Price  acoustic  meter  as  a  Imsis. 

A  discharge  measurement  is  the  determination  of  the  quantity  of 
water  flowing  past  a  certain  point  at  a  given  time.  This  quantity  is 
the  product  of  two  factors:  (1)  The  mean  velocity,  which  is  the  func- 
tion of  the  cross  se<'tion,  sui'face,  slope,  wetted  perimeter,  and  rough- 
ness of  bed;  (3)  the  area,  which  depends  upon  the  permanency  of  the 
lied  and  the  fluctuations  of  the  surface,  which  govern  the  depth. 

In  making  the  measurement  an  arbitrary  number  of  points  are  laid 
off  perpendicular  to  the  thread  of  the  stream  (see  fig,  1).  Thase  jioiiits 
are  usually  at  regular  intervals  varying  fn>ni  2  to  20  feet,  depending 
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upon  the  size  and  conditions  of  the  stream.  They  are  known  a> 
measuring  points,  and  at  them  the  observed  data,  the  velocities  ami 
soundings,  are  taken.  The  perpendiculars  dropped  from  the  meai^ur- 
ing  points  divide  thie  gaging  section  into  strips,  and  for  each  strip  or 
pair  of  strips  the  mean  velocity,  area,  and  discharge  are  determined 
independently;  thus  conditions  existing  in  one  part  of  the  stream  ai>' 
not  distributed  to  parts  where  they  do  not  apply. 

The  methods  of  obtaining  velocity  with  the  current  meters  which 
are  in  general  use  may  be  grouped  into  three  classes:  Single  point, 
multiple  point,  and  integration. 

The  single-point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity  or  at  an  arbitrary  depth  for 
which  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. Extensive  experiments  by  vertical  velocity-curves  show  that 
the  thread  of  mean  velocity  lies  at  from  0.5  to  0.7  of  the  total  depth. 
In  general  practice  the  thread  of  mean  velocit^^  is  considered  to  l>e  at 
0.6  depth,  and  it  is  at  this  depth  that  the  meter  is  held  in  the  majority 
of  the  measurements,  this  being  known  as  the  six-tenths  depth  method. 
It  is  found  by  a  large  number  of  vertical  velocity-curve  mea.surement<. 
taken  on  various  streams  and  under  various  conditions,  that  the  coeflB- 
cient  for  reducing  the  velocit}'^  obtained  at  sixth-tenths  depth  to  mean 
velocity  is  practically  unity,  ranging,  in  a  series  of  910  measurements 
made  at  39  gaging  stations,  between  0.94  and  1.04,  with  a  mean  for 
the  910  observations  of  1.00.  In  the  other  principal  single-point 
method  the  meter  is  held  near  the  surface,  usually  I  foot  lie  low,  or 
low  enough  to  be  out  of  the  action  of  the  wind  or  other  disturbiii«r 
influences.  This  is  known  as  the  subsurface  method.  The  coefficient 
for  reducing  the  velocities  taken  at  the  subsurface  has  beeu  found  by 
repeated  experiments  with  vertical  velocity -curves  to  be  from  0.^^5  to 
0.95,  depending  upon  the  depth  of  the  stream  and  velocity  and  channel 
conditions.  Thi>?  method  is  specially  adapted  for  flood  measurement -^ 
or  when  the  velocity  is  so  great  that  the  meter  can  not  be  kept  at  M.H 
depth. 

The  three  principal  multiple-point  methods  in  general  use  are:  Tlie 
verticjil  velocity  curve;  top  and  bottom;  and  top,  bottom,  and  mid 
depth.  In  the  vertical  velocity -curve  method  a  series  of  velocity 
determinations  are  taken  in  the  vertical  at  regular  intervals,  usually 
from  0.5  to  1  foot  apart.  By  platting  these  velocities  as  abscissas  and 
their  depths  as  ordinates,  and  drawing  a  smooth  curve  through  these 
points,  the  vertical  velocity-curve  is  produced,  which  shows  the 
change  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The 
mean  velocity'  in  the  vertical  is  then  obtained  by  dividing  the  depth 
into  the  area  bounded  by  this  mean  velocity  curve  and  the  initial  line. 
Owing  to  the  length  of  tune  it  takes  to  make  these  measurements,  they 
are  seldom  used  except  for  determining  coefficients  for  purpose^^i  of 
comparison  and  for  measurements  under  ice. 
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In  the  second  multiple-point  method  the  meter  is  held  from  0.5  to  1 
foot  below  the  surface  and  about  0.5  foot  above  the  bottom,  and  the 
mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  This  method  is  not  well  adapted  for  general  work, 
as  the  roughness  of  the  bottom  disturbs  the  velocity-  at  that  point. 
For  shallow  streams  with  comparatively  smooth  beds  good  results  are 
obtained  by  this  method.  In  the  third  multiple-point  method  the 
meter  is  held  at  mid  depth,  0.5  foot  below  the  surface,  and  0.5  foot 
aljove  the  bottom,  and  the  mean  velocity  is  determined  by  dividing  the 
.sum  of  the  top  velocity,  twice  the  mid-depth  velocity,  and  the  bottom 
velocity  by  4. 

The  vertical-integi-ation  method  consists  in  moving  the  meter  at  a 
slow,  imiform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  surface.  The  number  of  revolutions  and  the  time  taken  in  the 
opeiution  is  noted,  and  the  mean  velocity  is  found  by  dividing  the 
number  of  revolutions  by  the  number  of  seconds  taken  in  the  run. 
This  method  has  the  advantage  in  that  the  velocity  at  each  point  of 
the  vertical  is  measured  twice.  It  is  well  adapted  for  measurements 
under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  for  determining  the  discharge  of 
the  stream,  depends  upon  the  stage  of  the  river,  which  is  taken  on  a 
gage,  and  the  general  contour  of  the  bed  of  the  stream,  which  is  found 
by  sounding.  The  soundings  are  usually  taken  at  each  measuring  point 
at  the  time  of  the  discharge  measurement,  either  by  using  the  meter 
and  cable  or  by  a  special  sounding  line  or  rod.  For  stations  with  perma- 
nent beds  standard  cross  sections  are  usually  taken  during  lo\v  water. 
These  sections  serve  to  check  the  soundings  which  are  taken  at  the  time 
of  the  measurements,  and  from  them  any  change  which  may  have  taken 
place  in  the  bed  of  the  stream  can  be  detected.  They  are  also  used  for 
obtaining  the  area  for  use  in  high- water  measurement  computations, 
as  accurate  soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  veloci- 
ties and  depths  at  the  various  points  of  measurements  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  fig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for  either 
a  single  or  double  strip.  The  total  discharge  and  area  are  the  sums  of 
those  for  the  various  strips,  and  the  mean  velocity  is  obtained  by  divid- 
ing  the  total  discharge  by  the  total  area. 

The  volume  of  water  flowing  in  a  stream  is  known  as  run-off.  In 
expressing  it  various  units  are  used,  depending  upon  the  kind  of  work 
for  which  the  data  are  needed.  Those  used  in  this  report  are  "second- 
feet,"  '^ acre-feet,"  ''run-off  per  square  mile,"  and  "  run-off  in  depth 
in  inches,"  and  may  be  defined  as  follows: 

''Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  is 
the  body  of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a 
rate  of  1  foot  per  second. 
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The  ''acre-foot"  Is  the  unit  of  capacit}'  used  in  connection  with 
stomge  for  irrigation  work,  and  is  equivalent  to  43,560  cubic  feet-  It 
is  the  quantity  required  to  cover  an  acre  to  a  depth  of  1  foot.  There 
is  a  convenient  relation  between  the  second-foot  and  the  acre-foot:  1 
second-foot  flowing  for  twenty-four  hours  will  deliver  86,4^^)  cubit- 
feet,  which  equals  1.9885  acre-feet,  or,  approximately,  2  acre-feet. 

The  expression  "second-feet  per  square  mile"'  means  the  averag*" 
numl)er  of  cubic  feet  of  water  flowing  each  second  from  every  square 
mile  of  drainage  area,  on  the  assumption  that  the  run-oflf  is  uniformly 
distributed. 

"Depth  in  inches''  means  the  depth  of  water  in  inches  that  would 
have  covered  the  drainage  area,  imiformly  distributed,  if  all  the  water 
could  have  accumulated  on  the  surface.  This  quantity  is  used  for 
comparing  run-ofl'  with  rainfall,  which  quantity  is  usually  given  in 
depth  in  inches. 

It  should  be  noticed  that  "acre-feet""  and  "depth  in  inches*'  repre- 
sent the  actual  quantities  of  water  which  are  produced  during  the 
periods  in  question,  while  "second-feet,''  on  the  contraiT,  is  nieivly  a 
rate  of  flow  per  second. 

The  base  data  for  computing  the  daily  discharge  of  astreaui  are  tlie 
daily  gage  heights  and  the  various  discharge  measurements,  of  which 
there  should  be  sufficient  number  to  cover  the  range  of  stage.  The 
fundamental  laws  upon  which  these  computations  are  based  are  the 
following: 

(i)  The  discharge  will  remain  constant  so  long  as  the  conditions  at 
or"  near  the  gaging  station  remain  constant; 

(2)  Neglecting  the  change  of  slope  due  to  the  rise  and  fall  of  the 
stream,  the  discharge  will  be  the  same  whenever  the  stream  is  at  a 
given  stage;  and 

(3)  The  discharge  is  both  a  function  of,  and  in<'reases  gradually  with, 
the  gage  heights.     (2  and  3  depend  on  1.) 

As  the  beds  of  many  streams  are  changeable,  the  problem  divide> 
itself  into  two  classes:  (1)  Those  of  streams  with  permanent,  or  prac- 
tically permanent,  beds,  and  (2)  those  of  streams  with  changeable  beds. 
The  base  data  and  methods  of  obtaining  them  are  the  same  for  either 
class,  and  it  is  only  in  the  computation  of  the  mean  dail}'  flow  that 
different  methods  are  necessar}'. 

In  determining  the  daily  disc^harge  of  streams  witb  permanent  l>ed> 
the  results  of  the  discharge  measurements  are  plotted  on  cross-section 
paper,  with  gage  heights  as  ordinates  and  discharges  as  abscissa •<. 
Through  these  points  a  smooth  curve  is  drawn,  w^hich  shows  the  dis- 
charge for  any  gage  height,  and  from  which  a  rating  table  is  prepaivd. 
Aside  from  plotting  the  discharge,  the  mean  velocity  and  area  deter- 
mined for  each  discharge  measurement  are  plotted.  Through  thesi* 
points  the  curves  of  mean  velocity  and  of  area  are  drawn,  and  the 
rating  curve  is  largeh'  determined  by  taking  the  product  of  the  mean 
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N^locit}'  and  the  area  at  various  stages  as  determined  by  these  curves. 
These  curves  of  mean  velocity  and  area  are  of  special  value  to  determine 
the  location  of  the  rating  curve  for  stages  at  which  actual  discharge 
measurements  are  not  available  and  for  extending  the  discharge  curve 
outside  the  limits  of  the  measurements.    In  the  preparation  of  the  rating 
table  the  discharge  for  each  tenth  or  half  tenth  on  the  gage  is  found 
fron)  the  curve.     The  first  and  second  differences  of  these  discharges 
arc  then  taken  and  adjusted  according  to  the  law  that  they  shall  either 
be  constant  or  increasing,  never  decreasing.     The  discharges  in  the 
table  are  then  changed  in  accordance  with  these  adjusted  differences. 
In  making  up  the  station-rating  curve  the  individual  discharge  meas- 
urements and  the  conditions  under  which  they  were  taken  are  carefully 
studied,  in  order  that  proper  weight  shall  be  given  to  each  measure- 
ment.    Rating  curves  in  general  take  the  form  of  a  parabola,  and  as  a 
rule  the  high -water  portion  of  the  curve  approaches  a  straight  line. 
For  stations  of  pt^.rmanent  character  the  results  of  the  measurements 
from  year  to  year  should  be  within  5  per  cent  of  the  curve,  with  the 
exception  of  those  taken  during  high  water,  when  the  probable  error 
may  be  as  high  as  10  per  cent. 

The  determination  of  the  daily  discharge  of  streams  with  change- 
able beds  is  difficult,  and  unless  frequent  discharge  measurements 
lire  made  the  results  obtained  are  only  roughly  approximate.  For 
streams  with  continuall}'  shifting  beds,  such  as  Colorado  River  and  the 
Rio  Grande,  discharge  measurements  are  made  every  two  or  three 
days,  and  the  discharges  for  the  intervening  days  are  obtained  by 
interpolation,  modified  b}^  the  gage  heights  for  these  da^'s.  For  sta- 
tions with  beds  which  shift  slowly,  or  are  only  materially  changed 
during  floods,  station-rating  curves  and  tables  can  be  prepared  for  the 
periods  between  changes,  and  satisfactory  results  can  be  obtained  with 
two  or  three  measurements  a  month,  providing  measurements  are 
taken  soon  after  the  changes  take  place. 

In  determining  the  flow  for  periods  when  the  streams  are  frozen, 
special  rating  curves  and  tables  have  to  be  prepared  from  measure- 
ments taken  under  these  conditions.  The  methods  of  constructing 
these  curves  and  tables  are  the  same  as  for  open  sections.  The  dis- 
charge measurements,  however,  are  either  taken  by  integration  in 
verticals  or  by  the  vertical  velocity-curve  method,  as  sufficient  experi- 
ments have  not  been  made  on  ice-covered  streams  lo  determine  the 
laws  which  govern  the  position  of  the  thread  of  mean  velocity. 

The  Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  1904,  of  which  this  is  Part  IV,  is  published  in  a  series  of  twelve 
Water-Supply  Papers,  Nos.  124-135,  inclusive,  under  the  following 
subtitles: 

Part  1.  Atlantic  coast  of  New  England  drainajre. 

Part  2.  Hudson,  Passaic,  Raritan,  and  Delaware  River  drainages. 
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Part  3.  Susquehanna,  Patapsco,  Potomac,  James,  Roanoke,  Cape  Fear,  and  Yadkin 
River  drainages. 

Part  4.  San  tee,  Savannah,  Ogeechee,  and  Altamaha  rivers  and  Eastern  Gulf  uf 
Mexico  drainage. 

Part  5.  Eastern  Mississippi  River  drainage. 

Part  6.  Great  Lakes  and  St.  Lawrence  River  drainage. 

Part  7.  Hudson  Bay,  Minnesota,  Wapsipinicon,  Iowa,  Des  Moines,  and  Missouh 
River  drainages. 

Part  8.  Platte,  Kansas,  Meremac,  Arkansas,  and  Red  River  drainages. 

Part  9.  Western  Gulf  of  Mexico  drainage. 

Part  10.  Colorado  River  and  Great  Basin  drainage. 

Part  11.  The  Great  Basin  and  Pacific  Ocean  drainage  in  California, 

Part  12.  Columbia  River  and  Puget  Sound  drainage. 

The  territory  covered  by  each  paper  is  given  in  the  subtitle,  and 
the  larger  drainages  are,  for  convenience  in  arrangement,  subdivided 
into  smaller  ones,  under  which  the  data  are  arranged,  as  far  as  prac- 
ticable, geographically. 

These  papers  contain  the  data  that  have  been  collected  at  the  regular 
gaging  stations,  the  results  of  the  computations  based  upon  the  obser- 
vations and  such  other  information  that  has  been  collected  that  ha^s  a 
direct  bearing  on  these  data  including,  as  far  as  practicable,  descrip- 
tions of  the  drainage  areas  and  the  streams  draining  them. 

For  each  regular  station  are  given,  as  far  as  available,  the  following 
data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

6.  Table  of  estimated  monthly  and  yearly  discharges  and  run-off. 

The  descriptions  of  stations  give,  as  far  as  possible,  such  general 
facts  about  the  locality  and  equipment  as  would  enable  the  reader  to 
find  the  station  and  use  the  same.  They  also  give,  as  far  as  possible, 
a  complete  history  of  all  the  changes  that  have  occurred  since  the 
establishment  of  the  station  that  would  be  factors  in  using  the  data 
collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year.  This  includas  the  date,  the 
hydrographer's  name,  the  gage  height,  and  the  discharge  in  second- 
feet. 

The  table  of  daily  gage  heights  gives  for  each  day  the  mean  height 
of  the  surface  of  the  river  as  found  from  the  mean  of  the  gage  read- 
ings taken  on  that  day.  At  most  of  the  stations  the  gage  is  read  in 
the  morning  and  in  the  evening. 

The  rating  table  gives  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights. 

In  the  table  of  estimated  run-off  the  column  headed  ''Maximum" 
gives  the  mean  flow  for  the  day  when  the  mean  gage  height  was  the 
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highest,  and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean 
gage  height.  As  the  gage  height  is  the  mean  for  the  day,  there  might 
have  bcien  short  periods  when  the  water  was  higher  and  the  corre- 
sponding discharge  larger  than  given  in  this  column.  Likewise  in  the 
column  of  "Minimum"  the  quantity  given  is  the  mean  flow  for  the 
day  when  the  mean  gage  height  was  lowest.  The  column  headed 
*"Mean"  gives  the  average  flow  for  each  second  during  the  month. 
Upon  this  mean  the  computations  for  the  three  remaining  columns 
which  are  defined  on  pages.ll  and  12  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  gen- 
eral and  special  rules  have  been  used: 

FandamenUd  rules  for  comjyiUalion. 

1.  The  highest  degree  of  precision  consistent  with  the  rational  use  of  time  and 
money  is  imperative. 

2.  All  items  of  computation  should  in  general  be  exi)ressed  by  at  least  two  and  by 
not  more  than  four  significant  figures. 

3.  Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  discharge  curve 
'whose  per  cent  of  error  is  5  times  the  average  per  cent  error  of -all  the  other  meas- 
urements should  be  rejectee!. 

4.  In  reducing  the  number  of  significant  figures,  or  the  number  of  decimal  places, 
by  dropping  the  last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the"  place  to  be  rejected  is  less  than  5,  drop  it  without 
changing  the  preceding  figure.     Example:  1,827.4  becomes  1,827. 

(b)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  5,  drop  it  and 
increase  the  preceding  figure  by  1.     Example:  1,827.6  becomes  1;828. 

(c)  When  the  figure  in  the  plac^e  to  be  rejected  is  5,  and  it  is  preceded  by  an  even 
figure,  drop  the  5.     Example:  1,828.5  becomes  1,828. 

(d)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  odd 
figure,  drop  the  5  and  increase  the  preceding  figure  by  1.  Example:  1,827.5 
Ixjcomes  1,828. 

5.  In  constructing  and  applying  rating  tables  a  maximum  limit  of  one-half  per 
cent  error  should  seldom  be  exceeded. 

Special  rules  for  computation. 

1.  Rating  tables  are  to  be  constructed  as  close  as  the  data  upon  which  they  are 
based  will  warrant.  No  decimals  are  to  be  used  when  the  discharge  is  over  50 
second- feet. 

2.  Daily  discharges  shall  be  applied  directly  to  the  gage  heights  as  they  are 
tabulated. 

3.  Monthly  means  are  to  V)e  carried  out  to  one  decimal  place  when  the  quantities 
are  below  100  second-feet.  Between  100  and  10,000  second-feet,  the  last  figure  in 
the  monthly  mean  shall  be  a  significant  figure.  This  also  applies  to  the  yearly 
mean. 

4.  Second-feet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall 
be  carried  out  at  least  to  three  significant  figures,  except  in  the  case  of  decimals, 
where  the  first  significant  figure  is  preceded  by  one  or  more  "0,"  when  the  quantity 
shall  be  carried  out  to  two  significant  figures.  Example:.  1.26;  .125;  .012;  .0012. 
The  yearly  means  for  these  quantities  are  always  to  be  expressed  in  three  significant 
figures  and  at  least  two  decimal  places. 
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The  results  of  the  stream  measurements  made  during  previous  y4»ar> 
by  the  United  States  Geological  Survey  can  be  found  in  the  following 
Survey  publications.  A  detailed  index  of  the  reports  for  y^eai-s  previ- 
ous to  1904  is  given  in  Water-Supply  Paper  No.  119. 

1888.  Tenth  Animal  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteentli  Annual  Rejwrt,  Part  II. 

1895.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Rejiort,  Part  IV. 

1897.  Water-Supply   Papers  Nos.    15  and   16;    Nineteenth   Annual    Re]"jrt, 

Part  IV. 

1898.  Water-Supply    Papers    Nos.    27  an<l   28;    Twentieth    Annual    Ro|H»rt. 

Part  IV. 

1899.  Water-Supply  Pa|)ers  Nos.    35   to  39,    inclusive;  Twenty-first    Annual 

P^>IM)rt,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty-second  Annua: ' 

Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Pa[>er8  Nos.  (55  and  75. 
West  of  Mississippi  River,  Water-Supply  Pajx^rs  Nos.  6(>  and  75. 

190*2.  East  of  Mis.sissippi  River,  Water-Supply  Papers  Nos.  82  and  H3. 
West  of  Missi8sipi)i  River,  Water-Supply  Papers  Nos.  84  and  85. 

1903.  Ea.Ht  of  Mississippi  River,  Water-Supply  Pajwrs  Nos.  97  anrl  98. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  9i)  and  100. 

1904.  E«J»t  of  ^lississippi  River,  Water-Supply  Papers  Nos.  124  to  129,  inHu.^i\v. 
West    of  Mississippi    River,    Water-Supply  Papers  Nos.    130   tr>    l.yj, 

inclusive. 

A  limited  number  of  these  are  for  free  distribution,  and  as  long  sis 
the  supply  lasts  the}'^  ina}^  be  obtained  by  application  to  the  Director 
United  States  Geological  Survey  or  to  member*?  of  Congress.  Other 
copies  are  filed  with  the  Superintendent  of  Public  Documents,  Wash- 
ington, D.  C,  from  whom  they  may  l)e  had  at  prices  slightly  al)ove 
cost.  Copies  of  Government  publications  are,  as  a  rule,  furnished  to 
the  public  libraries  in  our  large  cities,  where  they  nia^'^  be  consulted 
b}'^  those  interested. 

CDOPKRATION   AXD   ACKNOWLEDGMENTS. 

Most  of  the  measurements  presented  in  this  paper  have  l)een  obtained 
through  local  hydrographers.  Acknowledgment  is  extended  to  other 
persons  and  corporations  who  have  assisted  local  hydrographers  or  have 
cooperated  in  any  way,  either  by  furnishing  records  of  the  height  of 
water  or  l)y  assisting  in  transportation. 

The  following  list,  arranged  alphabetically  by  States,  gives  the  name.< 
of  the  resident  hydrographers  and  others  who  have  assisted  in  furnish- 
ing and  preparing  the  data  contained  in  this  report: 


HALL  and! 
HOYT. 


]  SANTKE    RIVER    DRAINAGE    BASIN.  17 


Alaffama. — District  hydrojfrapher,  M.  R.  Han,«  assisted  by  J.  M.  Giles,  W.  E.  Hall, 
anil  B.  8.  Drane.  Dr.  E.  A.  Smith,  State  geologist,  has  paid  the  salaries  of  river 
observers  at  Beck,  Pera,  Stunievant,  Jenifer,  Riverside,  Nottingham,  Elk-,  and  Cen- 
terville.  Gage  heights  were  furnished  by  the  Corps  of  Engineers,  U.  S.  Army,  for 
Palofl,  Cordova,  and  Tuscaloosa,  and  by  the  United  States  Weather  Bureau  observer, 
F.  P.  Chaffee,  for  Selma  and  Montgomery. 

(ieorgia. — District  hydrographer,  M.  R.  Hall,  assisted  by  J.  M.  Giles,  W.  E.  Hall, 
B.  S.  Drane,  F.  A.  Murray,  and  O.  P.  Hall.  Prof.  W.  S.  Yeates,  State  geologist,  has 
paid  the  salaries  of  river  observers  at  Tallulah  Falls,  Groveland,  Davisboro,  Reids- 
ville,  Milledgeville  (i>art  of  year),  Greensboro,  Buckhead,  Flo  villa,  Lithonia,  Coving- 
ton, Norcross,  Demorest,  Freemans,  Cantons,  Carters,  and  Cartecay.  J.  M.  Young- 
bloo<i  has  furnished,  without  cost,  gage  heights  for  Augusta.  The  following  United 
States  Weather  Bureau  officials  have  furnished  gage  heights  for  the  United  States 
Weather  Bureau  stations,  ajs  noted  in  the  description  of  stations:  D.  Fisher,  Augusta, 
(^a. ;  J.  B.  Marbury,  Atlanta,  Ga. ;  and  J.  R.  Weeks,  Macon,  Ga.  Transportation  has 
been  furnished  by  J.  S.  B.  Thompson,  general  agent  of  the  Southern  Railway;  by 
K.  Berkley,  superintendent  of  the  third  division  of  the  Seaboani  Air  Line  Railway; 
by  Thomaa  K.  Scott,  general  manager  of  the  Georgia  Railroad;  by  James  T.  Wright, 
vice-president  and  general  manager  of  the  Macon,  Dublin  and  Savannah  Railroad; 
by  J.  H.  Ellis,  vice-president  and  general  manager  of  the  Atlanta,  Knoxville  and 
Northern  Railway;  by  C.  A.  Wickersham,  president  and  general  manager,  Atlanta 
anil  West  Point  Railway  and  Western  liailway  of  Alabama;  by  W.  L.  Mapother, 
aK'^istant  to  president  of  Ix>uisville  Railroad.  The  above  transportation  was  not 
confined  to  the  State  of  Georgia,  but  was  also  furnished  for  the  States  of  South 
C'arolina,  Alal>ama,  Mississippi,  and  Tennessee. 

Mississippi, — District  hydmgrapher,  M.  R.  Flail,  assisted  by  J.  M.  (xiles  and  W.  E. 
Hall.  Gage  heights  were  furnished  by  the  United  States  Weather  Bureau  officials 
for  the  stations  at  Yazoo  City  and  Columbus. 

Xorth  Carolina. — District  hydrographer,  M.  R.  Hall,  assisted  by  J.  M.  Giles,  B.  S. 
Drane,  and  O.  P.  Hall.  Dr.  C.  A.  Schenck,  director  of  the  Biltmore  School  of  For- 
(»8try,  paid  the  gage  readers  at  Davidsons  River,  Sitton,  and  Pinkl)ed. 

Situlk  Carolina, — District  hydrographer,  M.  R.  Hall,  assisted  by  J.  M.  Giles,  W.  E. 
Hall,  B.  S.  Drane,  and  F.  A.  Murray. 

SANTEK  RIVER  DRAINAGE  BA8IN. 

Santee  River  is  formed  in  the  central  part  of  South  Carolina  by 
the  junction  of  Congaree  and  Wateree  rivers,  flows  southeast,  and 
enters  the  Atlantic  Ocean  about  10  miles  north  of  Cape  Romain.  It 
has  a  total  length  of  about  180  miles  (following  the  course  of  the  river) 
and  drains  an  area  of  about  15,000  square  miles.  It  is  a  navigable 
stream  for  its  entire  length,  and  of  course  ofl^ers  no  opportunities  for 
the  development  of  power. 

Wateree  River,  the  more  northerly  of  the  two  parent  streams,  rises 
on  the  eastern  slope  of  the  Blue  Ridge,  in  McDowell  County,  N.  C, 
and  flows  first  northeast  and  then  east,  then  bends  abruptly  southeast 
and  flows  in  this  general  direction  across  the  south-central  portion  of 
North  Carolina  and  across  the  north-central  part  of  South  Carolina  to 
its  junction  with  the  Congaree,  practically  paralleling  the  course  of 
Yadkin  and  Pedee  rivers.  This  stream,  throughout  its  course  in 
North  Carolina,  and  also  through  that  part  of  its  course  in  South  Caro- 
lina above  the  mouth  of  Wateree  Creek,  is  known  as  Catawba  River. 

a  office  of  district  hydrographer  for  South  Atlantic  States,  409  Temple  Court,  Atlant^i,  Ga. 
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The  total  length  of  the  stream  is  about  270  miles  in  a  straig-ht  line,  and 
about  450  miles  when  all  the  windings  are  followed. 

The  Wateree  is  navigable  as  far  as  Camden,  but  above  that  point 
the  fall  is  so  great  that  navigation  is  impracticable.  In  Is^fi  a^i 
following  years  the  State  of  South  Carolina  spent  large  sums  in  th»^ 
attempt  to  render  the  river  navigable  by  means  of  locks  and  dani^. 
Some  large  and  important  works  were  constructed  at  great  expense. 
but  the  undertaking  was  abandoned  before  their  completion. 

The  drainage  basin  resembles  that  of  the  Yadkin  in  man\'  rei?pect?. 
the  upper  portion  of  the  stream  flowing  between  parallel  ranges  nf 
mountains,  from  which  it  receives  man}'  tributaries,  aflfording-  moi-h 
power.  The  average  width  of  the  valley  of  the  main  stream  in  North 
Carolina  is  only  from  15  to  20  miles,  and  the  fall  in  the  main  stream 
is  considerable.  The  greater  part  of  the  drainage  basin  is  hilly,  aiul 
the  upper  portions  are  mountainous.  A  number  of  the  tributarv 
streams  rise  and  flow  for  almost  their  entire  length  in  high  mountain^. 
About  65  per  cent  of  the  upper  part  of  the  basin  is  in  forest.  Lin- 
ville  and  John  rivers,  the  principal  tributaries  in  North  Carolina, 
flow  in  country  of  this  character,  and  their  basins  are  almast  entin^ly 
forested. 

Wateree  River  crosses  the  fall  line  about  5  miles  above  Camden. 
S.  C,  in  ra^ds  about  5  miles  in  length,  with  a  total  fall  of  about  r»i* 
feet.  The  Great  Falls  of  the  Catawba  are  some  distance  above.  This 
is  the  largest  power  in  South  Carolina,  and  one  of  the  largest  in  the 
Southern  States,  the  available  fall  being  173  feet. 

The  average  rainfall  in  the  basin  is  about  50  inches,  the  annual  total 
increasing  as  the  stream  is  ascended.  The  greatest  flood  ever  expe- 
rienced on  the  river  was  in  May,  1901,  the  gage  reading  at  the  Rc*ck- 
hill  station  being  24.15  feet,  and  the  measured  discharge  nearly  151,<h»<' 
second-feet,  or  nearl}^  50  second-feet  per  square  mile  from  the  dniinatfe 
basin  above  the  station.  The  greatest  flood  previously  experienced 
on  the  stream  was  in  1865.  This  was  only  about  2  feet  lower  than  the 
flood  of  May,  1901,  on  the  lower  part  of  the  river,  but  the  May  ri^^ 
exceeded  all  previous  records  on  the  upper  portion  of  the  riv^er  by 
from  8  to  15  feet. 

The  mininmm  flow  rccoixied  for  the  Kockhill  station  is  1,300  second- 
feet,  or  about  0.43  second-foot  per  square  mile.  This  occurred  in 
September,  1895  and  1896.  The  maximum  flow  is  about  llt>  times  the 
minimum.  During  1904  the  minimum  flow  was  810  second-feet  at  the 
Catawba  station.  This  was  due  to  the  storing  of  water  at  the  new- 
dam  near  Rockhill. 

The  Congaree,  the  second  and  more  southerly  of  the  two  streams 
which  by  their  union  form  the  Santee,  is  formed  by  the  junctio'n  of 
Broad  and  Saluda  rivers  between  Lexington  and  Richland  counties. 
S.  C,  whence  it  flows  in  a  general  southeasterly  direction,  but  in  a  very 
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tortuous  channel,  for  about  60  miles  to  its  junction  with  the  Wateree. 
The  stream  is  navigable  to  Columbia,  the  capital  of  the  State.  There 
it  crosses  the  fall  lino,  giving  rise  to  a  very  tine  water  power,  the  only 
one  on  the  stream,  which  is  being  extensively  used  in  the  manufactur- 
ing enterprises  of  Columbia. 

Broad  River  rises  on  the  eastern  slope  of  the  Blue  Ridge  near 
Hickory  Nut  Gap,  in  the  southw^estern  part  of  McDowell  County  and 
the  northeastern  part  of  Henderson  Count}^,  N.  C,  and  flows  in  a 
gfeneral  southeasterly  direction  across  a  portion  of  south-central  North 
C'arolina  and  north-central  South  Carolina  to  its  junction  with  the 
Saluda  at  Columbia.  The  length  of  the  river  in  a  straight  line  is 
ak)ut  128  miles,  but  it  is  much  greater  if  the  course  of  the  river 
is  followed. 

In  general  character  the  drainage  basin  closely  resembles  those  of 
the  Yadkin  and  the  Catawba.  It  lies  entirelv  above  the  fall  line,  is 
without  lakes,  and  is  well  wooded,  especially  in  the  upper  portion,  and 
the  soil  is  generally  loose  and  porous. 

The  rainfall  of  the  basin  averages  about  51  inches,  of  which  about 
18  inches  fall  in  spring,  the  same  in  summer,  about  10  in  autumn,  and 
a])out  15  in  winter.  It  is  probable  that  the  precipitation  in  the  region 
about  the  headwaters  is  much  greater  than  these  amounts  indicate. 

The  maximum  flood  recorded  at  the  Alston  station  on  this  stream, 
25  miles  above  Columbia,  occurred  in  May,  1901,  the  estimated  dis- 
charge being  131,000  second-feet,  equivalent  to  about  28  second-feet 
per  square  mile.  The  minimum  flow  recorded  at  the  same  place  is 
1,250  second- feet,  equiv^alent  to  0.27  second-foot  per  square  mile. 
This  occurred  during  October,  1904.  The  maximum  flow  is  therefore 
about  105  times  the  minimum. 

Saluda  River  is  formed  in  western  South  Carolina  by  the  junction 
of  the  North,  South,  and  Middle  forks,  anJ  flows  southeast  to  its  junc- 
tion with  Broad  River,  the  length  of  the  stream  being  about  110  miles 
in  a  straight  line.  The  three  forks  are  mountain  streams,  and  the 
character  of  the  drainage  basin  is  similar  to  that  of  Broad  River. 

The  average  rainfall  over  the  basin  of  the  stream  is  51  inches,  the 
amount  and  seasonal  distribution  being  similar  to  that  on  the  Broad. 
The  maximum  flood  recorded  at  the  Waterloo  station  on  this  stream 
occurred  in  February,  1902,  the  rise  being  23  feet  above  low  water, 
and  the  estimated  discharge  being  about  18,500  second-feet,  equiva- 
lent to  about  18  second-feet  per  square  mile.  The  minimum  dis- 
charge so  far  recorded  is  200  second-feet,  or  about  0.19  second- foot 
per  square  mile.  This  occurred  during  October,  1904.  The  maximum 
discharge  is  therefore  about  108  times  the  minimum. 

The  following  pages  give  the  results  of  the  data  collected  in  this 
drainage  during  1904. 
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CATAWBA    RIVER  NEAR  CATAWBA,  8.  C. 

This  8tation  was  established  in  order  to  continue  the  records  on 
Catawba  River  after  the  Rockhill  station  had  been  abandoned.  No 
very  favorable  section  was  found,  but  this  one  was  selected  as  the 
most  available  one,  and  a  temporary  gage  was  put  in  by  J.  M.  Giles 
on  September  11,  1903,  in  order  to  start  the  gage-height  records. 

The  station  is  located  at  the  bridge  of  the  Southern  Railway,  2  milej* 
southeast  of  Catawba,  S.  C,  and  about  2  miles  below  the  crossing  of 
the  Seaboard  Air  Line  Railway.  The  deck  bridge,  from  which  meas- 
urements are  made,  is  a  three-span  wooden-lattice  structure  about  52* » 
feet  long,  with  250  feet  of  trestle  approach  on  right  bank  and  16(1  feet 
on  the  left  bank.  At  ordinary  stages  the  river  is  about  490  feet  wide: 
at  high  stages  the  banks,  which  are  rather  high,  will  ovei"flow  to  some 
extent,  but  all  water  will  pass  under  the  bridge  and  its  approaches. 
The  bed  is  partl}^  rock  and  will  probably  shift  little.  The  channel  i> 
straight  above  and  below  tlie  bridge.  The  current  is  sluggish  at  low 
water — rather  too  nmch  so  for  accurate  work.  The  bridge  is  not  quite 
at  right  angles  with  the  current  and  corrections  are  made  to  the 
widths  in  computing  measurements. 

The  measurements  are  made  from  a  plank  footway  on  the  lower 
members  of  the  bridge.  The  initial  point  for  soundings  is  the  river 
edge  of  the  capstone  on  the  left  bank  pier.  The  gage  is  a  vertical 
1  by  4  inch  timber,  reading  from  zero  to  12  feet,  and  consists  of  two 
5-foot  sections  and  a  2-foot  section  fastened  to  a  3  by  10  inch  timber, 
which  is  driven  into  the  bed  of  the  river  and  spiked  to  a  willow  tree. 
It  is  located  on  the  left  bank  of  the  river,  about  85  feet  above  the 
bridge.  A  second  section  of  gage  is  attached  to  a  tree  on  bank  of 
small  branch,  about  200  feet  from  river,  and  the  same  distance  shove 
the  bridge.     This  section  extends  from  12  to  27  feet. 

Bench  mark  No.  1  is  the  top  of  the  joint  plate  on  the  upstream 
bottom  chord,  at  a  point  44  feet  from  the  initial  point.  Its  elevation 
is  31.70  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  stand- 
ard copper  plug  set  in  a  solid  rock  projecting  from  water  in  river 
about  200  feet  above  the  bridge,  and  opposite  point  240  feet  from 
initial  point.     Its  elevation  is  5.73  feet  above  the  zero  of  the  gage. 

The  observer  is  J.  Y.  Brice,  who  is  convenientlv  located  at  the 
milroad  pump  house  near  by.  During  1904  the  gage  was  read  twico 
each  day. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer.. 
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IHacharge  measurements  of  Catawba  River  near  Catawba j  S.  C,  in  190S  and  1904. 


Date. 

1903. 
August  10  - . . 
September  11 
October  23... 
December  11. 


Hydrographer. 


Width. 


J.  M.  Giles 

do  .... 

do  .... 

do  .... 


.  I 


1904. 
March  7 . . 
March  8«. 
March  9a. 


J.  M.  Giles 

do  .... 

do  .... 


March  21 i do 


do 
do 


May  7 

July  25 

September  12  ..' do 

November  21 do 


Feet. 
385 
389 
378 
375 

392 
366 
355 
379 
393 
415 
426 
436 


Area  of 
section. 


Mean 
velocity 


Square  feet. 
2,682 
2,989 
2,646 
2,649 

3,641 
3,855 
3,887 
3,086 
3,291 
3,348 
3, 036 
3, 345 


Feel  per  aec. 
0.93 
1.32 

.85 
.78 

1.76 

5.22 

4.53 

.95 

1.00 

1.14 

.33 

.58 


heriht.      Discharge. 


Feet.      '  Second-feet. 

2.  52  2, 506 

3. 02  3, 944 

2.  30  2,  253 

2.40  i  2,057 


4.00 
8.20 
7.85 
2.75 
2.90 
2.98 
1.65 
2.22 


6,421 
20,130 
17,610 
2,943 
3, 279 
3,806 
1,016 
1,926 


a  Taken  at  Seaboard  Air  Line  Railway  bridge. 
Afmn  daily  gage  height  ^  in  feet  j  of  Catawba  River  near  Catawba  j  S.  C,  for  1904. 


Day. 

Jan. 

2.40 
2.30 
2.30 
2.  SO 
2.80 
2.20 
2.10 
2.20 
2.40 
2.40 
2.40 
2.30 
2.30 
2.20 
2.00 
2.10 
2.30 
2.20 
2.20 
2.40 
2.40 
2.60 
3.60 
3.90 
3.00 
3.00 
l.f)0 
2.60 
2.00 
1.50 
2.40 

Feb. 

Mar. 

Apr. 

2. 75 
2. 75 
2.60 
2.66 
2.60 
2.65 
2.60 
2.60 
2.70 
2.80 
3.20 
2.95 
2.75 
2.65 
2.55 
2.60 
2.60 
2.55 
2.55 
2.45 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.70 
2.65 
2.75 
2.55 

May. 

2.50 
2.45 
2.35 
2.45 
2.80 
3.35 
2.95 
2.80 
2.80 
3.35 
4.70 
3.85 
3.30 
3.00 
3.10 
3.30 
2.90 
2.75 
2.70 
3. 15 
3.00 
2.75 
2.55 
2.40 
2.35 
2.40 
2.35 
2.30 
2.25 
2.20 
2.a5 

June. 

July. 

5.50 
3.&5 
3.00 
2.65 
2.50 
2.35 
2.30 
2.35 
2.25 
2.35 
2.40 
2.35 
2.90 
2.70 
2.20 
2.10 
2.10 
2.35 
2.05 
2.a5 
1.95 
2.35 
2.85 
2.90 
2.95 
2.40 
2.65 
2.95 
4.30 
4.a5 
8.05 

Aug. 

3.35 
4.00 
4.70 
3.70 
3.40 
4.60 
4.05 
10.05 
6.55 
5.40 
4.95 
7.50 
5.75 
3.75 
3.06 
4.70 
5.10 
3,00 
2.65 
2.55 
2.90 
2.60 
2.  .55 
2.50 
8.30 
4.20 
5.85 
6.60 
4.30 
2.90 
2.60 

Sept. 

2.90 
3.30 
4.00 
3.25 
4.a5 
5.40 
3.65 
2.80 
2.45 
2.65 
3.85 
1,70 
2.30 
2.15 
2.20 
2.15 
2.20 
2.10 
2.15 
1.95 
2.10 
1.95 
1.95 
2.00 
1.86 
1.95 
2.20 
2.00 
1.65 

1.60 

1 

Oct. 

Nov. 

1.85 
1.85 
1.80 
2. 15 
3.15 
2.46 
2.85 
2.45 
2.15 
2.a5 
2.00 
1.90 
8.00 
4.90 
4.ft5 
3.05 
2.60 
2.30 
2.15 
2.20 
2.85 
2.15 
2.10 
2.15 
2.30 
2.15 
2. 15 
2.16 
1.95 
1.95 

Dec. 

• 

1 

3.00 
3.20 
2.30 
2.30 
2.30 
2.30 
2.60 
2.90 
3.50 
3.30 
3.20 
3.00 
2.20 
2.50 
2.50 
2.90 
2.30 
2.30 
2.40 
3.40 
3.90 
6.80 
7.00 
5.30 
4.00 
3.50 
3.50 
4.10 
3.60 

3.50 
3.30 
3.10 
3.30 
3.00 
3.00 
4.20 
7.30 
7.40 
5.00 
4.00 
3.60 
3.30 
3.30 
3.ri0 
3.20 
2.95 
2. 95 
2.90 
2.75 
2. 75 
2.70 
2.90 
3.55 
3.40 
3.35 
3.35 
3.35 
3.05 
2.95 
2.85 

2.50 
5.40 
4.20 
3.70 
3.05 
2.85 
3.20 
3.70 
2.90 
2.65 
2.60 
2.65 
2.70 
2.45 
2.36 
2.26 
2.20 
2.20 
2.40 
2.55 
2.50 
2.50 
2.40 
2.26 
2.20 
2.05 
2.10 
2.10 
3.55 
6.35 

1.80 
al.40 
cil.a5 
1.86 
1.75 
1.65 
1.70 
1.75 
1.80 
1.95 
1.90 
1.85 
1.80 
1.75 
1.70 
1.70 
1.85 
1.80 
1.75 
al.66 
1.70 
1.75 
1.75 
1.85 
1.70 
1.85 
1.95 
1.75 
1.75 
1.80 

1.85 

1 

1.95 

2 

3 

4 

5 

2.15 
2.46 
2.66 
2.70 

6 

7 

5.06 
4.66 

8 

3.65 

9 

3.00 

10 

2.70 

11 

2.50 

12 

2.60 

13 

2.40 

14 

2. 25 

15 

2.30 

16 

2.20 

17 

2.26 

18 

2.36 

19 

2.50 

20 

2.35 

21 

2.25 

22 

2.25 

23 

2.25 

24 

2.05 

2.5 

2.36 

26 

2.30 

27 

2.60 

28 

2.90 

29 

3.05 

30 

3.16 

31 

2.90 

a  Storing  water  at  the  new  dam  at  Rock  Uill,  S.  C,  accounts  for  low  days. 
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Rating  taUefor  Catawba  River  near  Catawba^  S.  C.jfrom  September  lly  190S,  to  December 

SI,  1904. 


The  above  table  is  based  upon  12  discharge  measurements  made  during  1903-1914. 
It  is  well  defined  between  gage  heights  1.5  feet  and  4.0  feet.  Above  4.0  it  is  only 
fairly  determined.  The  table  has  been  extended  beyond  these  limits.  Above  gapr 
height  3.60  feet  the  rating  curve  is  a  tangent,  the  difference  being  300  per  tenth. 

Estimated  monthly  discharge  of  Catawba  River  near  Catawba,  S.  C,  for  190S  and  19u4. 

[Drainage  area,  1,614  square  miles.] 


Gage 
height. 

Gage 
height. 

Feet. 

Diiicharge. 
Second-Jeet. 

Gage 
height. 

Feet. 

Discharge. 

1 
Second-feet. 

Discharge. 

Gage 
height. 

Disrhar^r. 

Feet. 

Second-feet. 

Feet, 

Secomd-f^* 

1.40 

810     1 

1 

2.10 

1,655 

2.80 

3,200 

3.50 

5,205 

1.60 

900 

2.20 

1,825 

2.90 

3,470 

3.60 

6,500 

1.60 

1,000    1 

2.30 

2,015     1 

3.00 

3,750 

3.70 

5,800 

1.70 

1,110    I 

2.40 

2,225 

3.10 

4,035 

3.80 

6,100 

1.80 

i,2:«) 

2.50 

2,450 

3.20 

4,325 

'     3.90 

6,400 

1.90 

1,360 

2.60 

2,690 

3.30 

4,615 

4.00 

6,700 

2.00 

1 

1.500 

2.70 

2,940 

3.40 

4,910 

Month. 


1903. 
September  11-30.. 

October 

November 

December 


1904. 


January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  .. 
Novemlx^r 
December 


The  vear 


Discharge  in  second-feet. 

Run- 

Second-feet 

persQuare 

mile. 

off. 

Maximum. 

Minimum. 

Mean. 

Depth  ill 
Incbt*. 

1 

16,300 

1,825 

3,962 

2.62 

1.95 

4,910 

1,825 

2,313 

1.53 

1.76 

6,400 

2,015 

2,754 

1.82 

2.  o:] 

3, 470 

2,015 

2,269 

1.50 

1,73 

6,400 

900 

2,313 

1.53 

1 

1.75 

15,700 

1,825 

4,783 

3.16 

3.41 

16,900 

2,940 

5,366 

3.54 

4.08 

4,325 

2,337 

2,808 

1.85 

2.06 

8,800 

1,825 

3,344 

2.21 

2,.=M 

13,750 

1,578 

3,599 

2.38 

2.66 

11,200 

1,480 

3,172 

2.10     I 

2.42 

24,850 

2,450 

7,629 

5.04     , 

5.  SI 

10,900 

950 

2,883 

1.90 

2.12 

1,480 

810 

1, 198 

.791 

.912 

9,400 

1,230 

2,451 

1.62 

1.81 

9,850 

1,480 

2,994 
3,545 

1.98 

2.2S 

24,850 

810 

2.34 

31.87 

"^HiYi!''']  SANTEE    RIVER    DRAINAGE    BASIN.  23 

CATAWBA   RIVER  NEAR  MORGANTON,  N.  C. 

The  original  station  was  established  June  19,  1900,  in  connection 
with  the  hydrographic  investigation  of  the  Southern  Appalachian  area, 
at  which  time  a  wire  gage  was  installed  on  the  highway  bridge  on  the 
road  from  Morganton  to  Hartland.  In  May,  1901,  the  river  through- 
out this  part  of  its  course  rose  from  8  to  15  feet  higher  than  ever  before 
known,  and  the  bridge  and  gage  were  destroyed.  The  present  station 
was  established  May  15,  1903,  by  E.  W.  Myers,  assisted  by  B.  S. 
Drane,  at  the  bridge  which  was  built  to  replace  the  one  carried  away 
bj"  the  flood  of  May,  1901.  The  station  is  1  mile  north  of  Morganton 
and  about  200  yards  below  the  mouth  of  Upper  Creek.  The  standard 
chain  gage  with  inclosed  scale  is  attached  to  the  lower  chord  of  the 
downstream  side  of  the  bridge.  The  zero  of  the  scale  is  about  94  feet 
from  the  initial  point  for  soundings.  The  length  of  the  chain  from 
the  end  of  the  weight  to  the  marker  is  36.95  feet.  The  gage  is  read 
once  each  day  by  Ilort  Edmunson.  Discharge  measurements  are 
made  from  the  downstream  side  of  the  single-span  steel  highway  bridge 
to  which  the  gage  is  attached.  The  initial  point  for  soundings  is  the 
left  end  of  the  downstream  hand  rail.  Distances  are  laid  off  along  this 
rail  and  are  marked  in  white  paint.  The  channel  is  straight  for  about 
200  feet  above  and  for  about  000  feet  below  the  station.  The  current 
is  swift.  The  right  bank  is  low  and  overflows  to  a  slight  extent  on 
account  of  erosion,  but  all  water  passes  beneath  the  approach  to  the 
bridge.  The  left  bank  is  high,  rocky,  and  wooded.  The  bed  of  the 
stream  is  rocky,  with  sand  and  gravel  near  the  right  bank. 

Bench  mark  No.  1  is  the  left  side  of  the  upper  surface  of  the  sixth 
floor  beam  at  the  downstream  side  of  the  bridge,  13  feet  to  the  right 
of  the  zero  of  the  gage.  The  point  is  indicated  by  a  spot  of  white 
paint  and  the  letters  B.  M.  When  the  gage  reads  zero  the  water  sur- 
face is  34.77  feet  below  this  point.  Bench  mark  No.  2  is  a  copper 
plug  set  in  cement  in  a  rock  on  the  left  bank  24.3  feet  back  of  the 
initial  point  for  soundings,  and  is  3  feet  downstream  from  the  line  of 
the  downstream  truss.  It  is  about  1^  feet  above  the  road  and  is 
inclosed  in  a  circle  of  white  paint  and  marked  ''  B.  M."  Its  elevation 
is  37.37  feet  above  datum  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  measurevienis  of  Catawba  River  near  Morgardon,  N.  C,  in  190-J  and  1904^ 


Date. 


Hydrographer. 


Area  of 
section. 


1903. 
February  13....    E.  W.  Myers. 

May  5 do 

May  5 do 

June  25 ! do 

June  25 do 

August  21 I  B.  S.  Drane . . 

August  21 do 

October  28 do 

October  28 1 do 

December  11 do 

December  11 do 


1904. 
February  17.. 

March  18 

March  18.... 

Mav  5 

Mav  27 

July  21 

August  19 

September  29 
September  29 
December  15. 
December  16. 


B.  S.  Drane, 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Square/eel. 
850 
726 
726 
611 
611 
552 
554 
458 
462 
439 
440 


435 
622 
615 
641 
458 
415 
427 
356 
;i56 
394 
405 


Mean 
velocity. 


Feet 


per  see. 
3.36 
2.28 
2.33 
2.09 
2.10 
2.14 
2.15 
1.15 
1.21 
1.09 
1.12 

1.24 
1.31 
1.37 
2.04 
1.68 
1.08 
1.49 
1.10 

1.11 

I 
1.15  j 

1.23 


Gage 
leiimt. 


heisT 


Feet. 
2.77 
2.04 
2.05 
1.93 
1.95 
1.77 
1.76 
1.16 
1.18 
1.19 
1.  22 

1.23 
1.56 
1.56 
2.08 
1.48 
1.01 
1.28 
1.04 
1.01 
1.15 
1.18 


Disv^hac^e. 

Semnd-ffft. 
861 


1 
1 
1 
1 
1 


6J^ 

276 

ISI 
lii3 
52> 
.=vV9 
4Si» 
493 


539 

84:i 
l,3«Vi 
77(» 
447 
637 
391 
395 
4M 


HALL 
HOY 


AND"! 
fT.      J 
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Main  daily  gage  height,  infect^  of  Caiawba  River  near  MorgarUon,  N.  C,  for  1904' 


Day. 

Jan. 

Feb. 

Mar. 

1.80 
1.65 
1.60 
1.55 
1.50 
1.50 
9.20 
4.30 
2.80 
2.30 
2.10 
1.90 
1.80 
1.80 
1.75 
1.65 
1.60 
1.60 
1.65 
1.50 
1.50 
1.60 
1.60 
1.90 
2.00 
1.90 
1.85 
1.80 
1.70 
1.60 
1.55 

Apr. 

1.55 
1.50 
1.45 
1.40 
1.40 
1.40 
1.50 
1.55 
2.65 
1.70 
1.60 
1.60 
1.60 
1.55 
1.50 
1.45 
1.65 
1.45 
1.40 
1.35 
1.40 
1.40 
1.45 
1.35 
1.35 
1.60 
1.60 
1.45 
1.40 

i.a5 

May. 

l.:« 
1.86 
3.30 
2.60 
2. 15 
1.80 
1.70 
3.50 
4.10 
3.05 
2.40 
2.10 
2.00 
1.95 
1.90 
1.70 
1.65 
130 
2.90 
1.80 
1.60 
1.60 
1.65 
1.60 
1.60 
1.70 
1.45 
1.50 
1.56 
1.65 
5.^5 

June. 

4.45 
8.25 
2.40 
2.10 
1.90 
1.75 
1.95 
2.00 
1.65 
l.GO 
1.70 
1.55 
1.45 
1.45 
1.40 
1.45 
1.65 
1.60 
2.05 
1.80 
1.55 
1.45 
1.40 

i.a5 

1.30 
1.30 
1.40 
1.65 
1.85 
2.50 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.25 
1.26 
1.-26 
1.20 
1.20 
1.20 
1.50 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1.16 
1.15 
1.15 
1.20 
1.25 
2.40 
1.65 
1.50 
1.40 
1.40 
1.36 

i.a5 

1.35 
1.30 

1.30 
1.30 
1.26 
1.25 
1.25 
1.25 
1.36 
1^ 
1.70 
1.65 
1.50 
1.40 
1.40 
1.35 
1.35 
1.35 
1.30 
1.30 
1.30 
1.30 
1.30 
2.80 
2.40 
1.85 
1.70 
1.60 
1.80 
1.80 
1.80 

1.95 
1.70 
1.50 
1.35 
1.50 
I.a5 
1.30 
1.30 
1.35 
1.30 
1.30 
1.&5 
1,30 
1.25 
1.25 
1.20 
1.15 
1.10 
1.10 
1.05 
1.10 
1.10 
1.20 
1.15 
2.40 
1.70 
1.30 
1.65 
1.50 
1.40 
1.35 

3.10 
2.35 
1.90 
1.70 
1.95 
2.30 
2.45 
2.00 
1.70 
2.10 
2.05 
2.40 
1.85 
1.65 
1.60 
1.50 
1.40 
1.85 
1.30 
1.40 
1.35 
1.40 
2.40 
2.40 
1.60 
1.60 
2.00 
1.65 
1.40 
1.80 
1.40 

1.70 
2.20 
1.65 
1.90 
2.20 
1.50 
1.40 
1.30 
1.30 
1.30 
1.35 
1.30 
1.25 
1.20 
1.15 
1.10 
1.05 
1.06 
1.10 
1.10 
1.10 
1.06 
1.05 
1.05 
1.0) 
1.05 
1.05 
1.00 
1.00 
.96 

0.95 

.95 

.95 

.90 

.95 

.96 

1.10 

1.00 

1.05 

1.00 

.95 

.96 

.90 

.90 

.96 

.90 

.85 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.95 

1.00 

.96 

.95 

1.00 

.95 

1.00 

1.00 
1.00 
1.10 
1.75 
1.50 
1.30 
1.15 
1.10 
1.10 
1.05 
1.00 
1.00 
1.80 
1.50 

i.a5 

1.25 
1.20 
1.20 
1.10 
1.00 
1.05 
1.05 
1.05 
1.10 
1.00 
1.06 
1.06 
1.05 
1.10 
1.10 

1.10 

2 

1.16 

3 

1.25 

4 

1.40 

5 

1.70 

6 

2.06 

7 

1.66 

8 

1.40 

9 

1.36 

10 

1.35 

11 

1.85 

12 

1.25 

13        

1.26 

14 

1.20 

15 

1.15 

16 

1.15 

17 

1.20 

18 

1.26 

19 

1.20 

20 

1.16 

21 

1.16 

22 

1.10 

1.06 

24 

1.06 

25 

1.25 

26 

27 

1.80 
1.76 

28 

2,06 

29 

30 

31 

1.55 
1.60 
1.45 

R'xiing  ialtle  for  Qitawba  Rivernear  Morganton,  N.  C.^from  Januari/  tto  December  SI,  1904' 


Gage 
height. 

DiHcharge. 

Gage 
height. 

Discharge. 
Second-feet. 

1 

Gage 
height. 

Feet. 

1 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Feet. 

Second'Jeet. 

Feet. 

0.80 

252 

1.40 

702 

1     2.00 

1,460 

2.60 

2,610 

.90 

307 

1.50 

800 

2.10 

1,640 

2.70 

2,8a5 

1.00 

372 

1.60 

908 

2.20 

1,830 

2.80 

3,000 

1.10 

447 

1.70 

1,026 

2.30 

2,025 

2.90 

3,195 

1.20 

527 

1.80 

1,156 

2.40 

2,220 

3.00 

3,390 

1.30 

612 

1.90 

1,300 

'2.50 

2,415 

The  above  table  is  ba-sed  upon  discharge  measurements  made  during  1903  and 
1904.  It  is  well  defined  between  gage  heights  1  foot  and  2  feet.  Above  2  feet  the 
direction  of  the  tangent  is  determined  by  one  measurement  at  2.77  feet.  The  table 
has  been  extended  beyond  these  limits.  Above  gage  height  2.2  feet  the  rating  curve 
is  a  tangent,  the  difference  being  195  per  tenth.  Above  2  feet  the  estimates  can  be 
considered  a  very  rough  approximation.  This  table  is  the  same  as  the  1903  table, 
with  the  exception  of  a  very  slight  change  below  1.3  feet  gage. 
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Estimated  monthly  (Uncharge  of  Catawba  River  near  Morgardon^  N.  C ,  for  1904- 

[Drainage  area,  758  square  miles.] 


January  . . . 
February . . 

March 

April 

Mav 

Jun<» 

July 

Augu8t . .  ^. 
September 
October  . . . 
November 
December 


Month. 


Discharge  in  Recond-feet. 


Riin-CkfT. 


Maximum.     Minimum. 


2,220 

3,000 

15,  480 

2,  708 

/,  /// 

6,217 
2,220 
3, 585 
1,830 

447  I 
1,156 
1,550 


The  year ,      15,480 


487  ' 

569 

800 

657  I 

657  I 

612 

410 

612 

339 

280  , 

372 

410 

280  ! 


Mean. 

643 
915 

1,759 
846 

1,878 

1,333 
711 

1,293 
639 
338 
515 
679 


Se<M>nfl-feet    jv^  , 


962 


0.848 

1.21 

2. 32 

1.12 

2.48 

1.76 

.9:^ 

1.71     I 
.843 
.446  . 
.679 
.896 


1.2: 


0.97> 
!.:»» 
2.»>s 
1.155 

2.  Sfr; 

l.w 
l.(N 

1.97 
.  r>i4 
i.a-^ 

17.32 


JOHN    RIVER  NEAR   MOROANTON,  N.  C. 

This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  the  iron  highway  bridge  on  the  Lenoir  road,  about  3  miles  froui 
Morganton,  N.  C.  Discharge  measurements  are  made  from  the  down- 
stream side  of  the  single-span  bridge.  The  initial  point  for  sounding> 
is  the  left  end  of  the  main  span,  downstream  side,  over  the  middle  of 
the  left  pier.  The  channel  is  curved  for  about  300  feet  above  and 
straight  for  500  feet  below  the  station.  The  current  is  swift.  Both 
banks  are  high,  wooded,  and  not  liable  to  overflow.  The  bed  of  the 
stream  is  rocky  along  the  left  bank,  which  is  composed  of  rock,  and 
sandy  along  the  right  bank.     There  is  but  one  channel  at  all  stages. 

The  bench  mark  is  the  upper  edge  of  the  end  of  a  bar  extendinjr 
from  the  floor  beam  to  a  brace  at  the  downstream  end  of  the  second 
floor  beam  from  the  left  pier,  3'2  feet  from  the  initial  point  for  sound- 
ings.    Its  elevation  is  30.00  feet  above  datum. 


HALT 
HOY 


.  ANDT 
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Discharge  measurements  of  John  Rirer  near  Morganlotiy  N.  C. ,  in  1904- 


Date. 


Hydrographer. 


May  27 

July  21 

August  19 

September  29 
December  16. 


B.  S.  Drane, 

....do 

....do 

...,d6 

....do 


Width. 
Feet 

Area  of 
section. 

Mean 

velocity. 

• 

Gage 
height. 

Discharge. 

Square  feet. 

Feet  per  sec. 

Feet. 

Second-feet. 

64 

172 

1.72 

1.66 

295 

61 

163 

1.26 

1.44 

205 

62 

170 

1.40 

1.53 

238 

61 

135 

1. 13 

1.31 

163 

61 

146 

1.00 

1.27 

146 

WATEKEE   RIVER   NEAR   CAMDEN,  8.  C. 

Gamden,  S.  C,  is  on  the  Wateree  Riv^er,  45  miles  above  its  mouth, 
and  about  5  miles  below  the  fall  line.  The  drainage  area  above  the 
station  is  2,()35  square  miles. 

A  station  has  been  maintained  here  b}'  the  United  States  Weather 
Bureau  since  1891.  The  gage  is  at  the  toll  bridge  about  2  miles  west  of 
Camden.  Measurements  are  made  from  this  bridge,  which  consists  of 
two  iron  spans,  al)out  180  feet  each,  supported  by  tubular  iron  piers, 
and  has  short  wooden  approaches  with  brick  abutments  on  both  banks. 
The  bridge  keeper  is  also  the  river  observer.  The  Weather  Bureau 
gage  is  in  three  sections,  the  lower  section  being  a  timber  fastened  to  a 
log  near  the  right  bank  and  about  15  feet  above  the  bridge,  and  reading 
from  0  to  8  feet.  The  second  is  a  timber  fastened  to  an  ash  tree  on 
right  bank  about  25  feet  above  the  bridge,  and  reading  up  to  15  feet. 
The  third  section,  15  to  32  feet,  is  painted  on  the  upstream  cylindrical 
pier  on  right  bank.  Only  the  third  section,  painted  on  the  iron  pier, 
is  in  good  condition.  On  August  12,  1904,  a  new  chain  gage  was  put 
in  by  M.  R.  Hall,  set  to  accord  with  the  pier  gage.  The  gage  is  a  24- 
inch  iron  top  box,  with  outside  scale.  It  is  located  at  the  upstream 
end  of  a  floor  beam,  40  feet  from  the  right  bank  pier,  and  is  fastened 
to  a  short  vertical  timber  resting  on  the  floor  beam,  and  clamped  to 
the  double  rod  hanger.  The  bottom  of  the  box  is  about  3  feet  above 
the  bridge  floor,  and  is  41.53  feet  above  gage  datum.  The  length  of 
the  chain  is  43.53  feet. 

Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge.  The  initial  point  for  soundings  is  the  edge  of  the  right  bank 
brick  abutment.  Both  banks  are  high,  but  are  liable  to  overflow  at 
time  of  floods.  Both  are  open  and  cultivated  except  along  the  bank 
where  there  are  trees.  The  channel  is  270  feet  wide  at  low  water,  and 
is  broken  by  one  pier.  The  current  is  smooth  and  moderately  swift, 
except  at  lowest  stages.  The  bed  is  sand  and  is  probably  changing. 
The  river  below  has  a  very  small  slope,  which  is  unfavorable  for  good 
rating  at  high  stages,  as  the  position  of  flood  crest  will  affect  the  slope 
largely. 
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Bench  mark  No.  1  is  the  top  of  the  upstream  end  of  the  floor  beam 
about  40  feet  from  right  bank  pier,  at  a  point  directlj^  under  the  gage. 
Its  elevation  is  36.85  feet  above  the  gB^e  datum.  Bench  mark  No.  '2 
is  two  large  wire  nails  driven  horizontally  into  a  sycamore  tree  on 
right  bank  of  river,  and  upstream  side  of  the  road,  110  feet  from  the 
pier.     Its  elevation  is  31.27  feet  above  gage  datum. 

Discharge  measurements  of  Wat^ree  River  near  CaimUn^  S.  C,  in  1904- 


Date. 


Hydroffrapher. 


July  23 

August  11 

August  12 

September  13 . 
September  14 . 
November  19  . 


J.M.Giles 
M.  R.  Hall 

do  ... 

J.M.Giles 

do  ... 

do  ... 


Width. 

Feet. 
264 
324 
324 
270 
271 
274 


Area  of 
section. 

• 

Mean 
veUwity. 

■ 

Fret  per  see. 

Gagre 
height. 

Square/ret. 

Feet. 

3,249 

1.47 

7,10 

6,627 

1.97 

17.80 

7,345 

2.68 

20.20 

2,215 

.63 

3.60 

2, 538 

.91 

4.60 

2, 538 

.99 

4.52 

Dipc'haiipe. 


4,  7N1 
13,  Ota) 
19,  w» 
l,4r«i 
2,:iH 
2. 5*n 


Mean  daily  gage  height,  in  feet ,  of  Waieree  Ru)er  near  Camden,  S.  C,  for  29()4. 


Day. 

Sept. 

Oct. 

3.00 
3.00 
3.30 
3.00 
3.30 
3.40 
3.40 
3.20 
3.30 
3.50 
3.50 
3.90 
3.80 
3.80 
3.60 

Nov. 

Dec. 

3.70 
3.80 

4.90 : 

7.10 

5.50 

10.00 

14.10 

11.10 

8.10 

6.50 

5.50  1 

6.50  ' 

5.00 

4.60 

4.50 

4.60 

Day. 

Sept. 

Oct, 

Nov. 

Dec 

1 

3.20 
4.20 
4.00 
4,20 
5.80 
7.40 
5.10 
6.20 
5.20 
4.70 
4.50 
4.30 

17 

4.60 
4.60 
4.00 
4.00 
4.00 
4:50 
3.90 
4.00 
4.10 
3.90 
3.50 
4.10 
4.20 
3.80 

4.  .it' 

2 

1 
18 

5  3> 

3 

19 

20 

Ti  I<i 

4 

\5> 

5 

21 

4  3) 

6 

22 

4.<«* 

7 

23 

3.50 
3.40 
3.00 
3.50 
4.50 
4.00 
4.00 
3.90 
S.(» 

4.  CIO 

a.7<» 
a.  70 

3.80 

A  V» 

8 

24 

4   >• 

9 

25 

1  ^' 

10 

26 

4  \}' 

11 

5.40 
8.90 
4.80 
4.80 
4.80 
4.80 

27 

4  v«- 

12 

28 

7  4» 

**•  • 

13 

29 

>»  ^ 

14 

30 

7  »•' 

15 

31 

H.41' 

16 

BROAD   RIVER   (OF  THE   CAROLINA s)   AT   ALSTON,   S.    C. 

This  station  was  established  July  3,  1896,  by  E.  W.  Myers  at  the 
Southern  Railroad  bridge  at  Alston,  S.  C,  about  27  miles  above  Colum- 
bia. The  standard  chain  gage  is  located  in  the  second  span  from  the 
left  end  of  the  bridge.  The  zero  of  the  scale  is  74  feet  from  the  initial 
point  for  soundings.  The  length  of  the  chain  from  the  end  of  tho 
weight  to  the  marker  is  39.22  feet.  The  observer  is  G.  M.  Heron,  a 
farmer  of  Alston,  S.  C,  who  reads  the  gage  once  each  day.  Discharj^^ 
measurements  are  made  from  the  downstream  side  of  the  st-eel  throusrh 
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6-span  railway  bridge  to  which  the  gage  is  attached.  The  initial  point 
for  soundings  is  the  end  of  the  second  span  nearest  the  left  bank  over 
the  center  of  the  pier.  At  flood  stages  some  water  passes  behind  this 
point.  The  channel  above  the  station  is  straight,  but  the  current  is 
interrupted  by  a  large  island  and  passes  under  the  bridge  at  an  angle. 
Below  the  bridge  the  channel  is  straight  for  about  one-half  mile. 
Both  banks  are  high  and  all  water  passes  beneath  the  bridge.  The 
bed  of  the  stream  is  of  sand  and  silt  and  is  slightly  shifting.  There 
is  but  one  channel  at  all  stages. 

Bench  mark  No.  1  is  a  point  on  the  right  side  of  the  downstream 
end  of  the  fifth  floor  beam  from  the  left  end  of  the  second  span  from 
the  left  end  of  the  bridge.  It  is  marked  in  white  paint  and  is  indi- 
cated by  the  letters  B.  M.  When  the  gage  reads  zero  the  water  sur- 
face is  36.44  feet  below  this  point.  Bench  mark  No.  2  is  a  standard 
copper  bolt  set  in  rock  on  the  left  bank  on  the  hillside  50  yards  from 
the  river  and  52  feet  downstream  from  the  center  line  of  the  trestle 
approach  to  the  bridge  and  is  21.2  feet  from  the  corner  of  the  pump 
house.  The  rock  is  white  and  the  bench  mark  is  under  a  small  china 
tree.  This  bench  mark  is  9.85  feet  below  the  bench  mark  on  the 
bridge,  making  its  elevation  26.59  feet  above  the  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction^  of  M.  R.  Hall,  district  hydrographer. 

Discharge  ineasuremejits  of  Broad  River  {of  the  Carolina^)   at  Alstoji,  S.  C,  in  J  90S 

and  1904. 


Date. 

1903. 
March  23 ... . 

April  17 

Jane  24 

August  6 

August  6 

September  10 


HydroRTapher. 


E.  W.  Mvers. 
E.  C.  Murphy 
B.  S.  Drane.. 
J.M.Giles... 
M.R.  Hall... 
J.M.Giles... 


October  22 do 


December  10. 


do 


1904. 
January  27 '  W.  E.  Hall 


March  3 

May  6 

July  22 

September  15 
November  18 


J.M.(iiles 

do  ... 

do  ... 

do  ... 

do  ... 


Width. 


Fed. 


519 
528 
521 
521 
429 
489 


Area  of 
section. 


Sfjuarf'/eet. 
12, 300 
3,764 
3, 376 
2, 1K)4 
2,904 
2, 635 
1,341 
1,572 

1,809 
1,835 
1,757 
1,847 
1,255 
1,524 


Mean 
velocity. 


Ga^e 
height 


Feet  per  aec. 
5.78 
3.48 
3.14 
2.84 
2.74 
2.74 
2.40 
2.19 

2.28 
2.61 
2.20 
2.42 
1.65 
1.85 


FeeL 

19.85 
7.74 
6.20 
5.58 
6.68 
4.86 
3.45 
3.75 

4.10 
4.50 
4.18 
4.10 
2.95 
3.55 


Discharge. 

Second-feet. 

71, 140 

15,060 

10,690 

8,259 

7,954 

7,218 

3,219 

3,437 

4,128 
4,786 
3,861 
4,465 
2,066 
2,817 
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[NO.  i2rr. 


Mean  daily  gage  height j  in  feetj  of  Broad  River  {of  the  Carolina^)  at  Alston,  S.  C,  1904. 


Day. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 .' 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

3.70 
3.60 
3.60 
3.60 
3.30 
3.30 
3.40 
3.50 
3.60 
3.60 
3.50 
3.40 
3.60 
3.60 
3.60 
3.50 
3.60 
3.50 
3.60 
3.60 
3.60 
3.60 
6.50 
5.30 
4.80 
4.20 
4.20 
3.90 
3.80 
3.90 
3.90 


Feb. 

Mar. 
4.50 

Apr. 
4.25 

May. 

June. 
3.50 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

3.80 

3.85 

5.70 

3.55 

4.10 

2.55 

2.40 

3.60 

4.50 

4.26 

3.80 

5.30 

6.60 

6.75 

4.00 

2.60 

2.GD 

3.80 

4.50 

4.20 

3.40 

4.80 

4.60 

7.00 

4.30 

2.55 

2.  .50 

3.70 

4.50 

4.05 

4.10 

4.30 

3.85 

6.60 

4.00 

2.35 

2.65 

3.70 

4.40 

3.75 

4.45 

3.90 

3.20 

6.00 

4.20 

2,20 

3.90 

3.70 

4.30 

4.05 

4.20 

3.60 

3.00 

5.50 

5:20 

2.45 

4.00 

3.70 

5.60 

4.05 

4.10 

3.20 

3.10 

6.20 

4.40 

2,65 

3.60 

4.40 

9.95 

4.30 

3.90 

4.70 

3.30 

12.45 

3.80 

2.50 

3.15 

4.70 

8.35 

4.25 

3.95 

4.40 

3.05 

13.00 

3.40 

2.70 

3.15 

4.90 

6.35 

4.60 

4.45 

3.80 

3.05 

11.50 

8.30 

2.70 

3.10 

4.60 

5.50 

4.65 

4.70 

3.50 

3.25 

9.30 

3.20 

2-40 

3.00 

4.40 

5. 10 

4.ft=) 

4.20 

3.40 

3.30 

8.70 

3.10 

2.55 

3,00 

4.20 

4.90 

4.10 

3.95 

4.40 

4.10 

7.30 

2.80 

2.55 

3.50 

4.10 

4.90 

4.10 

3.85 

3.50 

3.30 

5.20 

2.85 

2.65 

6.10 

3.90 

4.70 

4.00 

3.80 

3.46 

3.05 

4.55 

S.OO 

2-65 

5.60 

3.80 

5.00 

3.95 

4.05 

3.20 

2.75 

7.50 

2.85 

2.40 

4.45 

4.00 

4.55 

4.00 

4.00 

3.20 

3.40 

5.90 

2.65 

2.60 

3.80 

3.90 

4.40 

4.05 

3.85 

3.20 

3.20 

4,70 

2.60 

2.20 

3,,Vi 

3.90 

4.35 

3.80 

8.65 

3.10 

3.05 

3.85 

2.80 

2.45 

3.45 

6.40 

4.30 

4.a'> 

3.70 

5.00 

2.76 

3.90 

2.45 

2.65 

3.35 

6.60 

4.20 

3.95 

3.50 

6.10 

2.70 

4.50 

2.95 

2.55 

3.25 

11.25 

3.90 

3.95 

3.45 

4.45 

3.76 

3.a5 

2.80 

2.60 

2.75 

11.30 

4.80 

3.95 

3.35 

3.90 

4.95 

3.30 

2.75 

2.60 

S.  10 

8.20 

4.90 

3.90 

3.10 

3.40 

6.95 

3.50 

2.65 

2.45 

3.35 

6.10 

5.50 

3.85 

3.10 

3.40 

4.25 

3.70 

2.50 

2.25 

3.30 

5.30 

5.40 

3.95 

3. 10 

3.20 

3.25 

3.85 

2.60 

2.60 

3.05 

4.40 

5.60 

4.10 

2. 95 

2.90 

3.50 

11.10 

2.45 

2.90 

3.00 

4.80 

4.95 

4.45 

3.20 

2.75 

3.30 

10.70 

2.60 

2.80 

3.00 

4.70 

4.50 

4.15 

3.15 

2.95 

5.85 

14.00 

2.80 

2.65 

2.65 

4.50 

3.95 

3.40 

4.20 

5.05 

5.70 

2.70 

2,70 

2.90 

4.30 



3.20 

3.90 

4.50 

2.60 

4.  .*•* 

4.J=i 

3  7J 


>.?' 


^.  •  •,' 
5  7( 
4,  rV 
4.3.^ 

3-«i'» 

.x7S 

3.  n» 

3.*S 
^.  .y» 
3.  Ml 
3-?*» 
3.#' 

a.* 

a  V 


4.  iCi 

5.  i'^ 
4  « 
4.  --J 


Rating  table  for  Broad  River  {of  the  Carolinas)  at  AUton^  S.   C,  from  Januart/  I  to 

December  SI,  1904. 


(tage 
leight. 

Discharge. 

_      _ 
Second-feet. 

1 

Gage 
height. 

Discharge. 
Sfconri-feet. 

Gage 
height. 

Feet, 

Discharge. 

Gage 
height. 

Pert. 

Feet. 

Second-fed, 

Feet. 

2.20 

1,  250 

3.20 

2,590 

4.20 

4,750 

1     6.00 

2.30 

1,340 

3.30 

2,770 

4.40 

5,  250 

6.50 

2.40 

1,440 

3.40 

2,960     , 

4.60 

5,750 

7.00 

2.50 

1,550 

8.50 

3,150 

4.80 

6,300 

7.50 

2.60 

1,670 

3.60 

3,  350 

5.00 

6,850 

8.00 

2.70 

1,800 

3.70 

3,560 

5.20 

7,400 

8.50 

2.80 

1,940 

3.80 

3,780 

5.40 

7,950 

9.00 

2.90 

2,090     1 

3.90 

4,010 

5.60 

8,500 

9.50 

3.00 

2,250 

4.00 

4, 250     1 

5.80 

9,a50 

10.00 

3.10 

2,420 

1 

1 

DLsT  harirc. 

Second-ftrf. 
9,6(10 
11,100 
12,600 
14,100 
15,650 
17,  275 
18,900 
20,525 
22,150 


The  above  table  is  based  upon  21  discharge  measurements  made  during  1901  to  1901. 
It  is  well  defined  between  gage  heights  3.0  feet  and  10.0  feet. 
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Estimated  monthii/  discharge  of  liroad  Hirer  (of  the  Carolinas)  at  Alston,  S.  C,,f(yr  1904, 

[Drainage  area,  4,609  square  milea.] 


Discharge  In  second-feet. 


Month. 


Run-off. 


Maximum.     Minimum. 


January 11 ,  100 

February 26, 550 

March 21, 990 

A  pri  1 ;  5, 888 

Mav I  6, 025 


June 


7,675 


July I      12,450 


August 

Septeml)er 
October  .. 
November 
December 


36,800 
7,400 
2,090 
9,900 

17, 920 


The  year 36, 800 


2,770 
3,350 
4,010 
3,670 
2,170 
1,870 
1,800 
2,770 
1,495 
1,250 
1,440 
2,  250 

1,250 


Mean. 

3,921 
7,  237 
7,097 
4,480 
3,  695 
3,921 
4,169 
12,200 
2,761 
1,614 
3,096 
4,886 


Second-feet 

rsqu 

mile 


per  SQuare 

iil< 


Depth  In 
inches. 


I 


4, 923 


0.851 

1.57 

1.54 
.972  I 
.802 
.851 
.905 

2.65 
.599 
.350 
.672 

1.06 


1.07 


0.981 
1.69 
1.78 
1.08 
.925 
.950 
1.04 
3.06 
.668 
.404 
.740 
1.2^ 


14.55 


TIGER  RIVER  AT   DELTA,  S.  C. 


This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  the  Seaboard  Air  Line  Railway  bridge,  one-third  mile  east  of 
the  depot  at  Delta,  S.  C.  It  is  best  reached  b}'  driving  from  Whit- 
raire,  4  miles  west.  Discharge  measurements  are  made  from  the 
downstream  side  of  the  single-span,  steel,  through  bridge,  202.5  feet 
long,  having  trestle  approaches  at  each  end.  The  initial  point  for 
soundings  is  the  right  end  of  the  bridge,  downstream  side.  Sounding 
points  are  marked  on  the  guard  rail.  The  channel  is  straight  for 
about  1,000  feet  above  and  below  the  station.  The  current  is  swift. 
Both  banks  are  low,  partly  wooded,  and  subject  to  overflow  during 
high  water.  The  bed  of  the  stream  is  composed  of  sand.  There  is  but 
one  channel,  divided  during  high  water  by  the  piers  of  the  bridge  and 
trestle  supports.  The  bridge  crosses  the  river  at  a  slight  angle.  The 
bench  mark  is  the  top  of  the  downstream  end  of  the  second  floor  beam 
from  the  right  bank.     Its  elevation  is  36.00  feet  above  gage  datum. 

Discharge  measurements  of  Tiger  River  at  Delta,  S.  C,  in  1904- 


Date. 

March  22 

May9 

Septmeber  10 


Hydrographer. 

J.  M.  Giles... 

do 

do 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Discharge. 

quareject. 

Feet  per  hcc. 

Second-feet. 

409 

1.40 

1.85 

573 

324 

2.09 

2.35 

678 

314 

1.18 

1.67 

369 
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ENOREE   RIVER   NEAR   WHITMIRE,  S.  C. 

This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  the  Seaboard  Air  Line  Railway  bridge,  li  miles  east  of  Whitiiiire, 
S.  C.  There  is  a  highway  bridge  one-third  mile  below,  and  a  grist- 
mill three- fourths  mile  below  has  a  dam  with  2- foot  fall.  Discharge 
measurements  are  made  from  the  downstream  side  of  the  single-span 
deck  bridge,  151  feet  long.  There  are  15  bents  of  trestle  approach 
at  the  left  and  22  bents  at  the  right  bank.  The  initial  point  for 
soundings  is  the  right  end  of  the  bridge  downstream  side.  Sounding 
points  are  marked  on  the  guard  i*ail.  The  channel  is  straight  for 
about  300  feet  above  and  one- fourth  mile  below  the  station.  The  rur- 
rent  is  swift.  Both  banks  are  low,  clean,  and  subject  to  overflow 
under  the  trestle  approaches.  The  bed  of  the  stream  is  composed  of 
gravel  and  sand.  There  is  but  one  channel  at  low  and  ordinary  stages, 
broken  during  high  water  by  the  piers  and  trestle  work  of  the  bridge. 
The  operation  of  the  mill  below  will  affect  the  flow  of  the  stream. 
The  bench  mark  is  the  top  of  stringer  on  the  downstream  side  of  the 
bridge,  50  feet  from  the  initial  point  for  soundings.  Its  elevation  i< 
56.00  feet  above  gage  datum. 

Discharge  ineamirements  of  Enoree  River  near  WhUmirej  S.  <\y  m  1904. 


Date. 


Hydrographer. 


March  23 

May  10 

September  10 


J.  M.  Giles. 

do  .... 

do 


Width. 

Feet. 
90 
100 
101 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Squnre/ert. 
237 
186 
193 

Frrt  per  9€c. 
1.96 
1.65 
1.86 

Feet. 
1.90 
1.60 
1.20 

I>ii^;hai|r« 


Seco»d-J»ii. 


3oy 


SALUDA    RIVER   NEAR   WATERLOO,  S.  C. 

This  station  was  established  by  E.  W.  Myers,  August  30,  lSiH>.  It 
is  located  at  the  Charleston  and  Western  Carolina  Railroad  bridge 
between  Coronaca  and  Waterloo,  3  miles  from  Waterloo  and  9  mile> 
from  Greenwood.  It  is  1  mile  below  the  mouth  of  Reedy  River. 
The  standard  chain  gage  is  on  the  downstream  side  of  the  bridge,  on 
the  span  next  the  left  bank.  The  length  of  the  chain  from  the  end 
of  the  weight  to  the  marker  is  45.73  feet.  The  gage  is  read  once  each 
day  by  R.  N.  Cunningham.  Discharge  measurements  are  made  from 
the  railway  bridge  and  its  approaches.  The  bridge  is  a  steel  through 
bridge  of  two  spans  about  125  feet  each,  with  wooden  trestles  600  feet 
long  on  the  left  bank  and  200  feet  on  the  right  bank.  The  initial  point 
for  soundings  is  the  end  of  the  guard  rail  of  the  trestle  on  the  left  bank. 
The  channel  is  straight  for  about  600  feet  above  and  below  the  station. 
Both  banks  are  low  and  wooded  and  are  subject  to  overflow,  but  all 
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water  passes  beneath  the  bridge  and  its  approaches.  The  bed  of  the 
stream  is  sandy  and  muddy  and  is  slightly  shifting.  There  is  but  one 
channel  at  all  stages.  Its  width  at  low  water  is  250  feet,  the  channel 
is  broken  by  one  pier,  and  the  velocity  is  moderate. 

Bftnch  mark  No.  1  is  a  point  on  the  top  surface  of  the  downstream 
end  of  the  first  floor  beam  to  the  left  of  the  center  pier.  Its  elevation 
is  44.64  feet  above  the  gage  datum.  Bench  mark  No.  2  is  a  copper 
bolt  set  in  a  granite  bowlder  on  the  right  bank  of  the  stream  470  feet 
from  the  end  of  the  trestle  (measured  along  the  railroad  track)  and 
50  feet  upstream  from  the  center  of  the  track.  Its  elevation  is  61.44 
feet  above  gage  datum.     The  rock  is  near  two  small  persimmon  trees. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Saluda  River  near  Waterloo,  S.  C,  in  1903  and  1904. 


Date. 


Hydrographer. 


1903. 

March  23 

AprillS 

April  18 

April  21 

June  25 

June  25 

August  5 

August  5 

Si^ptember  9 . . 

October  21 

December  9... 


E.  W.  Myers . 
E.  C.  Murphy 
B.  8.  Drane  . . 
E.  W.  Myers  . 
B.  S.  Drane  . . 

do 

J.  M.  Giles . . . 
M.  R.  Hall . . . 
J.  M.  Giles . . . 

do 

do 


W.E.Hall 
J.  M.  Giles 


1904. 
January  26  . . . 

March  2 

March  19 '. do 

May  5 do 

July  21 do 

July  26 do 

November  16  ..: do 

IRR  127—05 3 


Width. 


Area  of 
section. 


Feet. 


160 
192 
191 
183 
163 
182 
182 


Sfiuare/eet. 

4,384 

1, 213 

1,230 

1,243 

795 

829 

695 

695 

628 

615 

504 

371 
671 
654 
540 
334 
460 
593 


ve^^lty.       hei%.      Di«charpre. 


Feet  per  tec. 

Feet 

Sccond'/ect. 

2.96 

17.40 

12,  970 

2.87 

9.40 

3,481 

3.04 

9.60 

3,739 

3.01 

9.20 

3,747 

1.73 

6.76 

1,375 

1.84 

7.03 

1,527 

2.22 

6.88 

1,542 

2.10 

6.88 

1,458 

1.98 

6.38 

1,245 

1.91 

6.28 

1,176 

1.75 

5.90 

883 

1.29 

4.98 

479 

2.16 

6.85 

1,450 

2.02 

6.74 

1,322 

1.64 

5.86 

887 

1.73 

5. 02 

578 

1.67 

5.57 

769 

1.62 

6.03 

963 
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[so.  12T. 


Mean  daily  gage  height  j  in  feet,  of  Saluda  River  near  Waterloo,  S.  C,  for  1904. 


Day. 

Jan. 

5. 75 
5.70 
5.50 
5.10 
5.65 
5.95 
5.45 
5.95 
5.80 
5.60 
4.85 
5.66 
6.70 
6.65 
5.60 
5.60 
6.65 
5.20 
5.40 
5.60 
5.70 
7.10 
6.90 
7.10 
6.40 
4.80 
5.60 
5.90 
5.70 
5.85 
5.60 

Feb. 

5.60 
5.65 
6.60 
5.45 
5.70 
5.65 
5.66 
6.40 
6.75 
6.65 
6.10 
6.10 
6.55 
6.40 
6.90 
5.60 
6.45 
6.00 
6.50 
6.80 
9.10 
11.10 
11.00 
6.90 
6.80 
5.60 
5.55 
7.a5 
6.20 

Mar. 

6.05 
6.15 
6.40 
6.96 
6.10 
6.60 
9.75 

10.60 
8.20 
6.90 
5.00 
6.10 
7.00 
7.30 
6.26 
6.10 
6.70 
5.90 
6.10 
6.60 
5.75 
6.96 
6.00 
7.15 
7.30 
6.40 
7.00 
6.75 

.6.00 
5.56 
5.95 

Apr. 

6.20 
5.96 
6.45 
6.10 
6.15 
6.65 
6.00 
6.50 
6.86 
7.16 
6.70 
6.00 
6.60 
6.60 
6.40 
6.75 
6.40 
6.80 
6.45 
5.26 
6.36 
6.30 
6.86 
6.30 
6.35 
6.60 
6.05 
6.85 
6.86 
6.15 

May. 

5.65 
5.55 
5.95 
6.00 
5.86 
6.95 
6.05 
5.50 
5.30 
6.10 
5.76 
6.40 
6.20 
6.70 
6.40 
6.25 
6.40 
6.10 
7.10 
6.16 
6.10 
6.40 
4.66 
6.66 
6.65 
5.76 
6.45 
8.95 
6.40 
4.80 
6.96 

June. 

July. 

6.40 
6.05 
6.16 
4.40 
4.26 
6.45 
6.40 
6.60 
6.66 
5.20 
4.86 
5.15 
5.40 
6.00 
6.45 
4.45 
6.00 
4.30 
6.20 
4.06 
6.00 
6.86 
4.80 
6.70 
5.00 
5.75 
6.65 
7.60 
7.10 
6.40 
5.70 

Aug. 

4.70 
7.10 
9.30 
7.20 
6.20 
6.45 
6.65 
19.00 
19.10 
12.75 
9.80 
7.60 
7.60 
7.30 
6.40 
6.45 
6.20 
6.90 
6.15 
6.25 
6.86 
6.60 
6.90 
6.70 
6.70 
10.10 
11.46 
16.90 
7.90 
6.80 
6.25 

Sept, 

• 

6.45 
5.85 
6:45 
5.85 
6.45 
6.25 
5.65 
5.75 
5.60 
5.&5 
5.65 
6.00 
6.65 
5.60 
6.86 
4.15 
5.06 
6.36 
4.65 
6.40 
6.66 
6.06 
6.55 
6.00 
6.25 
4.30 
6.20 
5.80 
4.65 
4.96 

Oct. 

5.20 

5.05 

4.20 

5.15 

4.75 

4.75 

4.45 

5.30 

4.65 

4.25 

5.20 

5.15 

4.20 

5.15 

6.00 

5.06  . 

5.00 

5.15  ' 

6.15 

4.95 

4.70 

4.30 

4.00 

8.95 

3.90 

5.20 

5.00 

5.10 

5.00  1 

4.75  1 

4.25  ! 

1 

Not. 

5.05 
5.20 
5.05 
5.70 

,     5.40 

4.45 

5.95 

5.40 

5.^ 

5.95 

6.05 

6.05 

5.45 

6.50 

5.50 

&» 

5.40 

6.00 

5.06  1 

4.S5 

5.30 

5.35 

5.45 

5.25 

5.35 

5.05 

4.35 

5.10  1 

5.35 

...... .1 

1 

liw. 

1 

2 

5.80 
7.75 
6.90 
6.46 
6.05 
4.95 
6.40 
6.75 
6.40 
5.26 
6.16 
5.20 
4.56 
6.86 
6.40 
6.35 
6.46 
6.66 
4.70 
6.70 
6.86 
6.96 
5.80 
6.86 
6.86 
6.95 
4.60 
4.30 
6.30 
6.45 

.\3 

3 

tOr. 

4 

h  «! 

5 , 

fe  it> 

6 

*.  Ss 

7 

7  2^ 

8 

9 

6  a:' 

10 

S  •*,'> 

11 

12 

13 

.3  •*■' 
>  •* 
5  "> 

14 

-S  ,Vi 

15 

5  sJP 

16 

h  tiri 

17 

(•  10 

18 

a  hi 

19 

4.>^ 

20 

h  (N^ 

21 

3t"@ 

22 

Jt.'Ci 

23 

S.6l» 

24 

a.v^ 

25 

iVS"' 

26 

4  ^> 

27 

•^  ^'" 

28 

ti,>Vi 

29 

f  J 

30 

h  Af 

31 

K  |» 

Note.— The  lower  ^age  heights  during  the  latt«r  part  of  the  year  were  probably  caaned  by  the  fillirir 
of  the  new  dam  at  Ware  Stioals. 

Rating  table  for  Saluda  River  near  Waterloo,  S.  C,  from  January  I  to  DecentherSl,  I9fi4 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge.  , 

Gage 
height. 

1 
t 

Discharge. 
Srcond-fect^ 

Gage 
height. 

Disrhan?*. 

Feet. 

Srcond-fctt. 

Feet. 

Secondr/trt. 

Feti. 

Feet. 

Sectmd-frft 

3.90 

200 

4.90 

472     . 

5.90 

930 

7.80 

2,100 

4.00 

219 

1     6.00 

510 

6.00 

985 

8.00 

2,250 

4.10 

240 

5.10 

550     , 

6.20 

1,095 

8.20 

2,400 

4.20 

262 

'     5.20 

592 

6.40 

1,205 

8.40 

2..S60 

4.30 

286 

5.30 

636 

6.60 

1,320 

8.60 

2,  723 

4.40 

312 

5.40 

682 

6.80 

1,440 

8.80 

2,900 

4.50 

340 

5.50 

730     , 

7.00 

1,560 

1 

9.00 

3,aS5 

4.60 

370 

1     5.60 

780 

7.20 

1,690 

9.50 

3,590 

4.70 

402 

5.70 

830 

7.40 

1,820 

10.00 

4,150 

4.80 

436 

5.80 

880 

7.60 

1,960 

- 

HALL 
HOY 


AND"! 
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The  foregc^ing  table  in  Xmsed  upon  discharge  measurements  ma^ie  ciuring  1903  and 
1904.  It  is  well  defined  between  gage  heights  5  feet  and  7  feet.  Alx)ve  7  feet  the 
curve  is  somewhat  uncertain.  Above  gage  height  10  feet  tlie  rating  curve  is  a  tan- 
gent, the  difference  l)eing  120  per  tenth.  The  table  is  the  same  as  the  1903  table 
above  6  feet  gage. 

EsliniaUd  motvthly  discharge  of  Saluda  River  near  Waterloo,  S.  (\,for  1904^ 

[DruiuHKe  area,  l,0n6  Miuare  milefi.] 


Diacharge  hi  m.H'ond-feet. 


Month. 


Maximum. 


January  . . . 
February  . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


Minimum. 


1,625 

4:^) 

5, 470 

706 

4,870 

755 

1,657 

614 

1,625 

210 

2,065 

286 

1,960 

229 

15, 070 

402 

1,233 

251 

636 

200 

1,260 

299 

2,945 

436 

Run-off. 


The  vear 


15,070 


200 


Mean. 

868 

1,460 

1,398 

1,130 

857 

798 

730 

3,118 

738  ! 

444 

683 

961 

1,099 


^^^^iJilmt^^  I  I>«Pth  in 


0.822 

i.;« 

1.32 

1.07 
.812 
.756 
.691 

2.95 
.699 
.420 
.647  I 


910 


1.04 


0.948 
1.49 
1.52 
1.19 
.936 
.844 
.797 
3.40 
.780 
.484 
.722 
1.05. 

14.16 


REEDY    RIVER   NEAR   WATERLOO,  8.  C. 

This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  the  highway  bridge  2  miles  from  Waterloo,  S.  (I,  on  the  road  to 
Greenwood,  S.  C.  Discharge  measurements  are  made  from  the 
downstream  side  of  the  single-span,  wooden  covered,  highway  bridge 
92  feet  long,  having  a  trestle  approach  of  20  feet  at  the  right  bank  and 
4(K)  feet  at  the  left  bank.  The  initial  point  for  soundings  is  the  left  end 
of  the  downstream  truss.  The  channel  is  curved  for  about  500  feet 
above  and  straight  for  about  500  feet  below  the  station.  The  current 
is  moderate.  Both  banks  are  high  and  wooded.  The  right  bank  over- 
flows under  the  trestle  approach,  and  the  left  bank  over  a  wide  bottom 
during  extreme  floods.  The  bed  of  the  stream  is  composed  of  sand. 
There  is  but  one  channel  at  low  and  ordinary  stages,  broken  during 
high  water  by  the  piers  and  trestle  bents  of  the  bridge.  The  bench 
mark  is  the  top  of  the  downstream  bottom  chord  of  truss,  20  feet  from 
the  initial  point  for  soundings.  Its  elevation  is  19.00  feet  above  the 
gage  datum. 
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Dischirgv  measurements  of  Reedy  River  near  WaUrloOj  S.  ('.,  in  1904- 


mie.  '      Hydn>Kn.pher.         Wadth.         ^^^  .^J^,        ^J^^    ' 


July  27 J.  M.  (files  ...  J  75  '  106 

Septembers..., do 76  188 


Feet.         ikiuarejeti.     Ftrt  per  mcc.        Feet. 

1.62  0.86 

1.32  1.15 


171' 
1'4> 


MISCELLANEOUS   MEASUREMENTS   IN    8ANTEE   RIVER    I>KAINA<1E    BASIN. 

The  following  is  a  list  of  miscellaneous  discharge  measurement^ 
made  in  Santee  River  drainage  basin  during  1J)04: 

Catawba  Hlver  near  Rock  IIlll^  S,  C. — A  measurement  was  made 
January  30  at  Culp's  bridge,  8  miles  northeast  of  Rock  Hill.  The 
gage  height  was  obtained  from  gage  at  Catawba  Power  Company's 
dam. 

Widtli,  320  feet;  area,  1,797  scjuare  feet;  mean  velocity,  0.92  foot  per  second;  jjaa!r» 
height,  99.97  feet;  discharge,  1,648  second-feet. 

Catawba  River  near  Bdnumt^  ^V.  C — A  measurement  was  niaile 
March  4  at  the  Southern  Railway  bridge,  2  miles  east  of  Belmont. 
The  bench  mark  is  the  top  of  the  inside  bar  of  the  downsti'eam  lower 
chord,  at  the  first  crossbeam  from  the  third  pier  from  the  left  bank. 
Its  elevation  was  2(>.70  feet  above  the  water  surface. 

Width,  312  feet;  area,  1,415  square  feet;  mean  velocity,  1.54  feet  per  second;  dis- 
charge, 2,181  second-feet. 

CatawlKi  River. {South  FarJc)  near  Belmont^  N,  C. — On  March  4  a 
measurement  was  made  at  the  Southern  Railway  bridge,  2  miles  we<t 
of  Belmont.  The  bench  mark  is  the  top  of  crossbeam  67  feet  from 
the  left  end  of  the  bridge,  25.00  feet  abov^e  the  datum  of  the  ga^. 

Width,  156  feet;  area,  277  square  feet';  mean  velocity,  2.27  feet  per  sectnul;  ga^ 
height,  1.70  feet;  discharge,  629  second-feet. 

On  March  5  a  measurement  was  made  at  the  wagon  bridge  2  itiiloN 
southwest  of  Belmont.  The  bench  mark  is  the  top  of  the  first  cross- 
beam from  the  left  end  of  the  bridge.  Its  elevation  is  24.00  feetalK>ve 
the  datum  of  the  gage. 

Width,  130  feet;  area,  249  sijuare  feet;  mean  velocity,  2.75  feet  per  secoml;  gate 
height,  2.35  feet;  discharge,  684  second-feet. 

Sahida  Rn)er  near  Waterloo^  S.  C, — A  measurement  was  made, 
September  8,  at  the  wagpn  bridge  on  the  road  to  Greenwood,  S.  C 
The  bench  mark  is  the  top  of  the  downstream  end  of  the  second 
crossbeam  from  the  left  end  of  the  bridge,  28.65  feet  above  the  datum 
of  the  gage. 

Width,  145  feet;  area,  314  square  feet;  mean  veUxiity,  1.85  feet  per  second;  dh^ 
charge,  580  second-feet. 
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SAVANNAH  RITKR  DRAINAGE  BASIN. 

Savannah  River  is  formed  by  the  junction  of  Tugalo  and  Seneca 
rivers,  which  unite  about  100  miles  above  Augusta,  Ga.  It  flows  in  a 
southeasterly  direction,  forming  the  boundary  between  Georgia  and 
South  Carolina,  and  empties  into  the  Atlantic  Ocean  near  Savannah, 
Ga.     It  is  navigable  to  Augusta,  which  is  at  the  fall  line. 

Seaeca  River  is  formed  by  the  junction  of  Little  and  Keowee  rivers, 
Hl>out  5  miles  northeast  of  Seneca,  S.  C.  Both  of  these  tributaries  rise 
in  the  Blue"  Ridge  in  North  Carolina  and  the  northwestern  part  of 
South  Carolina. 

Tugalo  River  is  formed  by  the  junction  of  Chattooga  and  Tallulah 
rivers,  which  join  at  the  western  corner  of  Oconee  County,  S.  C.  It 
flows  in  a  southeasterly  direction,  and  is  a  part  of  the  boundary 
>)etween  Georgia  and  South  Carolina.  Chattooga  River  rises  in  Jack- 
son County,  N.  C,  and  flows  in  a  southwesterly^  direction  along  the 
boundaiy  between  Georgia  and  South  Carolina.  Tallulah  River  rises 
in  Macon  County,  N.  C,  and  the  northwestern  part  of  Rabun  County, 
Ga.,  and  flows  in  a  southeasterlv  direction.  Parts  of  its  course  are  cut 
through  the  solid  rock  for  hundreds  of  feet,  forming  canyons  and  steep 
bluffs.  Throughout  its  entire  length  the  fall  is  very  great,  and  at 
Tallulah  Falls  the  stream  drops  more  than  500  feet  in  a  short  distance. 

Broad  River  joins  the  Savannah  at  the  southeast  corner  of  Elbert 
County,  Ga.  It  rises  in  Habersham  and  Banks  counties,  and  flows  in  a 
southeasterly  direction  to  the  southeast  corner  of  Madison  County,  Ga., 
where  the  South  Fork  joins  it.  From  there  it  flows  east  to  Savannah 
River.  Its  drainage  is  from  a  rolling  country,  and  there  is  a  consid- 
erable amount  of  fall  at  various  points.  At  Anthony  Shoals  the  fall 
is  more  than  50  feet  in  a  short  distance.  Above  Augusta,  Ga.,  there 
is  much  fall,  which  can  be  dev^eloped  for  water  power.  With  excep- 
tion of  the  large  plant  at  Augusta,  very  little  of  this  is  being  used. 

The  following  pages  give  the  results  of  the  data  collected  in  this 
drainage  during  1904. 

TALL.UL.AH   RIVER   AT   TALLULAH    FALLS,  GA. 

This  station  was  originally  established  August  29, 1900,  by  M.  R. 
Hall,  and  records  of  gage  heights  were  obtained  until  October  19, 
1900,  when  the  observer  left  Tallulah  Falls.  The  record  was  resumed 
January  18, 1901,  and  maintained  until  December  31,  1901.  The  sta- 
tion was  reestablished  July  10, 1904,  on  which  date  bench  marks  were 
determined  and  regular  gage  readings  begun.  It  is  located  at  the 
wagon  bridge,  about  one-fourth  mile  above  the  falls  and  about  the 
same  distance  from  the  village  of  Tallulah  Falls,  Ga.  The  gage  is  a 
vertical  rod  10  feet  long,  graduated  to  feet  and  tenths,  spiked  to  a 
small  maple  tree  on  the  left  bank  of  the  river  about  50  feet  above  the 
bridge.  It  is  read  once  each  day  by  J.  T.  McKa}^  who  is  paid  by  the 
Georgia  Geological  Survey.     Discharge  measurements  are  made  from 
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the  iron  wagon  bridge,  which  has  a  single  span  of  KK)  feet  and  rests 
on  timber  piers.  The  initial  point  for  soundings  is  the  end  of  the 
bridge  on  the  upstream  side  at  the  left  bank.  The  channel  is  nearly 
straight  for  3()()  feet  above  and  for  200  feet  below  the  station.  The 
current  is  swift.  Both  banks  are  high,  wooded,  rocky  bluffs,  and  are 
not  subject  to  overflow.  The  bed  of  the  stream  is  composed  of  rock, 
and  is  rough  and  permanent.  There  is  but  one  channel  at  all  stage*^. 
Bench  mark  No.  1  is  the  top  of  a  large  rock  on  the  right  bank,  about 
30  feet  above  the  bridge.  Its  elevation  is  7.51  feet  above  the  zero  of 
the  gage.  Bench  mark  No.  2  is  a  white  paint  mark  on  the  downstream 
rail  of  the  bridge,  marked  '*"  U.  S.  1445."  Its  elevation  is  33.87  feet 
.ibove  the  zero  of  the  gage. 

TH»ch<irye  mnunireuumU  of  Tnllulah  River  at  Talhdah  FnlU,  Ga.,  in  1904. 


Date. 


HydrttRmplM^r. 


Width. 


Area  of 
Heotlon. 


March  IH '  W.  K.  Hall 

May  12 do 

June  11 j  J.  M.  Giles 

June  13 1 do 

July  15 M.  R.  Hall.. 


August  22 

August  23 

September  29  . .!  A.T.  Mitchelson 


W.  E.  Hall 
do  .... 


Feet. 


October  28 . . . 
October  28 . . . 
November  23. 
November  23, 


M.  R.  Hall 

do  .... 

W.  E.  Hall 
do  .... 


51 
56 
55 
56 
56 
53 
53 
55 
52 
52 
53 
53 


Stiuare/cft. 
430 
429 
385 
404 
354 
369 
.357 
330 
327 
321 
354 
349 


Mean 
velocltv. 


(la^e 
height. 


J^rt  per 
1. 
1. 
0. 


»e4\ 

14 

20 

79 

73 

51 

63 

61 

44 

38 

40 

48 

48 


Fret. 
1.65 
1.86 
1.20 
1.05 
.70 

.80 
.50 
.40 
.41 
.77 
.75 


Ilterhailfe. 


Sreond-Jtti. 
4W 
516 
.306 
2J*5 

IS] 
2:« 
218 
145 
125 
127 
171 
109 


Mean  daily  gage  height j  in  fed,  of  TalftUah  Hirer  at  TaUuLaJi,  Falh,  CTa.jfor  1904. 


1 

Day.        I  July. 

I 

Aug. 

Sept. 

Oct. 

• 

Nov. 

1 

1 

Dec.  1 

1 

'        Day. 

1 

July. 

Aug. 

Sept. 

o<»t. 

Nov. 

rNfc. 

i           1 
1 i    0.9 

0.9 

0.5 

0.4 

1 
0.7 

i  17 

0.7 

1.4 

0.7 

0.4 

1 
0.5 

«.« 

2 1 1     1.8 

.8 

.5 

.4 

>  1 

1  18 

.  7 

1.3 

.G 

.5 

.s 

3              ..1 

1.0 
.9 

1.8 

.5 
.5 

.G 
1.0 

.8 

.8 

'  19 

'  20 

.7 
.6 

1.1 
1.5 

.6 
.  7 

.5 
.5 

~ 

4 

.    1 

5              ... 

.9 

1.0 

1     2. 5 

i     2.5 

l.T) 
1.0 

.8 
.8 

.5 
.5 
.5 
.5 

.9 
.6 
.0 
.5 

1.9, 

1.7, 
1.1 
.9  i 

'  21 

'  22 

.6 
.6 

.  7 

■:: 

.8 
1.0 

.6 
.6 
.6 
.0 

.5 

.t; 

.n 

~ 

G 

7 

'  23 

1  24 

S 

.  6 

9 

1     1.6 
1.7 

.8 

.  5 
.5 

.  5 
.5 

1 
.8  1 

.8  1 

,  25 

1.2 
.8 

1.4 
1.2 

.6 
.6 

.5 

1  U 

10 

1  26 

<a 

11 ' '    2.() 

.8 

.5 

.5 

.7 

27 

.7 

1.7 

.6 

.5 

_ 

.9 

12 2.0 

•'' 

.5 

.5 

.7 

1  -28 

mm 

1.5 

.7 

.5 

.5 

2.4 

13 , ,    2.9 

-^ 

.4 

.8 

- 

1  -29 

.8 

1.1 

.C 

.5 

.5 

1.5 

14 ' 1.7 

.« 

.4 

.7 

.  7 

I  :» 

.7 

.9 

.5 

.4 

.6 

1-3 

15 '     .7  :    i.:> 

.  7 

.4 

.() 

31 

.9 

.8 

.4 

1.1 

" 1    -"l  '■•' 

1 

.4 

.5 

.  7 

1 

1 

1 

1 

I 

HA 
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KtUing  table  for  TaUulah  River  at  Tallulah  Falls,  Ga.ffram  July  16  to  December  31, 1904. 


Oage 
height. 


Feet. 

0.40 

0.60 

0.60 

0.70 

0.80 

0.90 

1.00 


DiHcharge. 


Second-feet. 
125 
145 
165 
185 
210 
235 
260 


Feet. 

1.10 

1.20 

1.30 

1.40 

1.50 

1.60 

1.70 


Second-feet. 
290 
320 
355 
395 
435 
.  480 
525 


Ga^e 
heig 


fht. 


Discharge. 


Feet. 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 


Second-feel. 
575 
630 
685 
740 
800 
860 
930 


Gage 
height. 

Diflcharge. 
Second-feet. 

Feet. 

2.50 

1,000 

2.60 

1,070 

2.70 

1,145 

2.80 

1,220 

2.90 

1,300 

3.00 

1,380 

The  above  table  is  based  upon  twelve  discharge  measurements  made  during  1904. 
It  ia  well  defined  between  gage  heights  0.4  feet  and  2  feet.  The  table  ha«  l)een 
extended  beyond  these  limits. 

Estimated  monthly  discharge  of  Tallulah  River  at  Tailulah.  Falls,  Ga.^for  1904. 

[Drainage  area,  191  square  miles.] 


Discharge  in  second-feet. 

Run-ofT. 

Month. 

Maximum. 

Minimum. 

Mean. 

195 
447 
209 
135 
160 
266 

Second -feet 

per  square 

mile. 

1.02 
2.34 
1.09 
.707 
.838 
1.39 

Depth  in 
inches. 

July  15-31 

320 
1,300 
675 
145 
260 
930 

165 
210 
145 
125 
126 
165 

0.645 

August 

2.70 

September 

1.22 

October  ..j 

.815 

November 

.935 

December '. 

.160 

TUGAIiOO   RIVER  NEAR  MADISON,  S.  C. 

This  station  was  originally  established  July  19,  ffi98,  at  Cook's  ferry 
and  was  discontinued  December  31,  1901,  when  the  ferry  was  moved. 
It  was  reestablished  July  7,  1903,  by  M.  R.  Hall.  It  is  located  at 
Holcomb's  ferry,  1  mile  west  of  Madisoi^,  S.  C,  and  900  feet  below  the 
Southern  Railway  bridge.  This  station  is  about  1^  miles  above  the 
point  where  the  old  station  was  located.  The  gage  consists  of  a  verti- 
cal timber  in  three  sections.  The  first  section  reads  from  1  to  16  feet 
and  is  Attached  to  a  sycamore  tree  on  the  left  bank,  about  30  feet  above 
the  ferry  landing.  The  second  section  reads  from  16  to  22  feet  and  is 
attached  to  a  sycamore  tree  on  the  left  bank,  about  18  feet  above  the 
ferry  landing.  The  third  section  reads  from  21  to  31  feet  and  is 
fastened  to  a  locust  tree  on  the  left  bank  at  the  forks  of  the  road, 
about  175  feet  from  the  ferry  landing.  The  gage  is  read  once  daily 
by  T.  A.  Spencer,  a  farmer.  Discharge  measurements  are  made  from 
the  ferryboat,  or  a  small  boat  which  is  held  in  place  by  a  cable 
stretched  across  the  river.     The  initial  point  for  soundings  is  the  side 
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away  from  the  river  of  the  windlass  used  for  stretching  the  cable;  it 
is  located  on  the  ri^ht  bank.  Distances  are  measured  along"  the  hand 
line  which  is  used  to  pull  the  boat  across  the  river. 

The  bed  of  the  river  is  sandy  and  the  current  is  modei-ately  swift. 
The  channel  is  about  160  feet  wide  and  is  fairlv  uniform  in  width  and 
general  appearance  for  some  distance  above  and  below,  the  current 
being  moderately  swift  and  the  channel  straight  for  1,0()0  feet  or  more 
both  above  and  below  the  station.  The  banks  are  both  nioderat<»ly 
high,  but  will  overflow  for  al>out  200  feet  on  right  bank  and  250  feet 
on  the  left.  Both  are  open  and  cultivated  except  a  few  trees  along 
the  edge  of  the  river.  These  conditions  make  it  ]X)ssible  to  obtain 
fairly  good  float  measurements  at  time  of  floods. 

Bench  mark  No.  1  is  a  nail  in  a  willow  tree  on  the  right  Imnk  2<>  feet 
below  the  ferrv  landing.  It  is  7.00  feet  above  the  zero  of  the  irajre. 
Bench  mark  No.  2  consists  of  t^o  large  nails  in  the  locust  tree  to 
which  a  third  section  of  the  gage  is  attached.  They  are  at  an  ele- 
vation of  22.00  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  a 
copper  plug  set  in  solid  rock  on  the  north  side  of  the  railroad  lo^  feet 
from  the  north  rail  and  about  400  feet  east  of  the  east  end  of  the 
Southern  Railway  bridge.  Its  elevation  is  44.27  feet  al)ove  the  zen> 
of  the  gage.  Bench  mark  No.  4  is  the  Geological  Surve\'  standard 
bronze  tablet  marked  "666  Atlanta"  on  the  right  bank  pier  of  the 
Southern  Railway  bridge.  Its  elevation  is  35.37  feet  above  the  zero 
of  the  gage,  and  665.47  feet  above  se^  level. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Tugaloo  River  near  Madison^  S.  C,  in  190S  and  1904^ 


Date. 

1903. 

June  24 

July  7 

July  9... 

July  31 

August  2S  . . . 
SepteHil>er  24 
October  9 

1904. 
January  13  . . 

March  11 

June  10 

July  23 

August  25  . . . 
Sei)temlx»r  (5 . 
October  27... 


Hydrographer.     {    Width. 


Feet. 


J.  M.  Giles. - 
M.  R.  Hall... 
F.  A.  Murray 

do 

do 

do 

J.  M.  Giles.. 


Area  of 
section. 


Mean 
velocity. 


Square  feet.     Feet  per  sec 


F.  A.  Murray.. 

J.  M.  Giles 

do 

B.  S.  Drane 

W.  E.  Hall..-. 

B.  S.  Drane 

M.  R.  Hall.... 


724 
704 
665 
579 
462 
420 
473 

388 
691 
425 
348 
499 
470 
284 


2.66 
2.38 
2.30 
1.88 
1.72 
1.70 
1.96 

1.75 
2.43 
1.90 
1.78 
2.14 
1.91 
1.43 


Gage 
height. 


Fret. 
4.00 
3.69 
3.40 
2.84 
2.18 
1.94 

1.81 
3.86 
2.30 
1.80 


Dischaii^. 


2. 

96 

2. 

.^2 

1. 

41 

i>eeond-/e*  t.. 

1,927 

1,677 

l,5;i5 

l.Oill 

79S 

715 

927 

tW) 
1,679 
809 
622 
1,070 
896 
406 


HALL  ASn 
MOYT. 


] 
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Mean  dUiily  gage  height^  in  feet,  of  Tugalao  River  near  Madison^  S.  C,  for  1904. 


Dav. 


1. 

2. 

3. 

4. 

5. 

6. 

7- 

«. 

9. 
10. 
11. 
12. 

la. 

14. 

15. 
IC. 
17. 
IH. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 
2.00 

Mar. 

• 
Apr. 

3.35 

May. 
2.70 

June. 
3.80 

July. 
2.40 

Aug. 

Sept. 

Oct. 
1.60 

Nov. 
1.40 

J^6G« 

1.70 

2.70 

3.70 

2.35 

1.50 

1.70 

1.90 

2.80 

3.20 

2.70 

3.40 

2.00 

3.95 

2.20 

1.66 

1.40 

1.60 

1.80 

1.90 

2.80 

3.10 

2.85 

2.80 

2.00 

2.50 

2.40 

1.60 

1.50 

1.60 

1.70 

1.90 

2.60 

2.95 

3.10 

2.60 

1.90 

2.40 

3.20 

1.65 

2.20 

1.70 

1.60 

1.90 

2.50 

2.90 

2.90 

2.40 

1.80 

2.40 

3.20 

1.60 

2.20 

2.00 

1.60 

1.80 

2,30 

2.85 

2.80 

2.35 

1.80 

2.45 

2.65 

1.50 

2.00 

4.90 

1.90 

2.00 

13.20 

4.10 

2.70 

2.30 

1.80 

7.00 

2.80 

1.50 

1.60 

2.60 

1.70 

4.80 

6.90 

3.90 

4.96 

3.30 

1.80 

6.90 

2.20 

1.60 

1.50 

2.10 

1.60 

3.00 

5.00 

6.10 

6.50 

2.50 

2.10 

4.10 

2.20 

1.50 

1.50 

1.90 

1.60 

2.50 

4.20 

4.50 

4.50 

2.30 

2.30 

6.50 

2.20 

1.66 

1.50 

1.80 

1.70 

2.(iO 

3.90 

4.00 

3.60 

2.30 

2.00 

6.60 

2.05 

1.50 

1.60 

1.80 

1.70 

2.90 

3.60 

3.70 

3.30 

2.80 

1.90 

6.40 

2.10 

1.45 

1.50 

1.80 

1.80 

2.30 

3.40 

3.50 

3.10 

2.20 

2.10 

3.80 

2.06 

1.45 

1.80 

1.80 

1.70 

2.10 

3.50 

3.40 

3.05 

2.10 

1.80 

3.30 

2.00 

1.40 

2.00 

1.70 

1.70 

2.10 

3.60 

3.30 

3.00 

2.10 

1.76 

2.80 

1.90 

1.40 

1.80 

1.70 

1.60 

2.10 

3.30 

3.20 

2.90 

•A  10 

1.70 

3.00 

1.86 

1.40 

1.60 

1.66 

1.90 

2.10 

3.10 

3.10 

2.80 

2.10 

1.80 

2.50 

1.90 

1.40 

1.50 

1.70 

2.00 

2.00 

3.05 

3.10 

2.76 

2.10 

1.80 

2.30 

1.80 

1.40 

1.60 

1.75 

1.80 

2.20 

2.95 

3.00 

2.70 

2.10 

1.70 

2.20 

1.75 

1.36 

1.60 

1.70 

1.80 

4.40 

2.85 

2.90 

2.60 

2.50 

1.60 

3.80 

1.75 

1.36 

1.60 

1.65 

1.70 

3.20 

2.80 

2.95 

2.55 

2.50 

1.65 

2.60 

1.75 

1.40 

1.56 

1.60 

'    6.10 

9.50 

5.30 

2.90 

2.50 

2.20 

2.20 

2.20 

1.90 

1.36 

1.60 

1.65 

6.50 

5.40 

5.30 

2.80 

2.60 

2.10 

1.85 

2.06 

1.80 

1.86 

1.80 

1.60 

1    3.40 

4.20 

5.80 

2.80 

2.45 

2.00 

1.76 

2.20 

1.7Q 

1.35 

1.70 

1.60 

2.80 

3.50 

4.90 

2.80 

2.45 

1.96 

1.90 

2.20 

1.70 

1.40 

1.66 

1.90 

2.40 

8.20 

4.70 

2.90 

2.40 

1.96 

2.00 

2.86 

1.70 

1.40 

1.60 

2.00 

2.30 

3.00 

4.30 

3.30 

2.40 

1.90 

1.90 

4.50 

1.70 

1.40 

1.60 

1.96 

2.20 

3.00 

4.00 

2.90 

2.80 

1.90 

1.70 

8.60 

1.65 

1.40 

1.60 

7.00 

2.20 

2.80 

3.70 

2.85 

2.25 

2.70 

2.00 

2.80 

1.70 

1.45 

1.60 

3.50 

2.10 

..••.•• 

3.50 

2.80 

2.40 

8.60 

1.90 

2.50 

1.60 

1.40 

1.50 

2.70 

2.00 

1 

3.40 



5.20 

3.96 

2.80 

1.40 

2.80 

Rating  table  for  Tugaloo  River  near  Madimn^  S.  C,  from  January  1  to  December  SI,  1904. 


Gage 
height. 

Discharge. 

I     Gage 
'    height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

'      J^et. 

Second-feet. 

Feet. 

Second-feet. 

FRet. 

Second-feet. 

1.36 

435 

2.40 

868     , 

3.50 

1,468 

6.20 

2,665 

1.40 

452 

2.50 

915 

3.60 

1,519 

5.40 

2,830 

1.50 

490 

•2.60 

963 

3.70 

1,582 

5.60 

3,000 

1.60 

528 

2.70 

1,012 

3.80 

1,646 

5.80 

3,180 

1.70 

567 

2.80 

1,062 

3.90 

1,710 

6.00 

3,365 

1.80 

607 

2.90 

1,114 

4.00 

1,775 

6.20 

3,555 

1.90 

648 

3.00 

1,168 

4.20 

1,905 

6.40 

3,745 

2.00 

690 

3. 10 

1,224 

4.40 

2,045 

'    6.60 

3,940 

2.10 

733 

3.  20 

1 

1,281 

4.60 

2, 195 

6.80 

4,140 

2.20 

777 

3.30 

1,339 

4.80 

2,345 

7.00 

4,340 

2.  :^o 

822 

3.40 

1,398 

5.00 

2,505 
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The  foregoing  table  is  based  upon  7  disiihaiige  nieasurementa  ma<le  during  19(U 
It  is  fairly  well  define<l  between  gtige  heights  1.50  feet  and  4  feet. 

Estimated  monthly  dinrharge  of  Tugaloo  JRiver  near  Madistm^  S.  ('.,jor  1904. 

[Drainage  area,  593  square  miles.] 

1 
I  Discharge  in  8epoiid-foel.  Run-off. 

Month. 


Jan  nan' . . 
February . 

March 

April 

Mav 

June 

July 

August 

September 
October  . . 
November 
December 


Maximum. 

3,  840 
7,  325 

14,450 
3,460 
3,840 
1,519 
1,742 

4,  340 
1,281 

528 

t  i  I 

4,340 


The  year I       14, 450 


Minimum. 

528 
607 
822 
1 ,  062 
800 
648 
509 
712 
528 
4:^5 
452 
490 


Mean. 

829 

1,304 

2,100 

1,369 

1,259 

880 

682 

1,543 

tit 

469 

539 

830 


Second- feel   tv^^,k  i« 
per  squaw*    ^;*J>  *" 
lite.        1    '°«^**^- 


mi 

1.40 
2.20 
3.  54 
2.31 
2. 12 
1.48 
1.15 
2.60 
1.21 
.791 
.909 
1.40 


1.61 
2.  37 
4.08 
2.  oS 

2.  44 
l.»>5 

!.;« 

3.  00 

i.a=>" 

.912 
l.Ol 
1.61 


435 


1,043  1.76  23.94 


SAVANNAH    RIVElt   AT   AUGUSTA,  GA. 

Observations  of  river  heights  hav^e  been  maintained  since  1875  by 
the  city  of  Augusta  at  the  city  highway  bridge.  The  results  have 
been  printed  in  a  volume  entitled  ''  Stages  of  Water  at  liiver  Stations," 
prepared  by  the  United  States  Weather  Bureau.  Those  for  1875  to 
1889  are  given  in  part  8,  those  for  1890  to  1892  in  part  4,  and  tha<e 
for  1893  to  1895  in  part  5  of  this  publication.  The  gage  consists  of  a 
vertical  timber  fastened  to  the  pier  and  graduated  to  feet  and  inches. 
Readings  are  made  four  times  a  day  by  J.  M.  Youngblood,  keeper 
of  the  city  bridge,  usually  at  6  a.  m.,  12  m.,  6  p.  m.,  and  9  p.  m. 
The  6  a.  m.  readings  are  those  used  by  the  Weather  Bureau,  but  in 
the  publications  of  the  United  States  Geological  Survej^  since  19(X)  the 
average  of  all  four  of  the  daily  readings  is  used  and  is  redu(*ed  to  feet 
and  tenths  of  feet. 

Discharge  measurements  are  made  from  the  North  Augusta  Bridgi* 
at  Thirteenth  street  in  the  city  of  Augusta,  while  the  city  gage  is 
located  at  the  city  bridge  at  Fifth  street,  which  is  about  a  mile  l)elow. 

The  North  Augusta  Bridge  consists  of  three  iron  spans,  20S  feet 
each,  with  319  feet  of  wooden  approach  on  the  right  bank  and  259 
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feet  on  the  left.  The  channel  is  straight  for  a  long  distance  above 
and  below  and  is  about  560  feet  wide  at  low  water.  The  banks  are 
high,  but  will  overflow  at  times  under  a  part  of  the  length  of  the 
approaches  and,  at  very  high  stages,  for  a  long  distance  on  either  side 
of  the  river  beyond  the  ends  of  the  bridge.  The  bed  of  the  river  is 
sandy  and  undergoes  considerable  change.  The  current  is  swift. 
Measurements  are  made  from  the  downstream  side  of  the  bridge,  and 
the  initial  point  is  the  end  of  the  iron  bridge  at  the  right  bank  on  the 
downstream  side. 

The  gage  at  the  city  bridge,  1  mile  below  the  measuring  station,  is 
a  heavy  vertical  timber,  graduated  to  feet  and  inches,  and  is  bolted 
to  the  first  bridge  pier  which  is  in  the^  water.  It  is  on  the  side  of  the 
pier  near  the  upstream  corner,  facing  the  right  bank.  The  zero  of 
the  gage  is  the  datum  of  all  the  city  levels,  and  any  city  bench  mark 
can  therefore  be  used.  A  point  is  established  on  the  North  Augusta 
bridge  from  which  to  measure  down  with  a  steel  tape.  This  is  the 
top  of  the  plate  through  which  the  top  pipe  of  the  bridge  fencing 
passes,  which  is  riveted  to  the  right  side  of  the  intermediate  post  at 
the  downstream  end  of  the  third  floor  beam  from  the  right-bank  end 
•of  the  bridge,  and  at  ordinar}^  stages  it  is  55.(X)  feet  above  water,  less 
the  reading  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 


Discharge  ineaguremejtts  of  Savannah  River  at  Augusta^  Ga.,  in  190S  and  1904. 


Date. 


1903. 

JnnelO 

September  29 
December  3.. 

1904. 
Februarys.... 
February  15.. 

April  7 

July  14 

August  10 

October  9 

October  18... 


Hydrofirrapher. 


M.  R.  Hall 

....do 

.1  W.  E.  Hall 


width. 


Feet. 


M.  R.  Hall 526 

W.  E.  Hall......  534 

M.  R.  Hall 1  518 

W.  E.  Hall 519 

M.  R.  Hall im 

do 522 


(to 


522 


Area  of 
section. 


Square  feet. 
7,303 
?,  075 
3,069 

3, 293 
3,  978 
3,484 
2,904 
13,  200 
2,  387 
1,998 


Mean 
velocity. 

Gage 
height. 

Diicharge. 

Feet  per  sec. 

Feet. 

Sfcnnd-feet. 

2.43 

15.10 

17,740 

1.24 

7.13 

3,831 

1.27 

7.20 

3.898 

1.43 

7.50 

4,  714 

1.69 

8.70 

6,714 

1.62 

,     7.96 

5, 647 

1.32 

6.45 

3, 826 

4.22 

24.  57 

55,  680 

1.29 

5.77 

3,068 

1.03 

5.07 

2,057 
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Mean  cUnly  gage  heig 

Mar. 

8.8 

ifeet,  I 

Apr. 

>/  Savanruih  River  ^ 

%t  Aug 
Aug. 

ugta,  C 

ra.f/o 

Oct. 
5.3 

r  1904. 
Not. 

Dfty. 

Jan. 
7.8 

Feb. 
8.0 

May. 

June. 

July. 
6.8 

Sept 

IM 

i 

8.6 

7.4 

9.2 

7.7 

7.3 

5.1 

-vT 

2 

7.2 

7.9 

8.6 

8.6 

7.5 

11.2 

7.6 

7.1 

7.0 

4.8 

4.h 

6.1 

8 

7.1 

7.9 

8.6 

8.8 

7.3 

9.1 

6.8 

8.9 

7.0 

Sc3 

5.4 

"1..: 

4 

7.2 

7.7 

8.7 

8.2 

7.3 

7.9 

5.8 

8.6 

6.2 

5.2 

5.4 

»i.^ 

5 

7.8 

7.6 

8.4 

8.1 

7.6 

7.0 

6.4 

10.4 

9.3 

4.9 

5.6 

1  ■' 

6 

7.2 

7.7 

8.1 

8.0 

7.5 

6.9 

6.0 

8.6 

11.1 

5.0 

6.  It 

*  4 

7 

7.1 

7.4 

10.4 

7.9 

7.8 

7.0 

5.5 

8.4 

10.4 

5.3 

6.7 

11  5 

8 

6.8 

9.0 

16.3 

8.2 

7.0 

7.6 

5.6 

16.8 

8.1 

4.7 

6.:^ 

H    » 

9 

7.0 

11.9 

16.2 

9.1 

8.8 

8.0 

5.1 

24.5 

7.3 

3.8 

6.4 

^. : 

10 

7.0 

11,2 

12.6 

10.1 

8.9 

7.1 

6.2 

24.5 

7.0 

5.5 

6.0 

11 

7.8 

14.4 

10.6 

9.8 

8.9 

6.0 

7.0 

19.1 

6.5 

5.2 

5.6 

■  -  » 

12 

7.4       12.7 

9.7 

8.7 

8.0 

6.0 

6.9 

14.8 

6.7 

4.1 

.S,5 

18 

7.6  !    10.7 

7.4  '      9-2 
• 

9.3 
9.1 
9.1 
9.4 
9.0 

8.4 
8.2 
8.0 
8.0 

7.8 

7.6 
7.5 
7.0 
7.1 
7.2 

6.7 
6.6 
6.5 
6.4 
6.2 

6.7 
6.3 
5.7 
5.4 

4.8 

11.8 

9.6 

9.3 

10.3 

10.7 

6.4 
6.8 
6.1 
6.1 
5.8 

5.2 
4.6 
4.5 
3.8 
5.5 

5.4 
6.6 
6.S  ■ 
7.0 
6.7 

7.  •! 

14 

7.1 

16 

7.6 
7.6 
7.2 

8.7 
8.6 
8.4 

7  f 

16 

7  t' 

17 

t\.'» 

18 

7.6 

8.2 

8.4 

8.0 

7.0 

6.0 

6.6 

9.1 

6.5 

4.3 

6u3 

7.4 

19 

7.7 

7.6 

7.4 

7.6 

18.1 

18.4 

11.6 

9.4 

6.6 

8.2 

8.2 

8.0 

7.9 

8.1 

8.9 

11.6 

14.6 

18.6 

15.7 

12.6 

10.6 

9.5 

0.1 

9.0 

8.4 

8.2 

8.8 

8.6 

9.6 

11.1 

13.4 

11.9 

10.6 

ia4 

9.6 
9.1 

8.8 

8.0 
7.9 
7.8 
7.7 
7.7 
7.6 
7.6 
7.6 
7.6 
7.9 
7.8 
7.6 

7.0 
6.8 
6.8 
6.6 
6.7 
6.6 
6.4 
6.4 
6.4 
6.4 
6.6 
6.6 
6.8 

5.2 
6.5 
6.6 
7.1 
7.2 
6.7 
6.1 
6.4 
6.2 
6.7 
6.7 
6.6 

6.4 

6.5 
5.8 
6.2 
5.0 
10.1 
7.7 
8.7 
7.8 
7.6 
9.5 
8.5 
6.8 

8.3 

7.6 

10.1 

9.0 

7.4 

7.1 

6.9 

6.8 

9.2 

12.6 

12.4 

9.9 

8.0 

5.7 
6.6 
5.5 
5.6 
5.7 
6.6 
6.5 
5.7 
5.4 
6.6 
6.6 
6.3 

4.5 
4.3 
5.1 
4.2 
3.8 
5.5 
4.8 
4.8 
4.2 
6.4 
5.3 
8.8 

5.6 

1 

5.9 

5.4  1 
6.3 

5.8 

1 

6.4 

5.9 
6.2 

5.9 

1 

5.6 
6.2 
5.7 
5.4 

7.6 

20 

7.1 

21 

7.1 

22 

€.♦' 

28 

&> 

24 

6.3 

26 

6.1 

26 

6.4 

27 

6.S 

28 

7.* 

29 

9l: 

30 

9.9 

81 

8.3 

a  All  gage  beighta  mean  of  four  readingB  per  day:  6  a.  m.,  12  m.,  6  p.  in.,  9  p.  m 
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Jtatlng  table  for  Savannah  River  at  Augtutaj 

Ga.yfram  January  J  to  December  Sl^  190 

Gage 
height. 

Ffft. 

Discharge. 

Gage 
height. 

Discharge. 

Oage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Second-fcH. 

/Vrt, 

Second-feet. 

FeH. 

Seetmd-feei. 

i      Feet.    . 

Secondrfeet. 

3.80 

1,450 

5.80 

2,870 

13.50 

15,080 

21.50 

38,900 

3.90 

1,500 

6.00 

3,050 

'     14.00 

16,200 

22.00 

41,000 

4.00 

1,550 

6.50 

3,550 

14.50 

17,350 

22.50 

43,300 

4.10 

1,610 

,      7.00 

4,100 

15.00 

18,550 

23.00 

45,800 

4.20 

1,670 

7.50 

4,680 

15.50 

19,780 

23.50 

48,700 

4.30 

1,730 

8.00 

5,300 

16.00 

21,050 

24.00 

52,000 

4.40 

1,790 

8.50 

5,980 

16.50 

22,350 

24.50 

55,760 

1       4.50 

1,850 

9.00 

6,700  1 

17.00 

23,700 

25.00 

60,000^ 

4.60 

1,920 

'      9.50 

7,480  i 

17.50 

25,120 

25.50 

64,500 

4.70 

1,990 

10.00 

8,300 

18.00 

26,600 

26.00 

69,000 

4.80 

2,060 

10.50 

9,150 

18.50 

28,170 

26.50 

73,500 

4.90 

2,130 

11.00 

10,050 

19.00 

29,800  1 

27.00 

78,000 

5.00 

2,200 

11.50 

10,980 

19.50 

31, 470 

27.50 

82,500 

5.20 

2,360 

12.00 

11,950 

!    20.00 

33,200 

28.00 

87,000 

5.40 

2,520 

12.50 

12,950 

20.50 

35,020 

• 

5.60 

2,690 

13.00 

14,000 

21.00 

36,900 

The  above  table  is  based  upon  discharge  measnrements  made  during  1899-1904 
and  is  fairly  well  defined. 

Estimated  monthly  discharge  of  Savannah  River  at  Augusta^  Ga,,  for  1904* 

[Drainage  area,  7,294  aqnarfr  miles.] 


Month. 


January  

February ...... 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  vear 


Discharge  in  second-feet. 


Maximum. 

14,860 

28, 170 

21,830 

8,470 

6,550 

10, 410 

8,470 

55,750 

10,230 

2,690 

4,100 

10,980 

55,  750 


Minimum. 


3,880 
4,560 
5,430 
4,680 
2,690 
2,360 
2,060 
3,880 
2,440 
«1,450 
2,060 
2,780 


1,450 


Mean. 


5,583 
9,206 
8,579 
5,512 
4,292 
4,088 
3,769 
11,710 
3,796 
2,079 
3,015 
4,772 


5,533 


Run-olT. 


Second-feet 

per  square 

mile. 


0.765 
1.26 
1.18 
.766 
.588 
.560 
.517 
1.61 
.520 
.285 
.413 
.654 


Depth  in 
inches. 


.769 


0.882 
1.36 
1.36 
.844 
.678 
.626 
.696 
1.86 
.680 
.329 
.461 
.754 

10.33 


nThe  low  days  in  October  occurred  on  Sundays,  when  the  mills  were  not  running,  and  water  was 
being  held  back  by  the  dam. 
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[so.  127. 


CHAUOA   RIVER   NEAR   FORT  MADISON,  8.  C. 

« 

A  station  was  established  on  Chauga  River  at  Bryan  wagt>n  bridge, 
2  miles  east  of  Fort  Madison  and  1  mile  above  the  mouth  of  the  river, 
by  M.  K.  Hall,  and  measurements  were  made  during  1900  and  1901  in 
connection  with  the  old  station  on  Tugaloo  River  at  Cooks  Ferry. 
When  the  Tugaloo  River  station  was  reestablished  in  1903  the  Chauga 
River  station  was  also  reestablished  as  a  bench-mark  station.  No  ghge 
has  been  established,  but  all  discharge  measurements  are  referred  to 
a  bench  mark.  Discharge  measurements  are  made  from  the  upstream 
side  of  the  single-span  wooden  bridge.  The  bridge  is  supported  by 
log  cribs  which  are  filled  with  rock  and  anchored  to  l>ed  rock.  The 
floor  of  the  bridge  is  about  10  feet  above  low  water.  The  initial  point 
for  soundings  is  the  top  of  anchor  bolt  in  upstream  corner  of  the 
right  bank  abutment.  The  channel  is  straight  for  about  5(H>  feet 
above  the  station;  below,  it  is  curved  for  about  50  feet,  and  then 
straight.  The  current  is  swift.  The  right  bank  is  high,  clean,  and 
liable  to  overflow  during  freshets.  The  left  bank  is  high,  rocky, 
wooded,  and  is  not  subject  to  overflow.  Floods  can  not  be  measured, 
as  high  water  goes  over  the  bridge.  Bench  mark  No.  1  is  a  nail  in  a 
sycamore  sapling  on  the  left  bank  about  100  feet  above  the  bridge. 
Bench  mark  No.  2  is  the  top  of  the  downstream  guard  rail  7  feet  from 
right  bank.  Its  elevation  is  10.00  feet.  Bench  mark  No.  3  is  a  large 
nail  driven  horizontally  in  the  center  of  the  downstream  end  of  the 
lowest  cross  log  of  the  right  bank  crib  abutment.  Elevation,  4.60  feet 
above  datum. 

IMscharge  measuremenU  of  Chauga  Hirer  near  Fort  MadiMon^  S.  C,  in  1904. 

Area  of  Mean  Gajre     ,  ni„.H.«^ 

uection.  veloctty.       height   !  **i*»»*nf* 


Date. 


June  10 

Septeml)er  5 . 
October  27... 


Hydrographer. 


J.  M.  Giles. . 
I  B.  S.  Drane. 
M.R.  Hall.. 


Width. 

Feet. 
39 
40 
37 


Sqtiare/ed. 
61 
87 
48 


I'M  per  sec. 
1.49 
1.64 

i.;i3 


Fed.      I  i:iecond-/€*-t. 
0.91   I  91 

1.20  14;^ 

.44  '  64 


SENECA   RIVER   NEAR  CLEM80N   COLLEGE,  S.  C. 

« 

This  .station  was  established  by  M.  R.  Hall  as  a  regular  station  on 
December  8,  1903,  at  which  time  a  boxed  chain  gage  was  installed 
and  the  bench  marks  were  established.  A  vertical  gage  had  been  put 
in  July  19,  1903,  by  F.  A.  Murray,  and  records  obtained  from  it  for 
a  portion  of  the  time.  The  station  is  located  at  the  iron  wagon  bridge 
about  3  miles  south  of  Clemson  College,  S.  C,  and  about  800  feet  up 
the  river  from  the  crossing  of  the  Blue  Ridge  Railroad,  which  L>  a 
branch  of  the  Southern  Railway.  The  bridge  is  a  single  span  of  iron, 
about  157  feet  long,  with  40  feet  of  trestle  approach  on  the  right  bank 
and  70  feet  on  the  left  bank.     At  ordinary  stages  the  channel  is  about 
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150  feet  wide.  The  rij^ht  bank  is  high  and  will  not  overflow,  but  the 
left  bank  will  overflow  for  a  considerable  width  at  a  ga^e  height  of 
about  23  feet.  The  bed  of  the  river  is  sandy.  The  current  is  moder- 
ate. At  low  stages  there  is  a  dail}'  fluctuation  of  about  1  foot  in  the 
gage  heights,  caused  by  the  operation  of  water  powers  above.  On 
this  account  the  gage  is  read  twice  each  da}^,  and  a  mean  of  the  two 
readings  is  used.     The  observer  is  M.  L.  Sanders. 

Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge,  and  the  initial  point  is  the  center  of  the  tubular  iron  pier  at 
the  right  bank  downstream.  The  boxed  chain  gage  is  located  on  the 
lower  chord  on  the  downstream  side.  The  24-inch  box  extends  from 
20  to  22  feet  from  the  initial  point.  The  chain  is  31.82  feet  long  from 
the  bottom  of  the  weight  to  the  marker.  The  vertical  gage  is  of  2  by 
4  inch  timbers  in  5-foot  sections,  fastened  to  a  scantling  which  is 
clamped  to  the  iron  braces  between  the  cylinders  of  the  right  bank 
pier.  Both  gages  are  in  good  condition,  except  that  mud  accumulates 
at  the  lower  end  of  the  vertical  gage. 

Bench  mark  No.  1  is  the  top  of  the  upstream  cylinder  of  the  right 
bank  pier  at  a  point  marked  '^  B.  M."  by  chisel  cuts.  Its  elevation  is 
28.95  feet  above  gage  datum.  Bench  mark  No.  2  is  a  copper  plug  set 
in  rock  on  the  right  bank  under  the  railroad  bridge  and  about  20  feet 
to  the  right  of  the  center  pier.  Its  elevation  is  10.27  feet  above  gage 
datum.  This  rock  is  low  and  has  been  uncovered  by  erosion  of  the 
bank.  Bench  mark  No.  3  is  a  bench  cut  on  the  root  of  a  hickory  tree 
at  the  fork  of  the  roads  about  100  feet  from  the  right  bank  end  of  the 
bridge.     Its  elevation  is  30.52  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  K.  Hall,  district  hydrographer. 

Discharge  measuremeiits  of  Seiifca  Rir^r  near  (Henmm  College^  S.  (A,  in  190S  and  1904. 


Dale. 

1908. 

July  10 

July  28 

July  29 

August  27 

September  23  . . 

October  9 

December  8 


Hydrographer. 


F.  A.  Murray . 

do 

(k) 

do 

do 

J.  M.  (iilea... 
W.  K  Hall... 


1904. 

January  14 F.  A.  Murray 

January  14 do 

January 28 ,  W.  K.  Hall.. 


Width. 

J'Cft. 

148 
148 
148 
147 
134 
149 
131 


Area  of 
section. 


Mean 
vekK'ity. 


Siiuarv  feet.     Ffd  jMf  hcc. 


I 


128  . 

140 

148 


r48 


538 
434 
316 
473 
326 

336 
426 
529 


1.85 
1.82 
2.00 
:\00 
1.95 
2.22 
1.65 

1.78 
1.88 
1.94 


ft  age 
height. 


Feet. 
4.54 
3.  53 
3.  56 
3.14 
2.51 
3.  43 
2.21 

2.23 

2.87 
3.41 


Discharge. 

Second-fcfl.  - 
1 ,  388 

959 
1,077 

869 

616 
1,050 

539 

601 

802 
1,027 
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Discharge  ineasuremeTUs  of  Seneca  Riv^r  near  Clemwn  College ^  S.  C,  etc. — Continuf*!. 


Diite. 


Hydrogiupher. 


1904— Cont'd. 

March  10 1  J.  M.  (iiles  . 

March  11 i do 

May  11 1  W.  K  Hall. 

June  9 1  J.  M.  Giles  , 

June  9 ' do 

July  16 B.  R.  Drane. 

Augu8t25 i  W.  E.  Hall. 

September  6  . .  .|  B.  8.  Drane. 

Octol^er  5 do 

I 
December  6 i do 

December  6 do 


Width. 

Feet. 
148 
148 
148 
147 
147 
142 
128 
148 
145 
150 
150 


Area  of 
section. 


Square  feet. 
722 
653 
488 
494 
524 
208 
331 
487 
300 
874 
778 


Mean 
velocity, 


6a#re 
heig'ht. 


I>i9rh<tnrr 


Feri  j*€T  tec. 

2.;« 

2.29 
2.00 
1.86 
1.94 
1.37 
1.54 
1.90 
1.73 
2.60 
2.44 


»  I 


Feet. 
5.28 
4.76 
3.43 
3.55 
3.  73 
1.41 
2.38 
3.40 
2.15 
6.  'i5 

n    =»'> 


l,fvS»i 

l,4V'l 

'.<:> 

9-211 
1,01=^ 

.11  e^ 

924 

2,:f74 

l,9iU 


Mean  daily  gage  height^  hi  feel^  of  Seneca  River  near  Clemson  College,  S.  C. ,  ffr  J904, 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21- 
22. 
23, 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Jan.  ,  Feb. 


2.55 
2.66 
2.50 
2.75 
2.30 
2.30 
2.60 
2.70 
2.55 
2.46 
2.75 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.75 
2.50 
2.50 
2.45 
8.05 
6.90 
4.35 
3.85 
8.25 
3. 10 
3.00 
3.10 
3.05 
2.85 


2.85 
2.75 
2.86 
2.85 
2.80 
2.60 
2.70 
4.45 
3.90 
3.70 
3.65 
3.25 
3.25 
3.10 
2.76 
2.95 
2.70 
2,75 
3.25 
6.70 
4.45 
10.15 
6.45 
5.16 
4.35 
3.75 
4.05 
4.00 
3. 55 


Mar.     Apr.  j  May.  >  June.  '  July. 


3.20 

3.80 

3.10  1 

6.40  1 

3.56 

3.80 

3.15 

4.00 

3.40 

3.10 

3.45  1 

3.30 

8.30 

3.60 

3.35 

3.20 

3.46 

8.40 

3.60  I 

2.85 

3.05 

3.50 

8.25 

3.20 

11.70 

4.75 

3.06 

4.20 

8.00 

6.25 

8.65 

4.80 

6.00 

5.25 

6.20 

3.60 

5.1c 

4.15 

4.36 

3.10 

4.80 

4.25 

4.15 

3.40 

4.55 

3.95 

3.45 

2.75 

4.15 

3.95 

3.40 

2.70 

4.25 

3.70 

3.36 

2.70 

4.05 

3.75 

3.20 

2.60 

8.90 

4.10 

3.20 

2.70 

3.75 

3.75 

3.00  1 

2.60 

3.75 

3.50 

3.20  , 

2.50 

3.70 

1    3.45 

3.00  1 

2.30 

3.30 

1    3.46 

3.00 

1 

3.55 

3.60 

3.45 

3.10  1 

3.00  1 

4.80 

1     3.40 

2.  .50 

2.50 

5.70 

3.50 

1    2.95  1 

2.50 

fi.' 50 

3.50 

2.75  1 

2.45  1 

5.30 

3.20 

2.50  1 

2.20 

4.20 

3.30 

2.50  ' 

2.00 

4.70 

3.60 

,    2.50 

2.05 

4.4P 

3.10 

2.40  ' 

2. 45 

4.30 

3.20 

1     2.55  ' 

3.10 

4.10 

1    3.50 

'     3.10  ' 

4.10 

3.90 

1 

'    7.00  ' 

2.95 
2.50 
2.40 
2.10 
1.75 
2.30 
2.30 
2.00 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.10 
2.05 
2.45 
2.40 
2.55 
1.85 
2.00 
2.45 
2.55 
2.00 
2.60 
2.70 
2.10 
2.30 
2. 45 
2.40 
2.45 


Aug.     Sept.      Orl.    ,  Nov.      r*tT . 


4.46 

3.95 
3.25 
2.65 
3.15 
4.45 
7.00 
9.00 
5.10 
4.UQ 
5.50 
6.0i) 
4.60 
3.70 
3.15 
5.35 
3.70 
8.60 
2.85 
4.40 
3.10 
2. 50 
2.90 
2.85 
3.20 
3.10 
4.30 
4.75 
3.10 
3.15 
3.00 


1 
'2.70 

3.15  ' 

2.80  ' 

2.55  ' 

3.20  I 

3.10  ! 

2.70  ' 

2.70  I 

2.80  I 

2.70 

2.80  ' 

2.65  ' 

2.75  1 

2.75  1 

2. 45 

2.45 

2.50 

2.35 

2.45 

2.a5 

2.45 

2.90 

3.00 

2.90 

2.35 

2.40 

2.25 

3.45 

2.95 

2.ro 

I 


2.40 
2.25 
2.25 
2.00 
1.95 
1.95 
1.85 
1.50 
1.80 
1.80 
1.95 
2.40 
1.80 
2.30 
2.25 
1.35 

i.:6 

1.75 
1.25 
1..30 
1.40 
1.70 
1.40 
1.60 
1.70 
1.80 
1.75 
1.80 
1.70 
1.45 

1.7:. 


1.90 

1.95 

1.90 

S.06 

2.70 

2.55 

2.55 

2.00 

1.9S 

2.15 

2.05 

2.45 

2.60 

2.70 

2.90 

2.60 

2,2.'^ 

2.20 

2.60 

2.1.'^  ' 

2. 25 

2. 2.'» 

2.W 

2.  GO 

2.65  j 

2.60  i 

2-06 

2.05 

2.  as 

2.05 


2  ■J' 

-.L]'. 

2.  --'» 

2.'.»"' 

2.^' 

6.U 

5.7-T 

.■?..v» 

2.4-^ 
2.40 
2  W 

2.;^' 

2.T<' 

2.  '*• 
2.4-> 
2.:5D 
2-  ;ai 
2  :i» 
2.1'. 
I.l"' 
2.  l'^ 
2.4-*' 

4.  IB 
A,  CO 
'2.  'Jfc> 
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Jiiitirnj  table  for  Seneca  River  near  Clemton  College,  S.  C,  from  January  1  to  December 

SI,  1904. 


Gage 
height. 

1 

;  Diflcharge.  , 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Second-/eet. 

Gage 
height. 

! 

'  Dincharge. 

>Vrf. 

; 

1  Secotui-feet. 

F>xt. 

'      Feet. 

Feet. 

Second-fed,. 

1.40 

285 

2.30 

544 

3.20 

859 

4.20 

1,265 

1.50 

310 

2.40 

577 

3.30 

897 

4.40 

1,351 

1.60 

336 

2.50 

610 

3.40 

936 

4.60 

1,440 

1.70 

363 

2.60 

644 

3.50 

975 

4.80 

1       1,530 

1.80 

391     J 

2.70 

678 

3.60 

1,015 

5,00 

1,620 

1.90 

'           420 

2.80 

713 

3.70 

1,055 

5.50 

1,870 

2.00 

450 

1 

2.90 

749 

3.80 

1,096 

,     6.00 

2,120 

2.10 

481 

3.00 

785 

3.90 

1,138 

6.50 

2,395 

2.20 

512 

1 

3.10 

822 

4.00 

i 

1,180 

7.00 

2,670 

The  above  table  is  based  upon  discharge  measurements  made  during  1903  and 
19(>4.  It  is  fairly  well  defined  to  gage  height  6.4  feet.  Discharges  above  7-foot  gage 
approximate  estimates. 

Estimaled  monthly  d'lKhargc  of  Seneca  River  near  Ctemson  College,  S.  C,  for  J 904' 


Month. 


January . . . 
February . . 

March 

April , 

Mav 

June 

July 

AugUHt 

September 
October  ... 
November . 
December 


The  year. 


Discbarge  in  second-feet. 

Maximum. 

Minimum.  | 

Mean. 

2,615 

544  ' 

769 

4,700 

644 

1,162 

5,800 

804 

1,506 

1,745 

822 

1,078 

2,670 

577 

943 

2,340 

450 

841 

767 

377 

557 

3,920 

610 

1,253 

956 

466  , 

683 

577 

250 

377 

804 

420 

564 

2,148 

435^ 
250  1 

741 

5,800 

873 

ROCKY    RIVER   NEAR   CALHOUN    FALLS,  S.  C. 

This  station  was  established  as  a  bench-iuark  station.  It  is  located 
at  a  highway  bridge  just  below  Swearingen's  mill,  about  3i  miles 
northwest  of  Calhoun  Falls,  S.  C.  Discharge  measurements  are  made 
from  the  downstream  side  of  the  bridge,  which  is  110  feet  long  and 
supported  by  two  timber  piers.  The  initial  point  for  soundings  is  the 
right  end  of  the  downstream  guard  rail.  The  channel  is  curved  for 
about  200  feet  above  and  straight  for  300  feet  below  the  station.  The 
current  is  swift.  Both  banks  are  subject  to  overflow  during  high 
IHB  127—05 4 
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water.  The  l)ed  of  the  stream  is  composed  of  sand  and  gravel  and  i* 
very  changeable.  The  washing  out  and  filling  in  of  the  channel  pre- 
vents rating.  The  bench  mark  is  the  top  of  the  downstream  end  of 
trestle  cap  on  the  left  side  of  pier  next  the  right  bank.  Its  elevation 
is  6.00  feet  above  gage  datum. 

Discharge  measurements  of  Rocky  River  near  Calhoun  FaUsy  S.  C,  in  J904. 
Dat€.  Hydro^rapher. 

March  17 

September  7  . . . 


J.  M.  Giles. 
do  .... 


1 
width. 

Area  of 
section. 

Mean       ,      Ga^e 

velocity.    '    hei^t. 

1 

DM:han!i>. 

Feet. 

1            ^ 
91 

Square/eeL 
143 
114 

Fset  per  tec.        FoeL 
1.  76  j       1.  60 
1.74         2.50 

2.^1 
1^ 

BROAD   RIVER   (OF   GEORGIA)    NEAR   CARLTON,  GA. 

This  Station  was  established  May  27,  1897,  by  M.  R.  Hall.  The 
gage  i8  now  maintained  and  the  observer  paid  by  the  United  Stato 
Weather  Bureau.  The  station  is  located  at  the  Seaboard  Air  Lane 
Railroad  bridge  3  miles  east  of  Carlton,  Ga.,  and  2  miles  above  the 
mouth  of  the  South  Fork.  •  The  boxed  chain  gage  is  bolted  to  the  guard 
rail,  with  its  bottom  resting  on  the  upstream  end  of  the  cross- ties.  The 
center  of  the  pulley  is  39.5  feet  from  the  initial  point  for  soundings. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  i?? 
54.00  feet.  The  observer  is  S.  P.  Powers,  jr.,  who  reads  the  gage 
once  each  day.  Discharge  measurements  are  made  from  the  upstream 
side  of  the  railway  bridge  to  which  the  gage  is  attached.  This  is  an 
iron  deck  bridge  in  two  spans  of  125  feet  each,  with  trestle  appi-oaches 
340  feet  long  on  the  left  bank  and  50  feet  long  on  the  right  bank.  The 
base  of  the  rail  of  the  track  is  about  51  feet  above  low  water.  The  ini- 
tial point  for  soundings  is  the  end  of  the  iron  bridge  on  the  right  bank 
upstream  side.  The  channel  above  and  below  the  station  is  straight 
for  500  feet.  The  right  bank  is  high  and  wooded  and  is  not  liable  to 
overflow.  The  left  bank  is  low  for  about  400  feet  and  is  then  high 
and  rocky.  It  overflows  at  a  gage  height  of  about  16  feet.  The  bed 
of  the  stream  is  sand  and  grav^el,  and  is  somewhat  changeable. 

Bench  mark  No.  L  is  the  top  of  the  upstream  iron  girder  under  the 
cross-ties  at  a  point  about  40  feet  from  the  initial  point  for  soundings. 
Its  elevation  is  51.00  feet  above  gage  datum.  Bench  mark  No.  2  is  the 
top  of  the  capstone  of  the  right  bank  pier  at  a  point  under  the  upstream 
side  of  the  end  of  the  bridge.  Its  elevation  is  30.78  feet  above  the 
gage  datum.  Bench  mark  No.  3  is  a  copper  plug  set  in  solid  rock  in 
the  railroad  cut  1,135  feet  from  the  west  end  of  the  iron  bridge,  11  feet 
north  of  the  center  of  the  track,  and  at  about  the  same  elevation  as  the 
bottom  of  the  cross-ties.  Its  elevation  above  gage  datum  is  57. H7 
feet.     Gage  datum  is  384  feet  above  sea  level. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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IHtfchnrge  rneastirements  of 

Broiid  River 

(of  Georgia)  near  Carlton^  Ga., 

,  in  1903  and  1904. 

Bate. 

Hydrographer. 

—  - 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feel. 

Disc^ 
Secim 

large. 

1903. 

1 

FfxL 

iSfjtuirf'/eet. 

Feet  per  sec. 

drjeet. 

Manh  21 ..'  J. 

M.  (4] 
...do 

ilea 

207 
185 

859 
582 

3.02 
2.13 

4.55 
3. 10 

2,592 

May8 

1,242 

Junell L. 

. .  .do 

........' 

200  , 

734 

2.40 

3.66 

1,766 

Aii}2:u8tl4 

...do 

181 

456 

2.09 : 

2.70 

953 

September  16 

...do 

198 

877 

2.77 

4.52 

2,435 

October  29 

. .  .do 

........  1 

162 

359 

1.69 

2.16 

606 

December  8 

1 

...do 

172 

395 

1.59 

2.20 

628 

1904. 

1 

1 

1 

March  17 '  J. 

M.  G 
...do 

lies '. 

181 
155 

469 
394 

1.72 
1.47 

2.62 
2.20 

809 

Mav  5 

m 

581 

Jiily21 

...do 

129 

250 

1.20  1 

1.48 

299 

September  6 

November  15     -  .   . 

do 

175 

512 

1 
1.44  ' 

2.37 

737 

...do 

147 

id  Riv 

May. 

2.2 
2.2 
2.1 

2.1 

399 

1.15  . 

1.88 

460 

ige  hei 

er  {of 

irl 

Mean  daily  gc 

ghi,  in 

feet,  0 

f  Brwi 

(jeon 

jia)  near  O 

ton,  Ga.yfor 

1904. 

Day. 

Jan. 

Feb. 

2.6 
2.5 
2.4 
2.4 

Mar. 

2.6 
2.6 

2.8 
2.8 

Apr. 

2.5 
2.5 
2.5 
2.4 

1  June. 

\ 

2.4 

July 

m 

1 

Aug. 

Sept. 

Oct." 

1.5 
1.5 
1.6 
1,5 

Nov. 

Deo. 

1 

2.2 

2.1 

1.6  !       1.9 

1.6 
1.6 
1.7 
1.9 

1.9 

2 

2.2 
2.3 

2.5         2.0         2.6  1      1.9 

2.0 

3 

2,1          1.9         2.4 

1.8 
2,4 

2.5 

4 

2.3 

2.0  ,      1.8 

2.0 

2.1 

5 

2.2 
2.2 

2.3 
2.8 

2.6 
2.6 

2.4 
2.4 

2.1 
2.1 

1.9  1      1.7 
1.9  1       1.7 

1.9 

2.8 

8.2 

2,8 

1.5 

1.5 

2.1 
2,0 

2,4 

6 

4.2 

7 2.2 

2.5 

3.7 

2.6 

2.2 

2.1 

1.6 

2.5 

2.7 

1.5 

1.8 

3.2 

8 *. 2.2 

3.4 

5.7 

2.6 

2.2 

2.2 

1.6 

6.6 

2.1 

1.5 

1.7 

2.6 

9 2.2 

3.1 

4.8 

2.7 

3.5 

1.9 

4.2 

10.4 

2.0 

1.5 

1.7 

2.4 

10 2.2 

3.0 

3.4 

2.6 

3.0 

1.9 

2.7 

6.3 

1.9 

1.5 

1.6 

2,2 

11 2.3 

3.3 

3.0 

2.5 

2.4 

1.8 

2.0 

4.2 

1.8 

1.5 

1.6 

2.8 

12 2.3 

3.0 

2.8 

2.4 

2.2 

1.8 

2.0        8.3 

1.8 

1.6 

1.6 

2.1 

13 2.4 

2.7 

2.7 

2.4 

2.2 

1.8 

2.0        3.0 

1.8 

1.5  1 

2.0 

2.0 

14 2.4 

2.6 

2.9 

2.3 

2.1 

1.8 

1.8        2.7 

1.7 

1.5  1 

2.2 

2.0 

IFt 

2.3 

2.2 

2.6 
2.5 

3.0 

2.8 

2.3 
2.3 

2.1 
2.1 

:  1.7 

1.7 

1.7  1      2.5 
1.6         2.6 

1.7 
1.7 

1.5 
1.5 

2.0 
1.9 

2.0 

16 

2.0 

17 2.3 

2.5 

2.7 

2.4 

2.0 

1. 7         2. 1 

2.4 

1.6 

1.5 

1.9 

2.0 

18 2.5 

2.4 

2.6 

2.4 

2.0 

1.6         1.8 

2.2 

1.6 

1.6 

1.8 

2.0 

19 2.4 

2.4 

2.6 

2.3 

2.0 

1.8         1.6 

2.1 

1.6 

1.5 

1.8 

2.0 

'20 2.2 

3.6 

2.5 

2.3 

2.0 

1.7         1.5 

4.2 

1.6 

1.5 

1.7 

1.9 

21 j       2.2 

3.3 

2,5 

2.4 

1.9 

2.5         1.5 

2.9 

1.6 

1.5 

1.7 

1.9 

22 ;       2.2 

4.8 

4.0 

2.3 

1.9 

2.1         1.6 

2.1 

2.1 

1.5 

1.7 

1.9 

23 '      3.8 

4.6 

3.4 

2.3 

1.9 

2.0         1.9 

2.0 

1.6 

1.5 

1.9 

1.9 

24 3.2 

3.7 

4.3 

2.2 

1.9 

1.7         1.8 

1.9 

1.6 

1.6 

2.8 

1.9 

25 ;      2.7 

3.4 

3.6  '      2.2 

1.8 

1.7         1.6 

1.9 

l.« 

1.5 

2.0 

2.0 

26 1      2.5 

2.9 

3.3         2.3 

1.8 

1.6         2.6 

1.9 

1.6 

1.6 

1.9 

2.1 

27 2.4 

2.8 

3.0         2.4 

l.S 

1.6         1.9 

3.1 

1.6 

1.7 

1.8 

2.1 

28 2.4 

2.7 

2. 9         2. 3 

l.X 

1.6         1.7 

3.3 

1.6 

1.7; 

1.8 

3.3 

29 2.5 

2.6 

2.  7         2. 2 

1.8 

1.9         3.0 

2.9 

1.6 

1.6! 

1.7 

3.0 

30 2. 6 

2.6         2.2 

3.0 

2.3         1.8         2.2 

1.6 

1.6  ; 

1.7 

2.5 

31            ■    .        2. 5 

2.6 

3.4 

1 1.6         2.0 

1.6  i 

2.3 

* 
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Rating  table  for  Broad  Aiver  (of  Georgia)  lusar  CarUon,  Oa,,from  January  1  to 

December  31,  1904, 


'Gage 
height. 

t 
1 
DiAcharge. 

Second-feet. 

Gage 
height. 

I 
1 

Discharge. 

Gage 
height. 

Discharge. 

1 

Gaffe 
height. 

Feet. 

1 

1    Di»ohanc 

Feet, 

FetL 

Second-feet. 

Fed. 

'  Second-feet, 

SecondftLt. 

1.50 

3a5      , 

2.70 

920     ] 

3.80 

1,770 

1     5.80 

3,  840 

1.60 

340 

2.80 

990     , 

3.90 

1,860 

,     6.00 

'       4,  lOii 

1.70 

380 

2.90 

1,060 

4.00 

'       1,950 

'     6.50 

4,  75t» 

1.80 

420 

3.00 

1,130 

4.20 

1       2, 130 

1     7.00 

1      b,  4a> 

1.90 

460 

3.10 

1,200 

4.40 

2,320 

7.50 

6,  ItW 

'     2.00 

510 

3.20 

1,280 

4.60 

1       2,520 

1     8.00 

6,84)0 

2.10 

560     , 

3.30 

1,360 

4.80 

2,720 

8.50 

7,  oi» 

2.20 

610 

3.40 

1,440 

5.00 

f      2, 920 

1     9.00 

S,  200 

2.30 

670     1 

3.50 

1,520 

5.20 

,       3, 140 

'     9.50 

s,  avi 

2.40 

730 

3.60 

1,600 

5.40 

1       3,360 

10.00 

IN  700 

2.50 

790     1 

3.70 

1,680 

5.60 

i       3,600 

:  10.50 

I 

1      10, 450 

2.60 

850     1 

• 

t 

The  above  table  is  based  upon  discharge  meaeuFenients  made  during  1900-19m. 
It  is  well  defined  between  gage  heights  1.5  feet  and  5.3  feet.  Above  this  latter  point 
the  curve  is  based  on  one  measurement  at  9.1  feet. 

Estimated  monthly  discharge  of  Broad  River  {of  Georgia)  near  Carlton^  G*u,  for  19*1  i. 

[Drainage  area,  762  square  miles.] 


Mouth. 


January  

February  

March 

April 

Mav 

m 

June 

Julv 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

\ \ 

Maximum.  I  Minimum.  ,     Mean. 


Run-off. 


per  .square     ^^•^k 
mile.        I    >"«^*»'^ 


1, 
o 

3, 


1, 

o 

10, 
1. 


2, 


770 


720 
720 
920 
520 
790 
130 
300 
280 
380 
670 
130 


10,  300 


610 
670 
790 
610 
420 
340 
305 
340 
305 
305 
340 
460 

305 


741 

1,113 

1,247 

720 

629 

478 

522 

1,409 

471 

314 

434 

688 


0.972 

1.46 

1.64 
.945 
.825 
.627 
.685 

1.85 
.618 
.412 
.570 
.903 


1.12 

l..Vi 

1.85* 
1.0.S 
.  Hoi 
.  7<H» 
.7i^> 
2.  lo 
.6»*> 
.475 

l.(M 


r30 


.  959        13.  tV> 
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BROAD   RIVER   (sOUTH   FORK)    NEAR  CARLTON,  GA. . 

This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  Bull  Rat  Rock,  about  1  mile  south  of  Carlton,  Ga.  Discharge 
measurements  are  made  at  a  shoal  about  100  yards  above  the  rock  by 
means  of  a  boat.  The  initial  point  for  soundings  is  a  small  sweet  gum 
tree  on  the  left  bank.  The  channel  is  curved  for  200  feet  above  and 
500  feet  below  the  station.  '    The  current  is   sluggish.      The  right 

■ 

bank  is  cultivated,  and  the  left  is  wooded.  Both  banks  are  subject  tp 
overflow  at  rare  intervals.  The  bed  of  the  stream  is  composed  of 
rock  and  is  very  rough.  '  The  bench  mark  is  composed  of  three  cop- 
per nails  driven  into  the  gum  tree,  which  forms  the  initial  point  for 
sounding.     Its  elev^ation  is  5.00  feet  above  datum. 

Discharge  meajturements  of  Broad  River  (South  Fork)  near  <\irlton,  Ga.,  in  1904- 


Dale. 


Hydrographer. 


Width. 


Area  of 
section. 


Jiilv  20 

September  7 


J.  M.  GileB 
do  .... 


Feet.        Square  feet. 
100  179 

105  158 


Mean 
velocity. 

Gage 
height. 

Feet  per  gee. 

Feet. 

0.36 

1.00 

.73 

1.20 

DiHcharge. 
Second-feet. 
115 


MISCELLANEOUS  MEASUREMENTS   IN   SAVANNAH  RIVER  DRAINAGE  BASIN. 

The  following  is  a  list  of  miscellaneous  discharge  measurements 
made  in  Savannah  River  drainage  basin  during  1904: 

Keoicee  Rivtr  near  CaZhouyi^  S.  C. — Keowee  River  is  tributary  to 
Seneca  River  from  the  north  near  Seneca,  S.  C.  A  measurement  was 
made  January  16  from  the  Lawrence  Bridge,  5  miles  northwest  of 
Calhoun.  The  l)ench  mark  is  the  top  of  the  upstream  end  of  the  first 
iron  cross  bream  from  the  right  bank,  27.00  feet  above  the  datum  of 
the  gage. 

Width,  144  feet;  area,  620  square  feet;  mean  velocity,  1.11  feet  per  second;  gage 
heiglit,  2.91  feet;  discharge,  691  second-feet. 

T!(/en'  Creek  at  Wiley ^  Ga. — This  stream  is  tributary  to  Tallulah 
River  from  the  north,  entering  near  Talhilah  Falls,  Ga.  A  measure- 
ment was  made  June  13  from  the  railroad  trestle,  one-fourth  mile 
northwest  of  Wile  v. 

Width,  14  feet;  area,  11  scjuare  feet;  mean  velocity,  1.12  feet  per  8e«»ond;  discharge, 
12.3  second-feet. 

BrtHid  Rivei^  {South  ForJc)  near  Co)iui\  Ga, — A  measurement  was 
made  March  16  at  the  Seaboard  Air  Line  Railroad  bridge,  1^  jiiiles 
west  of  Comer.  The  bench  mark  is  the  top  of  the  girder  at  sounding 
point  30.     Its  elevation  is  49.00  feet  above  the  datum  of  the  gage. 

Width,  74  feet;  area,  6S  Hqnare  feet;  mean  velocity,  1.56  feet  per  second;  gage 
height,  1.18  feet;  disc^harge,  10(5  second-feet. 
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Broad  River  {South  Fork)  n^ar  Carlton^  Ga. — A  measurement 
made  May  4  at  the  foot  of  the  shoals  below  Watson's  mill. 

Width,  50  feet;  area,  81  square  feet;  mean  velocity,  1.28  feet  per  second;  discfauuvf. 
104  second-feet. 

The  gage  at  Carlton  read  2.20  feet. 

Clouds  Creek  near  Carlton.  Oa. — This  stream  is  tributary  to  Broad 
River.  A  measurement  was  made  May  4  below  the  ford  on  the  puhlk 
road  one-half  mile  east  of  Watson's  mill;  near  Carlton. 

Width,  36  feet;  area,  .S6  square  feet;  mean  velocity,  1  foot  per  second;  dischanre. 
36  second-feet. 

The  gage  at  Carlton  read  2.20  feet. 

OGEKCIIEK  RIVER  DRAINAGE  BASIX. 

Ogeeehee  River  is  formed  by  the  junction  of  Williamsons  Swamp 
Creek  and  Rocky  Comfort  Creek  in  Jefferson  County,  Gra.,  and  d^ain^ 
a  small  basin  in  vsoutheastern  Georgia  lying  between  the  Savannah  and 
Altamaha  basins.  Ogeeehee  River  flows  in  a  southeasterly  direction 
and  empties  into  the  Atlantic  Ocean.  Its  main  tributary  is  Cannoochee 
River,  which  rises  in  Emanuel  County,  Ga.,  flows  southeast,  and  joia^* 
the  Ogeeehee  about  20  miles  from  the  Atlantic  Ocean.  The  streams 
in  this  basin  flow  through  a  country  that  is  mostly  low.  The  current 
is  generally  good,  but  the  fall  available  for  power  is  probably  small. 
The  bank  on  one  side  or  the  other  of  the  stream  is  generall^^  low  and 
swampy. 

The  following  pages  give  the  results  of  the  data  collected  in  this 
drainage  during  1904: 

WILLIAMSONS   SWAMP   CREEK   AT   DAVISBORO,  GA. 

This  station  was  established  June  19,  1903,  by  F.  A.  Murray.  It  is 
located  at  the  Davishoro  Bridge,  about  200  yards  south  of  the  Central 
of  Georgia  Railroad  station,  which  is  in  the  middle  of  the  town.  The 
gage  is  a  vertical  1  by  8  inch  wooden  rod  10  feet  long,  graduated  to 
feet  and  tenths  with  notches  and  numl)ered  with  braas  figures  The 
rod  is  nailed  to  the  left  side  of  the  upstream  post  of  the  bent  which 
suppoi-ts  the  })ridge  at  a  point  302  feet  from  the  initial  point  for 
soundings.  The  gage  is  read  once  each  day  by  A.  Baker,  a  hotel  pro- 
prietor, who  is  paid  by  the  Georgia  Geological  Survey.  Discharge 
measurements  are  made  from  the  upstream  side  of  the  wooden  high- 
way bridge,  which  is  supported  by  wooden  bents  about  18  feet  apart 
The  initial  point  for  soundings  is  the  outer  edge  of  the  post  which 
supports  the  end  of  the  hand  rail  on  the  left  bank  upstream  side  of 
the  bridge.  The  channel  is  straight  for  alK)ut  200  feet  above  and  below 
the  station.     The  right  bank  is  low  and  overflows  at  a  gage  reading  of 
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4  to  4i  feet.  The  left  bank  will  overflow  at  a  gage  height  of  3  feet. 
The  bed  of  the  stream  is  sandy  and  is  slightly  shifting.  There  is  but 
one  channel  at  all  stages.  The  current  is  somewhat  obstructed  by  the 
bents  which  support  the  bridge  at  low  water  and  by  trees  and  brush 
on  the  banks  at  high  water. 

Bench  mark  No.  1  is  the  top  of  the  bridge  floor  at  the  bent  302  feet 
from  the  initial  point  for  soundings  on  the  upstream  side  of  the  bridge. 
The  point  is  marked  with  a  cross  and  the  letters  "  B.  M."  cut  into  the 
top  of  the  bridge-floor  plank.     Its  elevation  is  11.00  feet  above  the  zero 
of  the  gage,  which  is  attached  to  the  same  bent.     Bench  mark  No.  2  is 
the  center  of  a  large  wire  nail  driven  horizontall}'  in  an  ash  tree  which 
stands  in  the  creek  near  the  right  bank  about  40  feet  below  the  bridge. 
The  nail  is  on  the  side  of  the  tree  toward  the  bridge  and  is  at  an  eleva- 
tion of  5.50  feet  above  the  zero  of  the  gage.     Bench  mark  No.  3  is  the 
center  of  a  large  wire  nail  driven  horizontally  in  a  small  cypress  tree 
on  the  right  bank  about  45  feet  below  the  bridge.     The  nail  is  on  the 
side  of  the  tree  toward  the  bridge- and  is  at  an  elevation  of  5.50  feet 
alK>ve  the  zero  of  the  gage.     The  nails  for  both  bench  marks  are 
driven  within  about  one-half  inch  of  the  wood,  from  which  the  bark 
has  been  removed.     This  station  was  discontinued  on  December  31, 
1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  mecuuremenU  of  Williamsons  Stuamp  CWek  at  DavisborOj  Ga.y  in  1904, 


Date. 


June  19 

July  18 

July  29 

July  29 

October  13... 
October  13... 
November  21 
Decern  l)er  28. 


Hydrographer. 


F.  A.  Murray 

.....do  

M.  R.  Hall  . . 

do 

F.  A.  Murray 

do 

do 

do 


Area  of 
section. 

Mean 
velocity. 

Square  feet. 

Feet  per  8ec. 

104 

0.80 

123 

.81 

60 

.77 

43 

1.05 

62 

.75 

64 

.64 

124 

.76 

133 

.73 

hegft.      Ubcharge. 


Feet. 
2.41 
2.58 
1.64 
1.64 
1.72 
1.64 
2.58 
2.69 


Second-feet. 
83 


100 
46 
45 
47 
41 
94 
97 
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[vj-tr: 


Mean  daihj  gage  height^  in  feetj  of  WUliamgons  Sivamp  Creek  at  Davisboro,  Ga.,  for  lyc^. 


Day 


1. 
2. 
3. 
4. 

• 

i). 
6. 

•* 

/. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan.      Feb.  i  Mar.  |  Apr.     May.  1  June.    July. 


2.70 

2.80 

2.80 

2.50 

2.  GO 

2.90 

2.70 

2.70 

2.50 

2.60 

2.60 

2.40 

2.40 

2.50 

3.40 

2.25 

2.  AO 

2.00 

3.20 

2.30 

2.50 

2.60 

3.10 

2.40 

2.50 

3.20 

4.10 

2.45 

2.50 

3.10 

8.60 

2.20 

2.50 

3.30 

3.40 

2.90 

2.50 

4.20 

3.20 

2.70 

2.70 

5.10 

3.10 

2.60 

2.80 

3.80 

3.10 

2.30 

2.60 

3.50 

2.80 

2.26 

2.60 

3.70 

2.70 

2.80 

2.90 

3.50 

3.20 

2.26 

2.70 

3.50 

2.80 

2.20 

2.60 

3.30 

2.50 

2.10 

2.50 

3.10 

2.40 

2.00 

2.60 

3.10 

2.70 

2.10 

2.70 

3.10 

2.60 

2.10 

2.80 

3.70 

2.90 

2.05 

2.90 

4.00 

2.60 

2.00 

4.20 

3.70 

2.60 

2.00 

3.90 

3.30 

2.60 

2.00 

3.00 

3.00 

3.00 

1.90 

2.80 

8.10 

2.90 

2.00 

2.80 

3.10 

3.40 

2.00 

8.00 

3.00 

3.80 

2.00 

3.00 

2.90 

2.50 

1.95 

2.90 

2.50 

1.90 

2.90 

2.60 

1.80 

3.10 

1.80 

3.10 

1.86 

2.30 

1.90 

1.90 

1.55 

1.46 

1.60 

1.40 

1.80 

1.30 

1.90 

3.40 

1.80 

2.00 

Aug. 


Sept  i    Oct, 


Not.     l*r 


2.20 

4.60 

1.30 

4.60 

1    1.40 

2.30  , 

1.30 

1.80 

1.30 

3.80  ' 

1.60 

1.60  I 

1.60  I 

1.50 

1.50 

1.50 

1.40 

1.40 

1.40 

1.35 

1.30 

1.30 


1.30 
1.30 
1.35 
1.35 
2.70 
2.00 
1.70 
1.50 
1.40 
1.50 
1.35 
1.30 
1.80 
1.60 
1.50 
1.20 


1.40 

1.40 

1.25 

1.50 

1.20 

1.85 

1.20 

1.45 

1.20 

2.60 

1.20 

1.80 

1.10 

1.60 

'1.50 

2.50 

1.55 

2.26 

2.10 

3.60 

3.80 

3.85 

5.85 

6.50  ' 

4.00  I 

2.80  I 

2.60  ' 

2.40 

2.40 

2.20 

2.05 

2.00 

1.90 

1.80 

1.80 

1.80 

1.90 

1.80 

1.80 

1.70 

6.10 

5.00 

3.60 

2.50 

2.30 


2.20 

2.10 

2.00 

2.00 

2.05 

2.06 

2.10 

2.00 

2.00 

2.00 

2.00 

2.00 

2. 00 

1.96  i 

1.90  I 

1.85 

1.80  ' 

1.80  I 

1.80  , 

1.80 

1.70  ' 

1.70  I 

1.75  , 

1.80' 

1.80 

1.80  I 

1.70  I 

1.80 

1.60  { 

1.60 

I 


1.65 

I.  .50 

1.50 

1.80 

1.70 

1.60 

1.60 

1.70 

1.60 

1.45 

1.50 

1.50 

1.40 

1.50 

l..'iO 

1.50 

1.40 

1.50 

l.oO 

1.40 

1.60 

l.fiO 

1.40 

1.40 

1.40 

1.70 

1.50 

1.40 

1.40 

1.40 

1.40 


1.40 
1.40 
iOU 
2.SW 
2.*1» 
2.40 
2.20 
2.10 
2.00 
1.90 
1.80 
l.SO 

S.<30 
-3.00 
2.10 
2.20 
2,00 
2.00 
2.00 
2.00 
2.00 
2.60 
2,80 
2.80 
2,60 
2.  SO 
2.20 
2.20 
2.40 


-1  1=' 
2.1'' 

1  •• 
3-3- 

L% 

2.  ft' 


•l«i 


•J."'- 
2.  Ill 


CANNOOCHEE    RIVER   NEAR   GROVELAND,  GA. 

This  station  was  established  June  12,  1903,  by  F.  A.  Murray.     It  is 
located  at  Moody's  bridge,  3  miles  south  of  Groveland,  Bryan  County, 
Ga.     The  original  gage,  reading  from  0  to  17  feet,  is  nailed  to  the 
right  side  of  the  upstream  post  of  the  fourth  bent  from  the  left  bank. 
From  17  to  20  feet  the  post  is  graduated  to  feet  and  half  feet  with 
nails  and  brass  figures.     A  new  gage  consisting  of  two  5-foot  section.-* 
of  notched  gage  rod,  reading  from  0  to  10  feet  is  fastened  with  laj^r 
•crews  to  the  left  bank  side  of  upstream  post  of  the  third  bent  from 
left  bank,  this  being  the  first  bent  in  water  at  ordinary  stage.    A  third 
section  of  the  gage,  reading  from  5  to  10  feet,  is  fastened  to  a  gum  tree 
on  the  left  bank  25  feet  above  the  bridge.     This  gage  faces  the  bridge 
and  is  used  for  the  stages  which  it  covers.     The  observer  is  J.  M. 
Edwards,  who  reads  the  gage  once  each  day.    He  is  paid  b}^  the  Georgia 
Geological  Survey.      Discharge   measurements  are   made  from    the 
downstream  side  of  the  9-spim  wooden  highway  bridge.     The  initial 
point  for  soundings  is  the  outer  edge  of  the  post  which  suppoi-ts  the 
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end  of  the  hand  rail  of  the  downstream  side  of  the  bridge  on  the  left 
bank.  The  channel  is  straight  for  about  3(X)  feet  above  and  for  about 
400  feet  below  the  station.  The  current  is  swift  in  the  main  channel 
and  sluggish  near  the  banks.  Both  banks  are  of  clay  and  sand  and 
ovei'flow  at  from  15  to  16  feet  gage  height.  The  bed  of  the  stream  is 
of  silt  and  is  shifting.  There  is  but  one  channel  at  all  stages  up  to 
tlie  height  at  which  the  river  overflows  its  banks. 

Bench  mark  No.  1  is  the  top  of  the  bridge  floor  at  the  fourth  bent 
from  the  left  end  of  the  bridge  on  the  upstream  side  opposite  a  point 
61  feet  from  the  initial  point  for  soundings.  The  point  is  marked  by 
a  cross  and  the  letters  B.  M.  cut  in  the  floor.  It  is  at  an  elevation  of 
20.00  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  spike  in 
a  pine  tree  which  stands  near  the  upstream  side  of  the  road  16  feet 
from  the  left  end  of  the  bridge  and  9  feet  upstream  from  the  line  of 
the  edge  of  the  bridge.  It  is  at  an  elevation  of  20.12  feet  above  the 
zero  of  the  gage.  Bench  mark  No.  3  consists  of  two  large  wire  nails 
driven  into  the  tree  to  which  the  third  section  of  the  gage  is  fastened 
at  a  gage  height  of  5.30  feet.  Two  more  nails  are  also  driven  at  the 
8-foot  mark. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Cannoochee  Hirer  near  Groreland,  Ga. ,  in  190S  and  1904* 


Date. 


Hydrograper. 


1903. 

June  12 

June  23 

July  17 

July  17 

August  21 

October  9 

November  18 
December  29. 


1904. 
February  20  . . 

July  22 

July  220 

Septeml)er  1 2 . 

September  12  . 

Octol)ev29«... 

October  29a... 

November  29 . . .    W.  E .  Hal  1 

November  30 do 


F.  A.  Murray 

do 

do 

do 

do 

do 

do 

do 


F.  A.  Murray 
M.R.Hall... 

....do 

W.E.Hall... 

....do 

B.  S.  Drane.. 
....do 


Width. 


Feet. 
132 
101 
110 
104 
141 
95 
96 
105 

121 
63 
33 
96 
96 
32  1 
32 
78 
78 


Area  of 
section. 

Square /eel. 

Mean 
velocity. 

Gage 
height. 

Discharge. 

Feet  per  sec. 

FeH. 

Secorul-fcct. 

1,492 

2.32 

12.90 

3,467 

560 

1.31 

5.20 

7:^ 

•    1,077 

2.06 

9.97 

2,224 

1,049 

2.44 

9.92 

2,562 

1,821 

2.26 

15.11 

4,125 

480 

.96 

4.45 

462 

526 

1.39 

5.05 

734* 

603 

1.68 

6.20 

1,014 

1,069 

1.94 

9.45 

2,075 

125 

.22 

1.53 

27 

43 

.70 

1.61 

30 

428 

1.02 

4.16 

438 

430 

1.01 

4.16 

435 

34 

.83 

1.54 

29 

36 

.85 

1.54 

31 

237 

.38 

2.27 

91 

238 

.39 

2.30 

93 

<i  Wading  1,000  feet  below  bridge. 
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[xo.  liT 


Mt'an  daily  gage  fieight^  infeetj  of  Canruiocliee  River  near  Groreland^  Ga.^for  1904, 


Day. 


1. 

2. 

3. 

4. 

B. 

6. 

7. 

8. 

9. 
10. 
II. 
12. 
13. 
14. 
15. 
IG. 
17. 
18. 
19. 

ao. 

21. 
22. 
23. 
21. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


— 

""~  — 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

l>t^ 

7.2 

9.3 

9.6 

5.9 

2.4 

2.0 

1.7 

4.5 

6.2 

2.1 

1.5 

•  ■      i 

7.6 

8.5 

9.1 

5.7 

2.4 

2.0 

1.7 

4.6 

6.4 

2.0 

1.5 

•  »    *j 

7.6 

8.2 

8.2 

5.2 

2.3 

2.0 

1.7 

5.9 

6.2 

1.9 

1.6 

y     1 

6.9 

7.6 

8.0 

4.7 

2.2 

2.0 

1.7 

1.6 

4.9 

4.8 

1.9 

1.8 

-*      I 

6.5 

7.0 

7.6 

4.3 

2.2 

2.0* 

5.9 

4.1 

1.9 

2.1 

U.! 

6.1 

6.8 

7.6 

4.2 

2.1 

2.0 

1.6 

8.0 

3.8 

1.8 

2.1 

U-i 

5.7 

6.6 

7.6 

4.0 

2.1 

1.9 

1.6 

10.8 

5.0 

1.8 

2.0 

'J. , 

5.3 

6.2 

8.0 

4.0 

2.1 

1.9 

1.6 

13.2 

6.8 

1.7 

2.0 

j  * 

5.2 

6.3 

8.0 

4.0 

2.0 

1.9 

1.6 

14.2 

6.0 

1.7 

2.0 

—  ^ 

5.1 

H.l 

4.4 

2.0 

1.9 

1.6 

14.2 

4.7 

1.7 

2.0 

'_.  ^ 

4.9 

12.5 

7.6 

4.8 

2.0 

1.9 

1.9 

13.7 

4.1 

1.7 

1.9 

■_»_  «. 

5.2 

14.5 

7.7 

5.0 

2.0 

1.8 

1.9 

11.0 

4.1 

1.7 

1.9 

-  * 

5.2 

15. 4 

1 

,      7.4 

5.2 

2.0 

1.8 

1.9 

9.9 

3.9 

1.6 

2.0 

1  % 

5. 2 

15.3 

7.1 

5.3 

2.0 

1.7 

2.1 

8.9 

3.5 

l.C 

2.5 

•    t 

5.0 

14.5 

7.1 

5.1 

2.0 

1.7 

2.0 

7.9 

3.2 

1.6 

2.7 

11  t 

5.0 

13.7 

6.9 

4.8 

2.0 

1.7 

1.8 

6.9 

3.0 

1.6 

2,6 

\Li 

5.0 

13.7 

6.7 

4.3 

1.9 

1.6 

1.7 

6.0 

2.9 

1.7 

2.5 

2.i 

4.7 

11.5 

6.4 

3.8 

1.8 

1.6 

1.6 

5.3 

2.8 

1.7 

2.  :> 

'2  ^ 

4.5 

10.2 

6. 2 

3.5 

1.8 

1.6 

1.6 

4.8 

2.9 

1.7 

2..'» 

'1  ♦• 

4.4 

9.5 

6.0 

3.0 

1.7 

1.6 

'      1.6 

4.6 

2.5 

1.7 

2,5 

1.*' 

4.4 

9.2 

5.8 

3.2 

1.7 

1.7 

1.6 

4.4 

2.4 

1.7 

•2.3 

■1  4 

4.0 

10.0 

5.5 

3.4 

1.7 

1.8 

1.5 

4.2 

2.4 

l.C 

2.2 

L4 

5.5 

11.5 

5.3 

3.6 

1.7 

1.9 

1.8 

4.0 

2.7 

1.6 

2,2 

^      M 

9.7 

12.3 

5.2 

3.0 

1.6 

1.9 

2.0 

3.8 

3.0 

1.6 

2, 2 

*J.      -1 

11.6 

13.7 

5.9 

2.8 

1.6 

1.9 

2.2 

3.9 

2.7 

l.C 

2.S 

>1        ^ 

12.7 

12.5 

6.8 

2.6 

1.6 

1.9 

2.4 

4.2 

2.6 

1.6 

2.4 

4>            1 

13.4 

11.7 

7.2 

2.5 

1.6 

1.9 

2.2 

4.5 

2.5 

1.5 

2.4 

*■■           •> 

12.2 

10.2 

8.0 

2.5 

1.6 

1.8 

2.0 

4.9 

2.4 

1.5 

2.2 

»           * 

11.0 

9.8 

7.6 

2.5 

1.9 

1.8 

2.0 

f,.2 

2,3 

1.5 

2.2 

•J  4 

10.5 

6.9 

2.3 

1.8 

1.8 

1.9 

5.6 

2.2 

1.5 

o  «» 

*)     ■ 

9.S 

6.3 

1.9 



2.3 

5.9 

1.5 



Rating  table /(»r  Cannoochee  River  v^ar  Groveland,  Ga.^from  Jannanf  I  to  Ih^emfmy  o 

1904. 


I'r 


(iage 
height. 

Dim'harge. 
Stcoml-fed.  , 

(Jage 
height. 

Ftrt. 

Discharge.  ' 

Gage 
height. 

Feet. 

DiKoharge. 
Seamd-fni. 

Gage 
height. 

1 

'   r>lj»chargf. 

Feet. 

St'coml'/fft. 

Serrttni~/etf 

1 .  50 

.HO 

2.  50 

120 

3.  80 

3<50 

5.80 

SS'2 

1.60 

86 

2.(K) 

134 

4.00 

4a5 

6.00 

9441 

1.70 

42 

2.  70 

149 

4.  20 

453 

6.50 

l.OiiO 

1.80 

49 

2.80 

165 

4.40 

503 

7.00 

l,24o 

1.90 

57 

2.90 

182     1 

4.60 

554 

7.50 

l,4lft 

2.00 

65 

8.00 

.      200 

4.80 

r»06 

8.00 

1,570 

2.10 

74 

H.IO 

218 

5.00 

(J60 

8. 50 

1,740 

2.20 

84 

3.  20 

237 

5.20 

714 

9.00 

l.9ir> 

2.  .HO 

95 

3.40 

276 

5.  40 

769 

9.  50 

2, 0»S 

2.40 

107 

.H.60 

317 

5.60 

825 

10.00 

2. 27.-^ 
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The  foregoing  table  is  based  upon  17  discharge  measurements  made  during  1903-4. 
It  is  well  defined  between  gage  heights  1.5  feet  and  6.2  feet.  Above  10  feet  the 
rating  curve  is  a  tangent,  the  difference  being  75  per  0.2  feet  rise  in  gage. 

EsHmaied  monthly  di»charge  of  Cannoochee  River  near  Groveland^  Ga.,  for  1904' 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


L- 


3,550 

405 

4,300 

1,000 

2,131 

714 

911 

95 

107 

36 

65 

36 

107 

30 

3,850 

360 

1, 183 

84 

74 

30 

149 

.  30 

182 

74 

4,300 

30 

1,317 
2,508 
1,301 
428 
60.8 
52.2 
52.6 
1,324 
390 
42.0 
84.1 
122 

640 


atjTamaha  river  drainage  basix. 

Altafnaha  River  is  formed  by  the  junction  of  Oconee  and  Ocmulgee 
rivers,  which  linite  at  the  southern  boundary  of  Montgomery  County, 
Ga.  Ohoopee  River  is  also  a  tributary  and  enters  it,  from  the  north 
side,  about  50  miles  below  the  junction  of  the  Oconee  and  Ocmulgee. 
The  Altamaha  River  drainage  basin  is  entirely  within  the  State  of 
Georgia.  The  river  rises  in  the  noilh-central  part  and  flows  in  a 
southeasterly  direction,  emptying  into  the  Atlantic  Ocean  near  Darien, 
Below  the  junction  of  the  Oconee  and  Ocmulgee  and  for  a  long  dis- 
tance above,  on  both  rivers,  there  is  no  great  amount  of  fall.  Steam- 
boat navigation  is  carried  on  from  Darien  to  Macon  on  the  Ocmulgee, 
and  to  Dublin,  and  at  times  to  Milledgeville,  on  the  Oconee. 

Ohoopee  River  rises  in  Washington  County  and  flows  in  a  south- 
easterly direction  to  the  Altamaba.  It  flows  from  the  low  hills  of 
southeastern  Georgia  into  the  flat  pine  lands.  Though  it  has  not  so 
mu<;h  fall  as  the  more  northern  streams,  it  has  considerable  fall  that 
can  be  developed  into  power. 

Oconee  River  rises  on  the  southern  slope  of  the  Chattahoochee 
Ridge,  in  Hall  County,  and  joins  the  Middle  Oconee  on  the  southwest 
boundary  of  Clarke  Count}'.  From  there  it  flows  in  a  southea-sterly 
dire<5tion   to   the  Altamaha.     Apalachee  River  is  a   large   tributary 
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which  rises  in  Gwinnett  and  Walton  counties  and  enters  the  Oconee 
near  the  southeastern  corner  of  Morgan  County.  Little  River  enters 
the  main  stream  at  the  corner  of  Putnam,  Hancock,  and  Baldwin 
counties,  about  15  miles  above  Milledgeville,  Ga.  These  tributaries 
have  much  fall,  and  a  small  part  of  it  is  developed.  The  Oconee  has 
a  fall  of  250  feet  in  45  miles.  It  has  some  very  large  water  powers 
available  from  its  source  down  to  Milledgeville,  where  it  cros<ses  the 
fall  line. 

Ocmulgee  River,  the  most  westerly'  of  the  main  tributaries,  rises  in 
the  north-central  part  of  Georgia  on  the  southern  slop^  of  the  Chatta- 
hoochee Ridge,  in  Fulton,  Dekalb,  and  Gwinnett  counties.  It  is 
formed  by  the  junction  of  Yellow  and  South  rivers  just  south  of  the 
southern  corner  of  Newton  County.  Yellow  River  rises  in  Gwinnett 
County  and  flows  in  a  southerly  direction  into  the  Ocmulgee.  South 
River  rises  in  Fulton  and  Dekalb  counties  and  flows  in  a  southeast- 
erh'^  direction.  Alcovj'  River  joins  the  Ocmulgee  about  5  miles  below 
the  junction  of  South  and  Yellow  rivers.  Towaliga  River  enters  the 
Ocnmlgee  at  about  the  southwest  corner  of  Jasper  County. 

All  these  tributaries  rise  in  and  flow  through  a  very  hilh'  country 
and  have  a  great  deal  of  fall.  Ocmulgee  River  has  a  fall  of  over  :^10 
feet  in  85  miles.  The  last  fall  of  much  size  is  onlv  a  few  miles  above 
Macon,  Ga. 

The  following  pages  give  the  results  of  data  collected  in  this  drain- 
age during  19o4: 

SOUTH   RIVER  NEAR   LITHOMA,    GA. 

This  station  was  established  August  17,  1903,  l)y  F.  A.  Murray. 
The  station  is  located  a  short  distance  above  Albert  Shoals,  6  jniles 
south  of  Lithonia,  Ga.  The  gage  is  a  vertical  10-foot  rod  fastened  to 
a  tree  on  the  right  bank  just  below  the  bridge.  It  is  read  once  each 
day  b}'  W.  N.  New,  who  is  paid  by  the  Georgia  Geologii»al  Sur\'ey. 
Discharge  measurements  are  made  from  the  3-span  wooden  higliway 
bridge.  The  initial  point  for  soundings  is  the  end  of  the  bridge  on 
the  right  bank,  upstieam  side.  The  channel  above  the  station  is  nearly 
straight  for  about  300  feet,  and  the  current  is  sluggish,  being  held 
back  by  rock  ledges  below  the  station.  Below  the  station  the  channel 
curves  slightly  and  the  current  is  sluggish  for  about  4(X)  feet,  at  which 
point  the  shoals  begin.  The  right  bank  is  low  and  overflows  at  a  ga^e 
height  of  9  or  10  feet  into  a  second  channel,  which  has  a  width  at  high 
water  of  about  200  fe^et.  The  left  bank  is  hicrh  and  rockv  and  d<H*s 
not  overflow.     The  bv;ttom  is  solid  rock. 

Bench  mark  No.  1  is  the  top  of  the  upstream  end  of  the  first  wcxxlen 
floor  ])eam  from  the  right  l)anK.  Its  elevation  is  15.00  feet  above  the 
zero  of  the  gage.     B(»nch  murk  No.  2  is  the  center  of  a  wire  nail  driven 
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horizontally  in  the  upstream  side  of  the  bane  of  a  willow  tree  on  the 
left  bank  about  40  feet  upstream  from  the  bridge.  Its  elevation  is 
4.00  feet  above  the  zero  of  the  gage.  The  station  was  discontinued 
on  December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Diacfutrge  nu'<uturemeTUs  of  South  River  near  Lilhxmia,  Ga.j  in  1903  and  1904. 


Date. 


1903. 

August  17 

September  10 . 
September  10« 
October  5 


1901. 
January  13. 
March  7 . . 
March  11. 
July  16... 


Hydrographer. 


F.  A.  Murray 
M.  R.  Hall  . . 

do 

do 


M.  R.  Hall  . . 
F.  A.  Murray 
M.  R.  Hall  . . 
W.  E.  Hall . . 


August  9 1  F.  A.  Murray 

August  9 1 . 1 . .  .do 

August  10 

September  23 
December  5 


Width. 


Area  of 
8ection. 


Feet. 

Square  feel. 

96 

294 

102 

279 

60 

81 

100 

273 

103 

290 

108 

382 

97 

293 

91 

216 

109 

446 

109 

416 

109 

398 

102 

250 

105 

369 

Mean  Gage 

velocity.        height. 


Feet  per  sec.  \ 

0.61  ' 

.37  I 

.  1.48 

.38 

.44 
1.44 

.63  I 

.26 
2.62 
2.24 
2.04 

.22 
1.59 


3.58 
4.20 
3.67 
3.22 
4.90 
4.60 
4.53 
3.16 
4.28 


Diacharge. 


Feet.  I  Second-feet. 

3.55  I  .    179 

3.43  104 

3.46  120 

3.40  '  104 


138 
549 
186 

56 

1,172 

934 

812 

56 
688 


a  Parkers  Bridge,  1  mile  above  station. 
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Mean  daily  gage  height^  in  feet,  of  South  River  near  Liihonia,  Ga.,  for  1904^ 


Day. 

Jan. 
3.5 

Feb. 

Mar. 

Apr. 
3.6 

May. 
3.6 

June. 

July. 
3.7 

Aug. 
8.6 

Sept. 
3.5 

Oct. 

XOT. 

3.3 

Dh- 

I 

3.6 

3.6 

4.1 

3.4 

2 

3.5 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.5 

3.4 

3.3 

S.' 

3  

8.5 
3.5 

3.6 
3.5 

3.6 
3.7 

3.6 
3.6 

3.6 
3.6 

3.6 
3.5 

3.6 
3.5 

4.3 
3.6 

3.5 
4.2 

3.4 
3.4 

3.3 
3,3 

X' 

1 :.... 

:l': 

n              .     . 

3.5 
3.5 

3.5 
3.6 

3.6 
3.5 

3.6 
3.6 

3.6 
3.5 

3.6 
3.8 

3.5 
3.5 

3.5 
3.7 

3.8 
3.6 

8.4 

3.4 

3.3 
3.3 

4. ; 

6 

7 

3.5 

3.6 

4.2 

3.7 

3.5 

4.4 

3.5 

5.7 

3.6 

3.4 

8.3 

*•   t 
j-»> 

8 

3.5 

4.1 

4.1 

3.7 

4.1 

8.8 

3.5 

6.8 

3.6 

3.4 

3.3 

.-   t 

9 

3.5 

3.7 

3.6 

3.6 

3.7 

3.7 

3.5 

6.5 

3.6 

3.S 

3.3 

?y.'' 

10 

3.5 

4.5 

3.6 

3.7 

3.6 

8.6 

3.6 

4.6 

3.6 

3.2 

3.3 

3-S 

11  

8.5 

4.3 

3.7 

3.6 

3.6 

3.6 

3.5 

3.8 

3.6 

3.3 

3.3 

X^- 

12 

3.5 

8.7 

3.7 

3.7 

3.6 

3.6 

3.6 

3.7 

3.6 

3.3 

3.3 

X<' 

13 

3.5 

3.6 

3.6 

3.7 

3.6 

3.6 

3.6 

3.6 

8.5 

3.3 

3.4 

3.' 

14 

3.5 

8.7 

4.1 

3.6 

3.6 

3.5 

3.6 

3.6 

3.5 

3.3 

3.3 

%.t 

15 

3.6 

8.7 

3.7 

3.6 

3.6 

3.5 

3.5 

3.7 

3.5 

3.3 

3.3 

A.  ft 

16 

3.5 

8.6 

3.7 

3.6 

3.6 

8.5 

8.5 

4.2 

3.5 

3.2 

3.3 

t€ 

17 

3.7 

3.6 

3.7 

3.6 

3.6 

3.5 

3.5 

3.8 

8.6 

3.2  i 

3.3 

3-* 

18 

3.6 

3.7 

3.6 

3.6 

3.6 

3.5 

3.6 

3.6 

3.5 

3,2 

3.3 

X« 

19 

8.6 

3.7 

3.6 

3.6 

3.5 

3.5 

3.5 

4.1 

3.5 

3.3 

3.3 

r..'. 

20 

3.6 

4.5 

3.6 

3.6 

3.5 

3.6 

3.5 

3.6 

3.5 

3.3 

3.3 

d.» 

21 

3.6 

4.1 

3.6 

3.6 

3.5 

3.6 

3.5 

3.6 

3.5 

3.3 

3.3 

X€ 

22 

4.6 

4.C. 

3.7 

3.6 

3.6 

3.8 

3.5 

3.6 

3.5 

3.3 

3.4 

3.* 

23 

4.2 

4.5 

3.7 

3.6 

3.5 

3.7 

3.7 

3.5 

3.5 

3.3 

3.4 

16 

24 

4.1 

4.3 

3.7 

3.6 

3.5 

3.6 

3.6 

3.5 

3.5 

3.2 

3.4 

3.'i 

25 

4.1 

3.8 

3.7 

3.6 

3.5 

3.6 

3.5 

3.6 

3.5 

8.2 

3.4 

A   f 

26 

3.6 

3.7 

3.7 

3.7 

3.5 

3.5 

8.5 

3..'i 

3.5 

3,2 

3.4 

Ad 

27 

3.6 

3.7 

3.6 

3.7 

3.5 

3.5 

3.5 

3.6 

3.5 

3.2 

3.4 

3.* 

28 

3.5 

3.7 

3.6 

3.6 

3.5 

3.8 

3.5 

3.7 

3.4 

3.2 

3,4 

1» 

29 

3.5 
3.5 
3.5 

3.6 

3.6 
3.6 
3.6 

3.6 
3.6 

3.5 
3.8 
4.6 

3.8 
8.8 

4.5 
8.7 
3.5 

3.6 
3.6 
3.5 

3.4 
3.4 



3.2 
3.2 

3.2 

1 

3.4 
3.4  1 

1 

;^  ^ 

30 

3.h 

31 

3  R 

Rating  table  for  South  River  near  Lithonia,  Ga.,  from  August  17,  1908,  to  December  SI, 

1904. 


Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

I 

DiRcharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

'  Discharge. 

Feet. 

Srrondfeet. 

Sfcoiid-feet. 

i%rt. 

1 
Secondrfctt. 

Ftei. 

Scctmd-Jfft, 

3.20 

55 

4.10 

454 

5.00 

1,220     1 

5.80 

2,050 

3.30 

4.20 

530 

5.10 

1,320 

5.90 

,       2,190 

3.40 

100 

4.30 

606 

5.20 

1.420 

6.00 

,       2,340 

3.50 

130 

4.40 

684 

5.30 

1,520 

6.20 

2,660 

3.60 

168 

4.50 

764 

5.40 

1,620 

6.40. 

,       3,020 

'     3. 70 

214 

4.60 

848     1 

5.50 

1,720 

6.60 

1       3,400 

'     3.80 

266 

4.70 

936     , 

5.60 

1,820 

6.80 

1       3,800 

3.90 

322 

4.80 

1,025 

5.70 

1,930 

7.00 

4,200 

4.00 

384 

1 

4.90 

1,120     ' 

1 

The  above  table  is  based  upon  13  discharge  measurementB  made  daring  1903  antl 
1904.  It  is  well  defined  between  gage  heighta  3.2  feet  and  5  feet.  The  table  has  l)et'n 
extended  lx?yond  these  limits. 
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JCMirnated  monthly  discliarge  of  South  River  near  LUhmiia,  Ga.j  for  1903  and  1904- 


Disehuixc  ill  8econd-feet. 


Month. 


1903. 


Aiiguj^t  17-31 
Sei)teinl)er- . . 

October 

November... 
December  . . . 


Maximum.     Minimum.       Mean. 


1904. 


January  . 
February 
March . . . 

April 

May..;.. 
June 


July 

August  ... 
September 
October  .. 
November 
December 


454 

764  ! 
168 
848 
168 

848 
848 
530 
214 
848 
684 
764 
3,800 
530 
100 
100 
606 


The  year 


3,800 


100 
100 
130 
130 
130 

^30 
130 
130 
168 
130 
130 
130 
130 
100 
55 
77 
130 


169 
167 
131 
178 
135 

198 

318 

213 

179 

189 

206 

168 

502 

155 
74.4 
84.7 

186 


206 


OCMULGEE    RIVER   NEAR    FLOVILI^A,  GA. 

A  station  was  established  July  26,  1901,  on  Ocmulgee  River  at 
Lamar's  ferry,  one-half  mile  below  Lamar's  mill  and  5  miles  east  of 
Flovilla,  Ga.  The  object  of  this  station  was  to  compare  the  discharge 
of  the  river  at  this  point  with  its  discharge  below  at  Macon  through 
the  low- water  season. 

The  gage  consisted  of  a  i  by  5  inch  by  10  foot  poplar  board,  gradu- 
ated to  feet  and  tenths  with  brass  figures,  staples,  and  tacks.  The 
rod  was  nailed  to  a  lt)-foot  pine  plank,  wliich  was  spiked  to  an  ash 
tree  25  feet  below  the  ferry  landing.  The  tree  was  graduated  with 
nails  1  foot  apart,  extending  the  gage  up  to  20  feet  above  datum. 

The  gage  and  bench  marks  were  washed  away  by  a  flood  on  Febru- 
ary 27, 1902.  The  station  was  reestablished  June  18,  1903,  at  Lamar's 
ferry,  by  M.  R.  Hall.  The  vertical  timber  gage  is  in  three  sections. 
The  first  section  is  a  1  by  4  inch  board,  reading  from  0  to  5  feet, 
nailed  to  a  2  by  6  inch  scantling  which  is  spiked  to  a  willow  tree  at 
the  mouth  of  a  small  branch  about  20  feet  above  the  ferry  landing 
on  the  right  bank.  The  second  section,  reading  from  5  to  15  feet,  is 
nailed  to  an  ash  tree  about  60  feet  from  the  river  up  the  same  branch. 
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The  third  section,  reading  from  15  to  25  feet,  is  attached  to  a  cotton- 
wood  tree  on  bank  of  same  branch  about  200  feet  from  the  river. 
No  attempt  was  made  to  place  this  gage  on  the  same  datum  of  the  old 
one.  The  observer  is  B.  S.  White,  who  reads  the  gage  once  each  day. 
He  is  paid  by  the  Georgia  Geological  Survey.  Measurements  are 
made  from  the  ferryboat.  The  initial  point  for  soundings  is  the 
windlass  on  the  right  bank.  The  channel  is  straight  for  1,000  feet 
above  and  5,000  feet  below  the  station.  The  current  is  swift  and 
regular;  the  right  bank  is  high,  but  overflows  at  extreme  hig^h  water. 
The  left  bank  is  somewhat  lower.  The  bed  of  the  stream  is  sandv 
and  shifting,  and  there  is  but  one  channel. 

Bench  mark  No  1  is  a  nail  driven  in  a  large  cottonwood  tree  about 
200  feet  from  the  river  on  the  branch  on  which  the  gage  is  located. 
Its  elevation  is  14.00  feet  above  the  zero  of  the  gage.  Bench  mark 
No.  2  is  a  cross  in  the  solid  rock,  100  feet  uphill  from  the  first  bemh 
mark  and  140  feet  north  from  the  wagon  road,  at  a  point  250  feet  we^t 
of  the  ferry.     Its  elevation  is  34.24  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  meamrernents  of  Ocmulgee  River  near  FloviUa,  Ga.,  in  1903  and  J 904. 


Date. 


1903. 

Auj(ust25 

September  29 
October  13... 
November  12 
December  19. 

1904. 
January  13... 


Hydrographer. 


F.  A.  Murray -- 

do 

J.  M.  Giles 

M.  R.  Hall  .... 
J.  M.  Giles 

W.  E.  Hall.... 


Width. 


Area  of 
<  section. 


Mean 
velocity. 


January  21 ' do 


January  22... 
February  16  . 

April  15 

May  28 

June  17 

July  12 

August  26 

September  20 


do 

F.  A.  Murray.. 
W.  E.  Hall . . . . 

:....do 

B.  S.  Drane 

do 

do 

J.  M.  Giles 


October  6 do 


November  2. 
December  21 


B.  S.  Drane. 
W.  E.  Hall . 


J\cct. 
206 
207 
208 
210 
215 

213 
208 
220 
212 
211 
200 
197 
209 
212 
186 
196 
205 
208 


hei*?ht.      I>i*<^ha«. 


Square  Jeet.  .  Feet  per  «ec. 


484 
404 
414 
535 
542 


1.84 
1.90 
1.69 
2.00 
1.62 


Fed. 
1.61 
1.35 
1.10 
1.78 
1.61 


Servnd/ 


771 
701 

i,o:i> 

Ji7i^ 


593 

1.90 

1.97 

i,i;i' 

504 

1.99 

1.85 

ij^t' 

1,207 

2.87 

5.50 

3. 4:^^ 

764 

2.28 

2.93 

l,74:> 

512 

1.89 

1.67 

l«7»i 

319 

1.60 

.50 

511 

305 

1.52 

.47 

4K4 

529 

1.68 

1.39 

S'^: 

724 

2.00 

2.36 

l,4o«' 

227 

1.46 

.03 

xr 

230 

1.31 

.21 

:vr: 

260 

1.57 

.03 

4(^ 

434 

1.70 

.93 

740 
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Mean  daily  gage  height^  in  feet,  of  f/cmulgee  River  near  FloiiUa^  Ga.^for  1904^ 


Day. 

Aug. 

i 

2.7 
2.7 
2.2 
3.2 
1.5 
1.0 
4.2 
7.4 
10.5 
11.0 
7.6 
5.0 
4.0 
3.9 
2.0 
4.1 

Sept. 

1 

0.7 

.7 

.3 

.4 
8.7 
2.3 
1.4 
1.0 

.8 

.5 

.4  ' 

2 

3 

4 

5 

6 

I............. 

8 

9 

10 

11 

12 

.3 

13 

»    .4 

14 

.3 

1,5 '...   . 

.2 
.2 

Oct. 

Nov. 

-0.3 

-0.3 

-  .3 

-  .2 

-    .3 

.2 

-  .5 

.7 

-  .3 

.9 

-  .3 

.7 

-  .3 

.6 

-  .3 

.4 

-  .3 

.3 

-  .4 

.1 

-  .5 

.1 

-  .3 

.1 

-  .3 

.6 

-  .3 

1.1 

-  .4 

1.0 

-  .4 

.8 

0.6 

.6  ' 

I 

.8  I 
1.2  I 

1.8; 

4.0  ' 

3.8 

3.0 

2.0 

2.8 

1.4 

1.5 


Day. 


1.3 


1.0 

1.0 

.9 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Aug. 


4.0 
2.7 
1.7 
1.5 
1.1 
1.2 

.9 
1.3 

.9 
2.4 
1.6 
1.4 
2.2 
1.1 

.9 


Sept. 

0.0 
.0 
.0 

-  .1 

-  .1 

-  .1 
.4 
.0 

-  .2 

-  .3 

-  .3 

-  .2i 

-  .1 

-  .2 


-0.6 

-  .6 

-  .4 

-  .4 

-  .3 

-  .3 

-  .3 

-  .4 

-  .6 

-  .6 

-  .2 

-  .2 

-  .2 

-  .1 

-  .8 


Nov. 

Dec. 

06 

1.0 

.5 

1.0 

.4 

1.0 

.4 

.9 

.2 

1.0 

.6 

.9 

.9 

.9 

.5 

.8 

.4 

.8 

.8 

.7 

1   n 

.4 
.6 
.5 


3.5 
3.5 
3.0 
1.9 


Rating  table  for  OcraiUgee  River  near  FlovUla^  Ga.,from  Janitarg  1  to  December  Sly  1904, 


Gage 
height. 


Feet. 
0.50 

-  .40 

-  .30 

-  .20 

-  .10 
.00 
.10 
.20 
.30 
.40 
.50 
.60 


Discharge. 


Second-feet. 
225 
250 
275 
300 
326 
350 
375 
400 
430 
460 
490 
525 


Gage 
heigl 


rage 
iight. 


FC€t. 

0.70 
.80 
.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 


Discharge. 

Second-feet. 
560 
595 
630 
670 
710 
750 
790 
835 
880 
925 
970 
1,020 


Gage 
height. 


Feet. 
1.90 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 


Dificliarge. 

1 

Gage 
height. 

FecL 

Discharge. 

1  Second-feet. 

Second-fed. 

'         1,070 

4.20 

2,490 

1         1,120 

4.40 

2,640 

1         1,225 

4.60 

2,790 

1,335 

4.80 

2,940 

1,450 

5.00 

3,090 

1,570 

5.50 

3,475 

1,690 

6.00 

3,875 

1,820 

6.50 

4,275 

1,950 

7.00 

4, 675 

2,080  i 

7.50 

5,085 

2,210 

2,350 

The  above  table  is  based  upon  discharge  measurements  made  during  1903  and 
1904.  It  is  well  defineii  between  gage  heights  0  feet  and  6  feet.  The  table  has  been 
extended  beyond  these  limits.  Above  7  feet  gage  height  estimates  liave  been  made 
from  logarithmic  diagram. 
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STREAM    MEASUREMENTS    IN    1904,  PART    IV. 


[NO.  12: 


JCitlimcUed  monildy  diacharge  of  OcmxUgee  River  tiear  FloviUa,  Go.,  far  1904- 

[DrainHge  area,  1,500  square  miles.] 


Month. 


August . . . 
September 
October  .. 
November 
Decern  l)er 


Dischargre  in  second-feet. 


Maximum. 


8,100 

2,145 

325 

710 

2,350 


Minimum. 


630 
275 
200 
275 
525 


Mean. 


2,005 
507 
261 
493 
987 


Ran-off. 


Second-feel 

per  square 

mile. 


1.34 
.338 
.174 
.329 
.658 


Ilepth  i& 
incb>r« 


1.54 
.  37i 
.2t»l 
.367 

.  75y 


OCMUIiOEE   RIVER  AT  MACON,  OA. 

Ocmulgee  River  rises  in  the  north-central  part  of  Georgia  and  flow> 
in  a  southeasterly  direction,  joining  the  Oconee  south  of  Mount  Ver- 
non to  form  Altamaha  River.  The  di*ainage  area  has  the  same  general 
features  as  that  of  the  Oconee.  A  station  was  established  at  Macon, 
Ga.,  January  21,  1893,  by  the  United  States  Weather  Bureau.  Dis- 
charge measurements  were  begun  by  the  United  States  Geologii^ 
Survey  in  1895,  and  a  wire  gage  was  established  on  the  bridge  of  the 
Macon,  Dublin  and  Savannah  Railroad,  and  was  set  on  the  same  datum 
as  tlie  Weather  Bureau  gage.  For  a  time  gage-height  records  were 
maintained  by  the  Geological  Survey,  as  the  Weather  Bureau  records 
were  for  a  part  of  the  year  only  and  were  discontinued  altogether 
from  June  30, 1897,  to  June  1, 1899.  Since  June  1, 1899,  the  Weather 
Bureau  gage-height  records  have  been  taken  continuously,  and  have 
been  furnished  to  the  Geological  Survey. 

The  gage  is  a  heavy  timber  graduated  to  feet  and  tenths  hy  copper 
nails  and  is  bolted  to  the  downstream  portion  of  the  right  bank  stone 
pier  of  the  Central  of  Georgia  Railroad  bridge.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  Fifth  Street  Bridge, 
an  iron  bridge  of  two  190-foot  spans,  located  about  500  feet  above  tiie 
railroad  bridge  to  which  the  gage  is  attached.  The  initial  point  for 
soundings  is  the  end  of  the  iron  hand  rail  of  the  footway  at  the  right 
bank  on  the  downstream  side.  The  channel  is  straight  and  without 
obstructions,  except  one  bridge  pier.  The  banks  are  high  and  not 
subject  to  overflow.  The  bed  of  the  river  is  soft  and  changeable. 
The  station  was  a  fairly  good  one  until  the  spring  of  1902,  when  the 
bed  of  the  stream  (which  is  of  shifting  sand)  below  the  station  changed 
to  such  an  extent  as  to  make  the  current  very  sluggish  at  low  stages. 

Bench  mark  No.  1  is  the  top  of  the  iron  rim  of  the  sidewalk  80  feet 
from  the  initial  point  for  soundings.     Its  elevation  is  34.35  feet  above 
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the  zero  of  the  gage.  It  was  determined  by  measuring  down  to  the 
water  surface.  Bench  mark  No.  2  is  the  top  of  a  c^ast-iron  post  at  the 
end  of  the  hand  rail  on  the  right  bank,  downstream  side,  of  the  Fifth 
Street  Bridge.  Its  elevation  is  37.37  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  3  is  the  top  of  the  downstream  side  of  the  capstone 
of  the  right  bank  abutment  of  the  Central  of  Georgia  Railroad  bridge. 
Its  elevation  is  32.30  feet  above  the  zero  of  the  gage.  Bench  mark 
No.  4  is  an  aluminum  tablet  on  the  wall  at  the  west  side  of  the  door 
of  the  United  States  Government  building  at  the  Mulberry  street 
front.  This  bench  mark  is  marked  334  feet  and  has  an  elevation  of 
64.37  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  mecuuremenU  of  Ocmulgee  River  at  Macon^  Ga,,  in  190S  and  1904, 


Date. 


Hydrographer. 


M.  R.  Hall 


1903. 
January  26  . . . 

April  2 J.M.Giles... 

April  4 do 

April  21 E.G. Murphy 

Julv  14 M.R.Hall... 

July  14 F.A.Murray 

August  24 do 

September  30 do 

September  30 do 

October  15 

October  15 

November  13  . . 
Dtx^ember  21... 
December  21 . . . 


Width. 


Fsel. 


1904. 
February  17  ... 

April  11 

Mav24 

May  27 

July  20 

August  19 

September  20 «. 

Ortol)er6«> 

November  1  *» . . 


J.  M.  Giles 

do... 

M.  R.  Hall 
J.  M.  Giles 
do... 


F.  A.  Murray . . 
W.  E.  Hall.... 

do 

do 

M.  R.  Hall  .... 
W.  E.  Hall.... 
J.  M.  Giles.... 

do 

B.  S.  Drane 


262 
271 
218 
223 
252 
255 
148 
59 
63 


Area  of 
section. 


Mean 
velocity. 


Square/ect. 
2,337 
4,720 
4,006 
3,652 
4,368 
4,368 
2,115 
1,766 
l,7a5 
541 
1,683 
1,891 
1,877 
1,923 

2,280 

2,060 

1,424 

1,426 

1,576 

1,833 

279 

137 

140 


Feel  per  sec. 

0.77 

1.56 

1.28 

1.20 

1.76 

1.65 

.65 

.57 

.60 

1.71 

.54 

.65 

.67 

.69 

.97 

.85 

.49  ! 

.44 

.64 

.86 

1.54 

1.70 

2.16 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

4.00 

1,794 

11.30 

7,244 

9.00 

5,118 

7.88 

4,385 

11.00 

7,676 

11.00 

7,  314 

3.61 

1,382 

2.55 

1,022 

2.56 

1,057 

2.22 

926 

2.28 

915 

2.84 

1,236 

2.88 

1,264 

2.95 

1,329 

4.35 

2,232 

3.52 

1,759 

1.38 

703 

1.29 

625 

1.87 

1,011 

3.31 

1,584 

.30 

431 

.20 

232 

.14 

302 

a  At  shoals  above  bridge. 


<>Boat  at  Second  street 
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Mean  daily  gage  height^  in  feet,  of  OcmtUgee  River  at  Afacon,  Ga.y  for  1904. 


Day. 

Jan. 

Feb. 

3.5 

3.5 

3.6 

3.3- 

3.2 

3.1 

3.2 

8.3 

7.5 

6.5 

10.3 
9.7 
7.9 
6.1 
5.2 
4.8 
4.5 
4.2 
3.8 
4.1 
5.8 
7.0 

10.3 
9.3 
7.2 
5.4 
5.2 
4.7 
4.3 

Mi|r. 

Apr. 

May. 

2.8 
2.8 
2.8 
2.7 
2.7 
2.6 
2.5 
2.6 
8.6 
3.3 
3.7 
3.0 
2.8 
2.7 
2.6 
2.5 
2.4 
2.3 
2.2 
2.1 
2.0 
1.9 
1.8 
1.7 
1.6 
1.6 
1.5 
1.4 
1.3 
1.3 
1.8 

June. 

July. 

Aug. 

Sept 

Oct. 

Xov. 

Dw 

1 

2.5 
2.5 
2.1 
2.8 
2.7 
2.6 
2.4 
2.4 
2.6 
2.7 
3.1 
3.3 
3.2 
3.2 
3.3 
3.2 
3.5 
4.5 
4.2 
3.5 
3.2 
3.1 
12.9 
10.2 
6.9 
5.0 
4.3 
3.8 
3.7 
8.6 
3.5 

4.2 
4.1 
4.2 
4.4 
4.2 
3.8 
6.1 
7.3 
7.1 
5.7 
5.1 
4.6 
4.2 
4.1 
4.2 
5.0 
4.3 
3.9 
3.7 
3.7 
3.6 
3.4 
3.6 
3.9 
4.0 
3.7 
3.6 
3.8 
4.3 
3;  2 
3.0 

3.1 
3.0 
3.1 
3.0 
2.9 
2.8 
3.0 
3.2 
5.7 
5.1 
3.9 
3.1 
3.2 
3.1 
3.0 
2.9 
3.0 
2.8 
2.8 
3.0 
3.0 
2.9 
2,9 
2.9 
2.9 
2.8 
2.8 
3.0 
3.0 
2.9 

3.9 
4.8 
3.4 
3.3 
1.9 
1.7 
1.5 
2.0 
4.3 
3.3 
2.0 
1.5 
1.3 
1.1 
1.0 
1.0 
.9 
.9 
1.1 
.9 
.8 
4.3 
3.4 
2.0 
1.4 
1.0 
.8 
.8 
1.3 
3.0 

1.9 
1.9 
2.0 
1.2 

.9 
1.7 
1.2 
1.2 
1.0 

.7 
1.0 
1.0 
1.9 
1.7 
1.7 
1.2 
1.0 
1.1 
1.4 
1.9 
1.3 
1.3 
1.1 
1.4 
2.7 
2.2 
1.2 
1.1 

.8 
1.7 
4.6 

3.5 
2.3 
2.9 
4.4 
5.3 
3.4 
2.4 
10.0 
11.1 
15.4 
13.0 
9.7 
6.7 
3.7 
6.7 
5.4 
5.3 
4.9 
3.5 
2.5 
2.0 
1.8 
1.7 
1.7 
7.0 
5.3 
6.3 
4.8 
3.3 
2.9 
2.0 

1.8 

1.7 

1.4 

l.O 

1.0 

4.7 

3.0 

2.0 

1.6 

1.5 

1.4 

1.3 

1.3 

1.1 

1.0 

1.0 

.9 

.8 

.8 

.7 

.5 

1.7 

.6 

.9 

.6 

.4 

.3 

.3 

.2 



0.0 

-  .3 
a-   .5 

a-  .8 
a-1.0 

-  -2 

•> 

.1 
.0 

-  .1 
.0 

-  .1 

-  .1 
.1 

-  .1 

-  .2 

-  .3 

-  .1 

-  .3 

-  .3 
.0 

-  .3 

-  .2 

.4 

.2 

.3 

.3 
o 

•  ^ 

.0 
.1 

-  .1 ; 

0.0 

-   .1 

*2 

.7 

1.6 

1.5 

1.4 

.9 

.9 

.8 

.8 

.5 

.9 

1.3 

l.» 

IS 

1.3 

1.0 

.9 

1.0 

.9 

.9 

1.0 

1.5 

2.1 

1.K 

1.3 

1.2 

1.0 

1.0 

1. 9 

2 

1 : 

3 

4 

14 

5 

•-  * 

6 

il 

7 

6,  a 

R 

1.4 

9 

1       -  • 

10 

1 

11 

12 

"iO 

13 

1  1 

14 

15 

l.v 

1  i 

16 

i'l 

17 

1.9 

18 

±0 

19 

I.» 

20 

1       1  * 

21 

1      1 ' 

22 

t 

1  3 

23 

1  i 

24 

I  4 

25 

1  -^ 

26 

1  T 

27 

2  *' 

28 

ri.4 

29 

H.'i 

30 

IT 

31 

i" 

a  See  footnote  to  estimated  monthly  discharge. 
Rating  table  for  OcniiUgee  River  at  Macon,  Ga.,  from  January  1  io  Decemlyer  Sly  1904. 


Gage 
height. 

Discharge. 

I 

Gage 
height. 

Discharge. 

height. 

Discharge. 

Gage 
height. 

Disohaigt 

Frrt. 

Second-feet. 

J'Teet. 

Second-feet. 

Ik^. 

Sectmd-fect.  j 

Feet. 

Seamd-fret. 

0.30 

250 

0.70 

480 

1.70 

810  ; 

3.40 

1,660 

-    .20 

270 

.80 

510 

1.80 

850 

3.60 

1,770 

-     .10 

290 

•      .90 

540 

1.90 

895 

3.80 

1,890 

.00 

310 

'     1.00 

570 

2.00 

940 

4.00 

2,010 

.10 

330 

'     1.10 

600 

2.20 

1,030 

4.20 

2,  i:» 

.20 

350 

1.20 

630 

2.40 

1,130 

4.40 

2,250 

.30 

375 

1.30 

665 

2.60 

1,230 

4.60 

2,370 

.40 

400 

1.40 

700 

2.80 

1,330 

4.80 

2,490 

.50 

425 

1     1.50 

735 

3.00 

1,440    1 

5.00 

2, 610 

.60 

450 

1.60 

770 

3.20 

1,550 
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The  fore;;oing  table  is  based  upon  9  discharge  measurements  made  during  1904.  It 
i.s  well  defined  between  gage  lieights  —0.3  foot  and  5  feet.  For  gage  heights  above  5 
feet  the  discharge  has  been  estimated  from  1903  measurements. 

Estimated  monthly  discharge  of  Ocrmdgee  River  at  Macorij  Ga.^for  1904. 

[Drainage  area,  2,425  square  miles.] 


Month. 


January 9, 480 

Febniary 6, 540 

March 4,100 

April 3,050 

May 1,830 

June 2, 490 

July 2,370 

August 12, 600 

September j  2, 430 

October^ 400 

November '  986 

December 3,505 


Discharge  in  fteoond-feet. 


Maximum. 


Run-off. 


Minimum. 


985 

1,495 

1,440 

1,330 

665 

510 

480 


Mean. 

2,064 
3,149 
2,214 
1,535 
1,120 
1,029 
772  I 


Second-feet 

per  HQuare 

mile. 


The  year 12, 600 


810 

2,967 

330 

671 

250 

300 

290 

602 

570 

1,295 

250 

1,476 

0.851 

i.:iO 

.913 
.633 
.462 
.424 
.318 
1.22 
.277 
.124 
.248 
.534 


Depth  hi 
inches. 


0.981 
1.40 
1.05 
.706 
.533 
.473 
.367 
1.41 
.309 
.143 
.277 
.616 


too  low  to  represent  the  true  mean, 
mum  discharge  for  the  month  has  heen  assumed  to  apply  for  those  day». 


a  Gage  heights  from  October  3  to  5  are  considered 
odi 


The  mini- 


ALCOVY  RIVER  NEAR  COVINGTON,  OA. 

This  station  was  established  on  April  30,  1901.  It  is  located  about 
3  miles  east  of  Covington,  at  a  low  wooden  bridge  which  is  often  undei 
water.  The  gage  is  a  vertical  rod  10  feet  long,  graduated  to  feet  and 
tenths,  marked  by  V-shaped  grooves  cut  into  the  ttu\e  of  rod  and  brass 
figures.  It  is  spiked  to  a  birch  tree  on  the  left  bank  of  the  river  2 
feet  from  the  upstream  side  of  the  bridge.  The  observer  is  Stephen 
Belcher,  a  farmer  living  near,  who  is  paid  by  the  Georgia  Geological 
Survey.  Discharge  measurements  are  made  from  the  upstream  side 
of  a  low,  two-span,  wooden  bridge  about  100  feet  long.  The  initial 
point  for  soundings  is  the  end  of  the  bridge  floor  on  the  left  bank, 
upstream  side.  The  banks  are  low  and  liable  to  overflow.  The  ground 
on  the  right  bank  is  low  and  swampy  for  several  hundred  yards  and  is 
flooded  by  a  modei*ate  rise.  The  bed  of  the  stream  is  sand}^  and  shift- 
ing, and  the  water  is  sluggish  at  low  stages. 

Bench  mark  No.  1  is  a  notch  and  nail  in  a  maple  tree  on  the  right 
bank,  about  15  feet  from  the  upper  side  of  the  bridge.  Its  elevation 
is  5.91  feet  above  the  zero  of  the  gage.     Bench  mark  No.  2  is  a  copper 


70 


STREAM   MfiASUBEMENTS    IK   1904,  PART    IV. 


[so  tr. 


plug  set  in  the  solid  rock  on  the  north  edge  of  the  side  ditch  on  the 
upstream  side  of  the  road,  100  feet  from  the  end  of  the  bridge,  on  the 
left  bank  of  the  river.  Its  elevation  is  7.82  feet  above  the  zero  M 
the  gage.     This  station  was  discontinued  on  December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measuremerita  of  Alcovy  Rii^er  near  Cdvingtont  Ga.,  in  190S  and  2904. 


Date. 


1903. 

March  11 

May  28 

July  24 

August  27 

Octobers.... 
November  14 
December  19. 


1904. 
February  20  . . . 

April  13 

June  16 

July  12 

September  22  . . 
September  22  «. 
September  22  ft. 

December  6 

December  6 


Hydroifrapher. 


M.  R.  Hall  .. 

do 

do 

do 

do 

F.  A.  Murray 
do 


W.  E.  Hall . 
M.  R.  Hall  . 

do 

VV.  E.  Hall  . 
M.  R.  Hall  . 

do 

do 

do 

do 


Width. 


Feet. 


71 
60 
59 
57 
60 
24 
30 
67 
67 


Area  of 
section. 


Square/eet. 
518 
465 
352 
334 
306 
334 
344 

470 
320 
230 
254 
207 
26 
33 
392 
:I96 


Mean 
velocity. 


Feet  per  see, 
1.11 
.83 
.49 
.38 
.39 
.47 
.45 


Ga«« 
height. 


FKt. 

4.41 
3.48 
1.92 
1.60 
1.50 
1.90 
1.85 


Diachaiire. 

Seetmd/*^ 
57.T 
3?vi 
174 
127 
120 
157 
155 


.88 

3.67 

4ir^ 

.63 

2.11 

'Uti 

.29 

.63 

»: 

.37 

1.00 

i4 

.26 

.45 

53 

1.61 

.45 

42 

1.27 

.45 

42 

.84 

3.35 

32S 

.90 

3.38 

358 

a  200  feet  below  bridge. 


iiSOO  feet  above  bridi^e. 
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Mean  daily  ffttge  Juightj  infeety  of  Alcory  River  near 

Covington^  Ga.y  for  1904. 

Day. 

Jan. 

2.00 
2.M) 
2.00 
2.20 

Feb. 

Mar. 

Apr. 

2.40 
2.40 
2.50 
2.40 
2.00 

May. 

2.10 
1.90 
1.80 
1.70 
1.70 

June. 

2.90 
2.40 
2.30 
1.50 
1.30 

July. 

Aug. 

Sept. 

Oct. 

0.25 
.45 
.30 
.20 
.20 

Nov. 

0.55 

.65 

.80 

1.80 

1.45 

Dec. 

1. 

2.60 

2.90 

1.25 

1.15 

.80 

.60 

.60 

0.80       1.15 

1.10 

2 

2.50       2.80 
2.40       2.90 
2.30       3.00 
2.20  1    2.90 

1.20 
3.66 
1.85 
1.45 

1.00 

.80 

1.80 

2.50 

1.40 

3 

1.60 

4 

1.70 

5. 

2.40 

2.50 

6. 

2.30 

2.20  '     2.60 
2.50       4.00 

2.00 
2.50 

1.70 
1.50 

1.50 
1.40 
1.50 
1.50 
1.50 

.50 

.40 

.75 

1.75 

1.70 

1.30 
2.80 
3.10 
4.40 
4.80 

1.70 
1.15 
1.00 
1.10 
1.00 

.20 
.35 
.30 
.85 
.80 

1.55 

1.35 

.95 

.95 

.90 

3.40 

7 

2.20 

3.45 

8 

2.10       2.70  ,     4.50  : 

3.00  '    2.50 
3.70       2.20 
2.90  ;    2.60 

3.40 

9 

2.20 

2.8J 
3.50 

4.90 
4.60  , 

2.40 

10. 

••••••"•■•"•• 

2.20 

2.30 

11- 

2.30 

5.50       4.00 

2.50, 

2,90 

1.30 

1.65 

5.70 

1.00 

.30 

.85 

2.20 

12. 

2.50 

5.00  '    3.30 

2.30  1    2.00 

1.20 

1.60 

5.90 

.76 

.80 

.85 

2.25 

13. 

2.40 

4.60 

3.00 

2.10 

1.90 

1.10 

1.00 

4.76 

.80 

.26 

1.50 

2.00 

14. 

'    2.60 

1 

4.10       3.00 

2.00 

1.40 

1.00 

1.20 

3.30 

.75 

.25 

1.45 

1.95 

15 

2.30 
2.10 

3.80  '    3.50 
3.60       3.60 

1 

2.00 
2.00 

1.40 
1.50 

.90 

.80 

.90 
.75 

8.10 
4.90 

.75 
.70 

.25 
.26 

1.80 
1.85 

1.70 

16. 

1.70 

17. 

2.50 

3.20 

3.20 

2.00 

1.40 

.60 

.70 

4.76         .50 

.25 

1.20 

1.80 

18. 

2.70 

3.00 

8.00 

2.00 

1.50 

.60 

.50 

2.80 

.65 

.25 

1.10 

1.70 

19 

2.60 

3.40 
3.70 

2.80 
2..'i0 

2.00  i,1.30 
2.00  '     1.30 

.50 
.40 
.40 
.70 
.60 
.50 
.50 
.50 
.46 

.60 
.70 
.90 
.50 
.70 
.80 
.70 
.60 
.50 

2.00 
1.80 
1.70 
1.40 
1.20 
1.20 
1.20 
1.10 
1.15 

.60 
.50 
.46 
.40 
.30 
.30 
.50 
.45 
.40 

.26 
.30 
.25 
.25 
.25 
.25 
.90 
.85 
.75 

1.05 
1.10 
1.15 
1.10 
1.60 
1.80 
2.15 
2.00 
1.50 

1.70 

20. 

2.40 
3.40 
3.50 
4.50 
4.10 
3.50 
3.00 

1.60 

21 

4.20  1    2.50 

2.10 
2.10 
2.00 
2.10 

1,30 
1.30 
1.20 
1.'20 

1.60 

22. 

4.70 
5.00 
4.70 

2.90 
3.10 
3.10 

1.50 

W 

1.50 

24. 

1.50 

?fi 

4.40       2.90 
3. 90       2.  HO 
3. 40       2. 80 

2.00  1     1-10 

1.76 

26 

2.20 

1.10 

1.85 

27 

2.90 

1     "  - 
2.20       1.10 

1.80 

28 

■    2.70 

8.20       2.70 

2.20       1.10 

.40 

.40 

1.70 

.85 

.66 

1.30 

2.10 

W 

2.60 
2.50 
2.90 

3.00  '    2..'V0 

2.  CO       1.00 

1.90  1    1.00 

2.00 

.75 
1.30 

.60 
.50 
.70 

1.40 
1.25 
1.10 

.30 
.80 

.66 
.65 
.65 

1.20 
1.20 

2.60 

30 

\    2.30 
'    2.30 

2.90 

31 

' 

2.75 

f. 

Rating  table/ 

or  Alcovy  Ri 

ver  nea 

r  (hvingtonj 

(7 a.  f  from  January  1  to  December  31  ^  190^ 

Gage 
height. 

- 

FeH, 

Discharge. 

h 

1 

Sage 
eight. 

Di8charge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Second-feet. 

Feet. 

Secondr/eet. 

Feet. 

Sec 

'ond/eet.  ; 

Feet. 

Second-feet. 

0.20 

38 

1.50 

135 

2.70 

259 

3.90 

460 

.30 

45 

1.60 

144 

2.80 

272 

4.00 

480 

.40 

52 

1.70 

153 

1 

2.90 

,286 

4.20 

522 

.50 

59 

1.80 

162 

3.00 

300 

4.40 

564     \ 

.60 

66 

1.90 

171 

3.10 

315 

4.60 

606 

.70 

73 

2.00 

180 

3.20 

331 

4.80 

648 

.80                80 

2.10 

190 

3.30 

347 

5.00 

690 

.90 

87     ' 

2.20 

201 

3.40 

364 

5.20 

734 

1.00 

95     , 

2.30 

212 

3.50 

382 

5.40 

778 

1.10 

103     '     2.40 

223 

3.60 

401 

5.60 

822 

1.20    i           111      '     2.50 

1                    1 

234 

3.70 

420    ;i    5.80 

866 

k 

1.30 

119     '     2.60 

246 

3.80 

440    1 

6.00 

910    ' 

1.40    :          127 

1 

1 
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The  foregoing  table  is  based  upon  nine  discharge  measurements  made  darinf;  1S«h. 
It  is  well  defined  between  gage  heights  0.0  and  4  feet.  Above  4  feet  the  cur%'e  is  detrr- 
mined  by  two  measurements  made  in  1902  and  1903. 

Estimated  monlhly  discharge  of  Alcoiy  River  near  Covington,  Ga.,  /or  1904- 

[Drainage  area,  228  square  miles.] 


Month. 


January  

February 

March , 

April 

May 

June 

July 

August , 

September 

October 

November 

December 

The  year 


Maximum.  '  Minimum. 


585 
800 
669 
420 
286 
286 
157 
888 
234 
87 
195 
373 


I 


888 


eoond 

l-feet. 

Run-off. 

lum. 

Mean. 

Seeond-feet 

per  square 

mile. 

Depch  ir. 
inr-bt- 

180 

264 

1.16 

1.34 

201 

406 

1.78     , 

l.Hl* 

212 

331 

1.45 

1.67 

171 

209 

.917 

l.ie 

95 

147 

.645  i 

.744 

52 

ia5 

.460 

.7»11 

52 

84.2 

.369  , 

.42.1 

80 

290 

1.27 

1.4r> 

45 

80.8 

.354  1 

.  :{!«^T 

38 

50.6 

.222 

.  L>:^ 

6;^ 

115 

.504 

103 

193 

.846  ' 

,  97n 

38 

190 

1 

.831  i 

1 

ll.IiS 

APALACHEE    RIVER   NEAR  BUCKHEAD,  GA. 

This  station  was  established  February  13,  1901,  by  M.  R,  Hall.     It 
is  located  at  the  iron  wagon  bridge  ov^er  Apalacheo  River  alx>iit  ''^ 
miles  north  of  the  town  of  Buckhead,  Ga.     The  bridge  is  a  sincrlo 
span  103  feet  long,  supported  by  tubular  piers.     Its  trestle  approaoh«> 
are  about  500  feet  long  on  the  right  bank  and  about  100  feet  on  the 
left.     At  ordinary  stages  the  channel  is  about  80  feet  wide,  and  it  i> 
only  slightly  curved  above  and  below  the  bridge.     The  bed  of  the 
river  is  pait  rock  and  part  sand.     The  current  is  modenitely  swiff 
and  is  somewhat  broken  and  irregular  on  account  of  ruins  of  old  pier 
bases  about  50  feet  upstream.     The  right  bank  is  low  for  a  distance  of 
400  feet  and  will  overflow  at  a  gage  height  of  10  feet.     The' low  por- 
tion is  thickly  covered  with  trees  and  a  brushy  growth,  which  will 
greatly  retard  the  flood  water  passing  over  it.     The  left  Imnk  is  high 
and  will  not  overflow,  except  to  a  short  distance  up  the  steep  slo|x*. 
Measurements  are  made  from  the  downstream  side  of  the  bridge,  and 
the  initial  point  is  the  outside  edge  of  the  iron  pier,  left  bank,  down- 
stream.    The  original  gage  was  graduated  to  feet  and  tenths  with 
brass  figures  and  staples,  and  consisted  of  two  parts.     The  fii"st  sec- 
tion, extending  from  zero  to  10  feet,  was  fastened  to  a  small  sish  ti*ee 
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on  the  left  bank  about  KK)  feet  below  the  bridge.  The  second  section, 
extending  from  6  to  20  feet,  was  nailed  to  the  upstream  post  of  the 
last  wooden  bent  next  to  the  iron  bridge,  on  the  right  bank. 

On  March  22,  1905,  a  standard  chain  gage  was  attached  to  the 
upstream  side  of  the  bridge,  in  the  third  panel  from  the  right  bank. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
30.70  feet. 

Bench  mark  No.  1  is  the  top  of  the  iron  pier  from  the  right  bank, 
downstream  side.  Its  elevation  is  25.00  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  2  is  the  top  of  the  downstream  end  of  the  first  floor 
>>eam  from  the  right  bank.  Its  elevation  is  25.50  feet  above  the  zero 
of  the  gage.  Bench  mark  No.  3  is  a  copper  plug  set  in  solid  rock  10 
feet  west  of  the  upstream  tubular  pier  on  right  bank  and  3  feet 
upstream  from  the  line  of  the  upper  edge  of  the  bridge.  Its  elevation 
is  3.73  feet  above  the  zero  of  the  gage. 

The  observer  is  G.  A.  J.  Adams,  a  farmer  living  about  one-third  of 
a  mile  from  the  bridge.  Readings  are  made  once  a  day,  except  for 
three  months  during  low  water,  when  they  were  made  twice  a  day. 
The  observer  is  paid  by  the  Georgia  Geological  Survey. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  meamrements  of  Apalachee  River  near  Buckhead^  Ga. 


Date. 


Hydrographer. 


1903. 
January  15 

« 

Mav  27 

if 

June  12  ... 

July  25 

August  28  . 
October  9,. 
December  1 


M.  R.  Hall 

do  ,... 

do  .... 

do  .... 

do 

do  .... 

do 


1904. 

March  19.......    M.  R.  Hall 

Mav  12 do 

■r 

July  13 W.  E.  Hall.... 


August  9 

August  9 

September  21 
October  13... 
October  13... 
Novenil)er  26 
November  26 


M.  R.  Hall. 

do  .... 

do  .... 

W.  E.  Hall 

do      .. 

M.R.Hall. 
do  .... 


Width. 


Feet. 


85 
73 
75 
95 
95 
73 
70 
70 
77 
77 


Area  of 
section. 

Mean 
velocity. 

Square/eet. 

Feet  per  tec. 

290 

1.53 

222 

1.63 

327 

1.97 

204 

1.30 

198 

1.08 

211 

1.12 

231 

1.10  ' 

279 

1.67  , 

260 

1.20 

244 

.91 

771 

2.43 

785 

2.42 

180 

.70 

166 

.55 

166 

.57 

232 

.80 

227 

.74 

Gaxe 
height. 


Feet. 
2.33 
1.88 
3.07 
1.51 
1.31 
1.45 
1.60 

2.39 

1.83 

1.48 

7.15 

7.30 

.90 

.80 

.80 

1.39 

1.34 


Discharge. 


Second-feet. 
444 
361 
643 
266 
214 
237 
255 

466 

311 

223 

1,877 

1,903 

128 

91 

94 

186 

167 
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Mean  daily  gage  height,  in  feel,  of  Apalachee  River  iieat  Btickhead,  Ga.,  for  1904- 


Day. 

Jan. 

1.80 
1.80 
1.90 
1.80 
1.70 
1.70 
1.60 
1.60 
1.50 
1.80 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.20 
2.10 
2.10 
2.00 
2.10 
2.20 
6.00 
6.50 
2.70 
2.60 
2.40 
:    2.40 
2.30 
2.00 
2.U0 

< 

Feb. 

Mar. 

Apr. 

2.20 
2.40 
2.20 
2.10 
2.00 
2.00 
2.20 
2.80 
4.00 
2.90 
2.40 
2.  SO 
2.30 
2.20 
2.10 
2.00 
1.90 
2.00 
2.10 
2.20 
2.30 
2.20 
2.10 
2.00 
1.90 
2.10 
2.20 
2.30 
2.20 
2.10 

May. 

June. 

2.30 
2.») 
1.50 
1.30 
1.50 
1.40 
1.30 
2.90 
2.40 
1.90 
1.60 
1.60 
1.50 
1.60 
1.40 
1.40 
1.30 
1.30 
1.00 
.70 
2.00 
1.70 
1.60 
1.40 
l.SO 
1.30 
1.20 
1.20 
1.60 
2.60 

July. 

2.00 
1.80 
1.80 
1.40 
1.90 
1.20 
.1.10 
1.00 
3.00 
1.90 
1.80 
1.70 
1.60 
1.50 
1.40 
1.20 
1.00 
.80 
1.00 
1.20 
1.00 
1.60 
1.60 
2.00 
1.20 
1.60 
1.50 
1.50 
1.60 
1.60 
1.50 

Aug. 

SepU 

1.50 

1.50 

1.40 

1.60 

■2.80 

2.30 

1.90 

1.70 

1.60 

1.40 

1.30 

1.30 

1.40 

1.40 

1.90 

1.20 

1.00 

.85 

a. 65 

.80 

.80 

.80 

'.76 

.75 

.75 

a. 56 

.60 

1.06 

.90 

.75 

Ot-t. 

Nov. 

0.«> 
1.25 
1.20 
1.90 
1.86 
1.50 

al.OO 
1.45 
1.40 
1.25 
1.35 
1.S5 
1.90 
1.80 
1.85 
1.75  1 
1.70, 
1.70 
1.65 
1.45 

al.OO 
1.45 
1.75 
1.65 
1.70 
.    1.5C 
1.45 

al.25 
1.50 
1.45 

I 

r>^r. 

1 

1.90 
1.80 
1.80 
1.90 
2.00 
2.10 
2.10 
3.10 
4.00 
4.50 
7.00 
6.60 
5.50 
3.10 
3.00 
2.80 
2.40 
2.20 
2.50 
3.30 
4.00 
6.10 
6.80 
6.00 
3.60 
3.00 
2.80 
2.60 
2.60 

2.40 
2.50 
2.50 
2.40 
2.30 
2.40 
3.60 
5.70 
4.80 
3.40 
3.00 
2.80 
2.50 
2.30 
3.60 
3.30 
2.80 
2.60 
2.40 
2.30 
2.20 
3.60 
3.20 
3.10 
2.90 
2.70 
3.00 
2.70 
2.50 
2.40 
2.30 

1.90 
1.50 
1.80 
1.90 
1.60 
1.70 
1.80 
1.90 
2.00 
2.60 
2.10 
2.00 
1.80 
1.70 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.20 
1.80 

1.70 

1.90 

2.10 

3.00 

2.70 

2.40 

3.00 

4.60 

6.70 

9.90 

6.70 

6.40 

2.60 

2.60 

2.80 

3.50 

4.60 

2.60 

2.80 

2.00, 

1.70 

1.50 

2.00 

2.10 

2.30 

2.00 

1.70 

2.00 

1.70 

1.60 

1.60 

o.a*) 

.65 

a. 50 
.65 
.65 
.65 
.76 
.80 
.65 

a. 45 
.65 
.65 
.60 
.60 
.65 
.65 

a. 45 
.65 
.65 
.65 
.65 
.65 
.60 

a. 40 
.70 
.85 

1.40 

1.06 
.90 
.95 

a. 65 

l.«i 

2 

l.oiJ 

3 

1* 

4 

l.iv, 

6 

iiS 

6 

•2.75 

7 

3.56 

■ 

8 

■J.  65 

9 

2,1.^ 

10 

1.% 

11 

\.m 

12 

i.w 

13 

14 

16 

16 

l.T-' 

1.7U 
1.70 

1.HI 

17 

l.SO 

18 

19.*. 

20 

21 

2.UD 

l.J« 

1-yo 
1.^ 

22 

1-70 

23 

3.70 

24 

l.iZi 

25 

i.r« 

26 

i.&i 

27 

1.6l> 

28 

29 

3.«,i 

3.  at 

80 

2..% 

31 .'. 

2-30 

a  During  low  water  in  September,  October,  and  November  the  Mondav  gage  heights  are  lower  than 
natural  flow  on  account  oi  storing  water  during  Sunday  at  High  Shoals  Factory  25  mUe»  above  thb 
Ntatlon. 

Rating  table  for  Apalachee  River  near  Biu:kJiead,  Oa, ,  from  January  1  to  December  SI, 

1904. 


• 

Gage 
height. 

Discharge. 

Gage 
heiglit. 

Discharge.  , 

Gage 
height. 

Discharge. 

Gage 
height. 

DiKchargc. 

F^et. 

1 
Second-fffi. 

Feet. 

Second-feet. 

J!Vrt. 

Second-feet. 

Feet. 

Seeoad-fiwL 

0.40 

43 

1 

1.20 

174 

2.00 

358 

3.60 

791 

.50 

55  ' 

1.30 

195 

2.20 

409 

3.80 

g49 

.60 

69 

1.40 

216 

2.40 

461 

4.00 

907 

.70 

84  1 

1 

1.50 

238 

2.60 

514 

4.20 

965 

.80 

100 

'      1.60 

261 

2.80 

568 

4.40 

1.025 

.90 

117 

1.70 

284 

3.00 

622 

4.60 

1,085 

1.00 

135 

1.80 

308 

3.20 

678 

4.80 

1,145 

1.10 

154 

1.90 

333 

3.40 

734' 

•          1 

5.00 

1.205 

The  above  table  is  based  upon  26  discharge  measnrementa  ma«1e  during  1901-1904. 
It  is  well  defined  between  gage  heights  0.8  foot  and  3  feet  and  fairly  well  from  gage 
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heighta  3  to  8  feet.     Above  gage  height  4.2  feet  the  rating  curve  is  a  tangent,  the  dif- 
ference being  30  per  tenth. 

Estitrutted  monihbj  difuhnrge  of  Apolachee  River  near  Buckhexid,  Ga.^  for  1904- 

[Drainage  area,  440  square  miles.] 


Discharge  in  second- feet. 


Run-off. 


Month. 


Maximum. 


January  . .. 
February . . 

March 

April 

May  ...... 

June 

July 

August 

September 
October  .. 
November 
December 


1,655 

1,805 

1,415 

907 

487 

595 

622 

2,675 

568 

216 

333 

776 


Minimum. 


The  year 


2,675 


238 
308 
409 
333 
174 
84  , 
100  I 
238  ' 
062 
«43 
0126 
216 


43 


438 
751 
596 
425 
286 
264 
239 
647 
187 
84.1 
240 
363 


Second-feet 

per  square 

mile. 


0.995 

1.71 

1.35 
.966 
.6504 
.600 
.543 

1.47 
.425 
.191 
.545 
.825 


Depth  in 
inches. 


1.15 
1.84 
1.56 
1.08 
.749 
.669 
.626 
1.70 
.474 
.220 
.608 
.951 


11.00 


a  See  note  under  gage  heights.' 
OCONEE   RIVEi:  NEAR  GREENSBORO,  GA. 

This  station  wa^j  erttablished  July  25,  1903,  by  M.  R.  Hall.  It  is 
located  at  the  new  wagon  bridge,  about  5  miles  west  of  Greensboro, 
on  the  road  to  Madison,  Ga.  The  bridge  is  of  two  spans.  The  first 
one  from  the  right  bank  is  80  feet  long,  and  is  not  over  the  water 
except  at  time  of  floods.  The  main  span  over  river  is  144  feet  long. 
There  is  also  52  feet  of  iron  trestle  and  about  40  feet  of  wooden  trestle 
on  the  right  bank,  and  253  feet  of  iron  trestle  and  about  325  feet  of 
wooden  trestle  on  the  left  bank.  Ordinarily  the  river  is  about  120 
feet  wide.  The  bed  is  sandy  and  shifting.  The  channel  is  nearly 
sti'aight,  and  the  current  is  regular  and  sluggish  at  low  stages.  The 
right  bank  is  high  and  rocky,  with  the  exception  of  a  low  bench  under 
the  bridge  and  approach.  The  left  bank  is  low  and  will  overflow  at 
a  gage  height  of  12  to  15  feet  to  the  end  of  the  approach,  a  distance 
of  about  600  feet,  and  extreme  high  water  may  pass  beyond  the  end 
of  the  approach. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge.  The  initial  point  is  the  end  of  the  iron  trestle  on  the 
right  bank,  downstream. 
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The  boxed  chain  gage  is  bolted  to  the  lower  chord  of  the  down- 
stream side  of  the  bridge  163  to  165  feet  from  the  initial  pwint  for 
soundings.  The  length  of  the  chain  from  the  end  of  the  weight  ti> 
the  marker  is  38.73  feet.  The  gage  is  read  once  each  day  M'  M.  A. 
Stevens,  who  is  paid  by  the  Georgia  Geological  Surve3\ 

Bench  mark  No.  1  is  the  top  of  the  downstream  end  of  the  second 
floor  beam  from  the  right-bank  pier.  Its  elevation  is  36.00  feet  alx>\> 
gage  datum.  Bench  mark  No.  2  is  a  copper  plug  set  in  the  rock  under 
the  upstream  side  of  the  bridge  opposite  a  point  84  feet  from  the 
initial  point  for  soundings.  Its  elevation  is  13.55  feet  above  ga^ 
datum.  Bench  mark  No.  3  is  on  a  hickory  tree  26  feet  downstream 
from  the  end  of  the  wooden  trestle  on  the  right  bank.  Its  elevatiou 
is  33.15  feet  above  gnge  datum.  Bench  mark  No.  4  is  the  concrete 
foundation  under  the  iron  post  below  the  initial  point  for  soundinp^. 
Its  elevation  is  27.58  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 


Discharge  mecufwrementa  of  Oconee  River  near  Oreensboro,  Ga.,  in  190S  and  1904. 


Date. 


1903. 

June  12 

July  25 

August  28 

October  9 

December  2.. 

1904. 
February  19  . 

March  19 

May  12 

June  9 

July  13 

August  9 

August  9 

Septeml)er  21 
September  21 
October  13... 
October  13... 
November  26 
November  26 


Hydrographer. 


M.  R.  Hall. 

do.... 

do  .... 

do  .... 

W.  E.  Hall. 

W.KHall. 
M.  KHall. 

do  .... 

do  .... 

W.KHall. 
M.  R.  Hall. 

do  .... 

do  .... 

do.... 

W.E.Hall. 

do  .... 

M.  R.  Hall. 
do  .... 


Width. 


Feel. 


117 

117 

113 

115 

115 

131 

133 

94 

94 

93 

93 

103 

103 


Area  of 
section. 

Mean 
velocity. 

Square/eet. 

Feet  per  tec. 

808 

1.88 

439 

1.67 

439 

1.51 

424 

1.63 

389 

1.86 

525 

2.03 

544 

1.86 

404 

1.86 

368 

1.68 

326 

1.40 

1,409 

3.56 

1,504 

3.61 

295 

1.01 

291 

1.03 

285 

1.06 

285 

1.02 

320 

1.63 

308 

1.60 

GaRe 
height. 

Disichai;^ 

Feci. 

Second  jf't 

4.00 

1,521 

1.75 

7'Xi 

1.70 

titiS 

1.70 
1.66 

2.75 

2.75 

1.90 

1.57 

.99 

9.82 

10.49 

.45 

.45 

.51 

.50 

1.35 

1.28 


m 


725 


l,Otifi 


••-.> 
j.>i 


617 
4iv» 

5,017 

5.4:;i 

**7 
301 
3112 
291 
hZ\ 
494 
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}fean  daily  gage  heigklj  in  feet,  of  Oconee  River  near  GreensborOf  (?a.,  for  1904- 


Day. 

Jan. 

1.8 
1.8 
2.0 
1.8 
1.8 
1.6 
1.7 
1.8 
1.8 
1.9 
2.0 
2.0 
2.1 
2.0 
2.0 
1.9 
2.5 
2.0 
2.0 
1.8 
2.2 
2.0 
2.2 
4.7 
.4.8 

;3.0 

2.5 

'2.4 

.2.3 

2.3 

2.1 

Feb. 

Mar. 

3.1 
2.8 
3.0 
3.4 
3.4 
3.4 
6.0 
7.9 
7.6 
4.3 
3.8 
3.6 
3.4 
3.1 
4.8 
8.5 
3.2 
2.8 
2.7 
2.5 
2.7 
3.7 
4.8 
3.7 
3.4 
3.8 
3.6 
3.1 
2.8 
2.7 
2.6 

Apr. 

2.6 
2.6 
2.4 
2.3 
2.8 
2.2 
2.7 
2.8 
3.8 
3.0 
2.5 
2.4 
2.2 
2.1 
2.2 
2.1 
2.2 
2.2 
2.3 
2.0 
2.0 
2.0 
2.4 
2.0 
2.0 
2.0 
3.5 
3.0 
2.8 
2.6 

May. 

1.8 
1.8 
1.7 
1.5 
1.5 
1.6 
1.6 
1.6 
1.7 
1.8 
4.5 
2,0 
2.0 
1.8 
1.8 
1.7 
1.8 
1.6 
1.5 
1.3 
1.2 
1.2 
1.1 
1.1 
1.0 
1.0 
.9 
1.0 
1.1 
1.2 
2.8 

June. 

July. 

2.5 

1.7 

1.5 

1.0 

.9 

.9 

.8 

.8 

1.1 

1.0 

1.7 

1.5 

1.1 

,9 

.8 

.7 

.7 

.7 

.7 

.7 

.8 

1.7 

1.2 

1.0 

1.1 

1.1 

1.0 

1.0 

.9 

.8 

3.7 

Aug. 

Sept. 

Oct. 

0.4 
.3 
.3 
.4 
.6 
.5 
.4 
.4 
.3 
.2 
.6 
.6 
.5 
.5 
.2 
.1 
.2 
.2 
.4 
.4 
.5 
.5 
.6 
.1 
.1 
.2 
.1 
.8 
.6 
.5 
.4 

Nov. 

0.7 

.8 

.8 

1.2 

1.3 

1.0 

.9 

.9 

.7 

.6 

.6 

.6 

1.6 

1.4 

1.2 

1.2 

1.2 

1.1 

1.1 

1.0 

.8 

.8 

1.0 

1.5 

1.8 

1.4 

1.2 

1.0 

1.0 

1.8 

mJ^S%^m 

1 

•^ 

3 

2.0 
2.2 
2.3 
2.4 
2.6 
2.5 
2.3 
6.1 
5.5 
4.0 
8.6 
6.2 
4.2 
8.9 
3.3 
3.2 
2.8 
2.7 
3.0 
4.7 
4.9 
6.7 
5.2 
4.8 
4.5 
4.0 
8.4 
34 
8.0 

8.1 
2.6 
2.0 
1.4 
1.2 
1.0 
1.0 
1.8 
1.3 
1.2 
1.1 
2.3 
1.3 
1.2 
1.1 
.9 
.9 
1.0 
.9 
.7 
1.2 
2.1 
1.5 
1.4 
1.0 
1.0 
.9 
.7 
1.0 
2.7 

2.6 
2.7 
2.4 
2.0 
1.4 
8.4 
3.2 
3.7 
9.3 
11.9 
10.0 
5.3 
3.8 
2.8 
2.4 
3.9 
2.7 
2.1 
1.7 
1.6 
1.6 
1.6 
1.6 
1.5 
1.4 
1.3 
1.8 
1.8 
1.8 
1.6 
1.6 

1.5 

1.5 

1.7 

2.0 

3.8 

2.8 

1.9 

1.8 

1.2 

1.0 

1.0 

.9 

.9 

.9 

.8 

.7 

.7 

.6 

.6 

.6 

.5 

.5 

.5 

.6 

.4 

.4 

.5 

.6 

.6 

.4 

1.4 
1.4 
1.8 

A.L 

1.7 

5 

1.9 

6 

4.4 

7  

4.7 

8 

2.8 

9.... 

2.2 

10 

11 

1.9 
2.0 
2.0 

13 

1.8 

1.7 

16 

1.7 

1.5 

17 

1.8 

1.8 

19 

1.7 

1.7 

21 

1.5 

1.6 

23 

1.5 

1.4 

25 

1.2 

1.2 

27 

1.4 

3.3 

29 

8.8 

2.8 

31 

2.2 

Note.— The  low  water  gage  heigh ta  are  liable  to  more  or  less  error  owing  to  the  storing  of  water  at 
developed  powers  above  'this  station. 

Retting  table  for  Oconee  River  near  Greensboro^  Ga.,  from  July  £6,  1903,  to  December  SI, 

1904. 


Gage 
height. 

Discharge. 

Gage 
height 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

fkcund-feet. 

Feci. 

1 

Seamdfeet. 

Ftet. 

Second-feet. 

0.10 

215 

0.90 

420 

1.70 

675 

3.00 

1,140 

.20 

235 

1.00 

450 

1.80 

710 

3.20 

1,220 

.30 

255 

1.10 

480 

1.90 

745 

3.40 

1,300 

.40 

280 

1.20 

510 

2.00 

780 

3.60 

1,384 

.50 

305 

1.30 

540 

2.20 

852 

3.80 

1,472 

.60 

330 

1.40 

570 

2.40 

924 

4.00 

1,560 

.70 

360 

1.50 

605 

2.60 

996 

.80 

1 

390 

1.60 

640 

2.80 

1,068 

It  is  based  upon  18  dischai^e  measurements  made  during  1903-4.     It  is  well 
defined  between  gage  heights  0.4  foot  and  4  feet.    Above  4  feet  gage  height,  eeti- 
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mates  of  daily  diflcharge  are  baaed  upon  the  extension  of  the  rating  curve,  throc^ 
two  measurements  at  about  10  feet  gage  height. 

Eglimated  monthly  duckarge  of  Oconee  River  near  Greemboro,  Ga,ffor  1903  and  J904. 


Month. 


1903. 
July  (2&-31) 

August 

September 

October 

November 

December 

1904. 
January 

February 

March 

April 

May , 

June 

July 

August 

September 

October , 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


924 
7,450 
5,244 

710 
1,428 

924 

1,924 
4,070 
3,676 
1,472 
1,780 
1,180 
1,428 
6,522 
1,472 
390 
710 
1,876 


6,522 


Minimam.       Mean. 


640 

eo5 

420 
510 
640 
605 

640 
780 
960 
780 
420 
360 
360 
540 
280 
215 
330 
510 


716 

1, 481 
1,051 

610 
790 
718 

8ii8 

1,576 

1,4<>4 

941 

6n*i 

57> 

508 

1,34>^ 

4S1 

278 

46^ 

812 


215 


83-2 


OCONEE   RIVER  AT  MII.LEDGEVILLE,  GA. 

This  station  was  established  August  22,  1903,  by  M.  R.  Hall, 
although  several  discharge  measurements  were  made  before  that  time. 
The  first  one  was  made  by  C.  C.  Babb  on  October  19,  1895.  The 
bench  mark  to  which  the  present  gage  is  referred  was  used  to  get  the 
water  height  at  the  time  of  each  of  these  measurements. 

The  station  is  located  at  the  iron  highway  bridge  in  the  eastern  part 
of  Milledgeville,  which  consists  of  four  spans,  100  feet,  150  feet,  150 
feet,  and  80  feet  long,  beginning  at  the  right  bank  end,  and  short 
wooden  trestles  about  25  feet  long  at  each  end. 

At  low  water  the  river  is  about  300  feet  wide,  including  two  piers, 
and  often  a  sand  bar  of  considerable  extent  in  the  third  span.  This 
])ar  sometimes  practically  stops  the  third-span  channel,  leaving  the 
river  about  200  feet  wide.     The  bed  is  sandy  and  shifting,  and  the 
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^water  is  shallow  and  swift.  These  conditions  are  unfavorable  to 
accumte  measurements  as  well  as  a  constant  rating.  The  channel  is 
only  slightly  curved.  Both  banks  are  high  and  will  not  ovei-flow. 
Measurements  are  made  from  the  downstream  side  of  the  bridge,  and 
the  initial  point  is  the  end  of  the  iron  bridge  at  the  right  bank,  down- 
stream. The  gage  is  read  once  daily  by  J.  A.  Brooks,  who  was  paid 
]  >y  the  Georgia  Geological  Survey  until  June  30,  but  has  since  that 
time  been  paid  by  the  United  States  Weather  Bureau. 

Bench  mark  No.  1  is  the  top  of  the  third  floor  beam  from  the  pier 
on  the  east  bank,  downstream  end.    It  is  39.00  feet  above  gage  datum. 

The  gage  established  during  August,  1904,  is  a  boxed  chain  gage  of 
the  24-inch  box  type,  fastened  to  a  horizontal  timber,  which  is  bolted 
at  each  end  to  the  intermediate  posts  on  the  upstream  side  of  the  third 
panel  of  the  third  span  from  right  bank.  The  bottom  of  the  gage  box 
is  43.80  feet  above  datum,  and  the  length  of  chain  is  45.80  feet.  The 
observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  M.  R.  Hall,  district  hydi'ographer. 

Discharge  measuremetits  of  Oconee  River  at  MiUedgevillej  Ga,^  m  190S  and  1904* 


Date. 


1903. 

August  22 

September  11 
September  12 
October  16... 
December  16. 
December  18. 


1904. 
February  17.. 
February  18-. 

May  25 

May  26 

June  10 

June  28 

June  28 

August  18 

September  19 
October  11... 
October  11... 
October  12... 


Hydrographer. 


M.  R.  Hall  . . 

do 

do 

F.  A.  Murray 

do 

do 


W.  E.  Hall 

do  .... 

do.... 

do  .... 

M.  R.  Hall 
W.  E.  Hall 

do  .... 

do.... 

M.  R.  Hall 
W.  E.  Hall 

do.... 

do  .... 


Width. 


Feet. 
299 
282 
270 
264 
293 
292 

302 
299 
226 
251 
292 
211 
211 
299 
262 
197 
199 
209 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Squarefeet, 

Feet  per  sec. 

Fsel. 

1,022 

2.24 

3.95 

604 

1.89 

2.39 

570 

1.83 

2.27 

607 

1.87 

2.39 

821 

2.31 

3.05 

738 

2.33 

2.74  ' 

1,237 

,       2.31 

3.99 

1,135 

2.16 

3.71 

484 

1.71 

1.47 

501 

1.71 

1.47 

660 

1.84 

2.04 

453 

1.55 

1.12 

469 

1.53 

1.14 

1,135 

1.99 

3.40 

427 

1.44 

.95 

304 

1.10 

.37 

305 

1.18 

.41 

341 

1.20 

.49 

Dischaige. 

Second-feet. 
2,301 
1,141 
1,042 
1,140 
1,908 
1,720 

2,852 

2,449 
827 
857 

1,213 
703 
723 

2,256 
628 
335 
361 
410 
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« 
Mean  daily  gage  Keighii  in  feet,  of  Oconee  River  al  MiUedgeviUe,  Ga^,  for  1904. 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Jan. 

Feb. 

Mar. 
3.90 

Apr. 

May 

June 
8.55 

July 

Aug. 

Sept. 
1.80 

Oct. 
0.60 

1 

Not. 
O.tX) 

Iv, 

2.90 

3.40 

3.20 

2.60 

2.40 

4.60 

l.ft 

2.85 

3.40 

3.90 

8.50 

2.40 

3.65 

2.35 

2.90 

1.40 

.50 

.eo 

1  ♦• 

2.80 

3.20 

3.80 

8.20 

2.35 

2.65 

2.10 

2.80 

1.40 

.50 

.70 

1  J» 

2.  HO 

3.20 

3.80 

3.10 

2.40 

2.20 

1.80 

8.60 

1.30 

.90 

1.10 

1 

ill. 

2.80 

3.10 

3.80 

2.90 

2.80 

1.80 

1.60 

2.80 

1.30 

.GO 

1.71.! 

■2.  J* 

2. 75 

3.10 

3.40 

3.00 

2.10 

1.55 

1.50 

2.40 

2.70 

.50 

1-*© 

3- "3' 

2. 75 

3.10 

4.40 

3.10 

2.10 

1.65 

1.40 

4.60 

2.50 

.50 

1.50 

It. 

2. 75 

5.20 

6.40 

3.40 

2.10 

2.26 

1.20 

all.  60 

2.20 

.50 

1..50 

lla 

2. 75 

5.20 

7.40 

3.70 

2.10 

2.75 

1.20 

7.20 

1.80 

.40 

1.40 

i* 

2.95^ 

5.40 

6.10 

4.40 

2.80 

2.20 

1.70 

9.20 

1.60 

.80 

l.:» 

■1  f-t 

2.95 

9.50 

4.70 

3.60 

3.50 

1.70 

2.20 

11.60 

1.30 

.40 

1.10 

<»    *, 

2.90 

9.00 

4.20 

3.40 

2.30 

1.60 

4.20 

7.10 

1.30 

.50 

1.30 

11' 

3.00 

6.70 

3.90 

3.00 

2.20 

2.10 

2.10 

5.20 

1.30 

.50 

1.5U 

'1.  3' 

3.10 

5.10 

3.70 

2.90 

2.10 

1.70 

1.80 

8.40 

1.10 

.50 

l.?« 

■J.*» 

3.10 

4.60 

:.9i 

2. 75 

2.10 

1.50 

1.40 

2.W 

1.20 

.30 

2.00 

u.'l 

3.00 

4.40 

4.7a 

2.70 

2.10 

1.45 

1.30 

7.30 

1.00 

.20 

1.^ 

ir  *' 

8.00 

4.00 

4.00 

2.70 

2.10 

1.45 

1.10 

5.50 

1.20 

.70 

1.60 

•J.  2-! 

4.20 

3.80 

3.50 

2.70 

2.00 

1.20 

1.20 

4.10 

.90 

.20  . 

1.40 

•2  ••' 

3.50 

3.60 

3.50 

2.75 

1.95 

1.20 

1.00 

3.30 

1.00 

.20 

i.au 

i.i' 

3.40 

3.60 

8.40 

2.70 

1.80 

1.10 

1.20 

2.70 

.90 

.30 

1.20 

itc 

3.10 

3.70 

3.80 

2.70 

1.75 

1.00 

.90 

2.10 

1.00 

.30 

1.10 

•_•  im 

3.20 

6.90 

3.30 

2.&5 

1.75 

1.40 

1.00 

1.90 

1.00 

■  40  , 

1.30 

1  X^ 

11.50 

9.40 

3.90 

2.70 

1.70 

2.65 

.60 

1.80 

.70 

.40  1 

1.40 

IV 

8.95 

8.10 

6.10 

2.75 

1.65 

2.00 

1.50 

1.60 

.80 

.40 

1.50 

ITi 

5.70 

6.30 

6.20 

2.60 

1.60 

1.65 

1.80 

2.10 

.60 

.30 

1.70 

1.7!' 

4.50 

5.10 

4.60 

2.50 

1.45 

1.40 

2.40 

1.90 

.60 

.30  ' 

1.90 

l.-^» 

3.80 

4.40 

4.10 

2.75 

1.25 

1.40 

1.80 

2.10 

.60 

.30 

i.eo 

l.-ti 

3.60 

4.10 

4.30 

2.85 

1.45 

1.10 

1.40 

2.60 

.50 

.60 

l.SO 

•x« 

3.60 

4.10 

8.80 

2.75 

1.45 

2.00 

1.40 

2.10 

.50 

.80 

i.ao 

4.«* 

3.60 

3.40 

2.60 

1.60 

1.80 

1.40 

2.00 

.40 

.70 

1.40 

;v.*i 

8.40 

8.30 

2.65 

2.40 

1.80 

.70 

3  '.»' 

a  This  height  is  doubtful. 

Note.— Owing  to  the  irregular  running  of  the  mill  above  this  station  during  the  low-water  wri**!. 
the  true  mean  gage  height  was  not  always  obtained,  although  two  readings  were  made  earn  ddy 
From  this  cause  the  gage  heights  below  0.5  foot  are  probably  too  low  and  in  eome  caM?»  ga^e  hei^ht<^ 
above  0.5  foot  may  be  artificially  high. 

Rating  table  for  Oconee  River  at  MiUedgeviUe,  Ga.yfrom  August  25^  1908^  to  Decrmbrr  ,U, 

1904^ 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-fcct. 

Gage 
height 

Discharge. 

Gage 
height. 

1 
Di)«chKri^.^ 

Feet. 

Second-fcct. 
290 

Feet. 

Feet. 

Second-feel. 

F^et. 

Secmid-f*ti. 

0.20 

1.00 

630 

1.70 

1,010 

2.80 

1,760 

.30 

330 

1.10 

680 

1.80 

1,070 

3.00 

1,920 

.40 

370 

1 

1.20 

730 

1.90 

1,130 

3.20 

2.090 

.50 

410   ; 

1.30 

785 

2.00 

1,190 

3.40 

2,265 

.60 

450     1 

1.40 

840 

2.20 

1,320 

3.60 

2,450 

.70 

495     1 

1.50 

895 

2.40 

1,460 

3.80 

2,fri0 

.80 

540    1 

1.60 

950 

2.60 

1,610 

4.00 

2,8441 

.90 

585 

1 

HALI.  AND"! 
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Tlie  foregoing  table  in  baaeil  upon  twelve  discharge  measuremente  made  during 
liHH.  It  is  well  definetl  between  gage  heights  0.2  foot  and  4  feet.  Above  4-feet  gage 
height,  daily  dischai^e  estimates  are  based  on  a  tangent,  the  difference  being  105  per 
tenth. 

EnUt  mated  monthly  dvwharge  of  Oconee  River  at  MiUedgeville,  Ga.^  for  1903  and  1904. 


Month. 


1903. 


August  25-31 
Sei)tember . . 

October 

November . . 
December  .. 


Dlacbarge  In  second-feet. 


1904. 


January . 
February 
March  . . 

April 

May  .... 
June 


July 

August 

Septeml)er , 
October  ... 
November , 
D€»cember 


The  year 


Maximum. 

Minimum. 

Mean. 

• 
2,090 

1,573 

1,823 

16,800 

1,255 

2,998 

4,625 

1,320 

1,702 

2,740 

1,573 

1,872 

2,740 

1,648 

1,911 

10,  720 

1,723 

2,643 

8,615 

2,005 

3,903 

6,410 

2,175 

3,152 

3,260 

1,535 

1,926 

2,355 

758 

1,229 

•    2,498 

630 

1,138 

3,050 

450 

1,019 

10,  820 

950 

3,138 

1,685 

370 

755 

585 

«290 

403 

1,190 

450 

840 

4,310 

786 

1,638 

10,820 

290 

1,815 

a  See  note  under  gage  heights. 


OCONEE   RIVER   AT   DUliLIN,  GA. 


Oconee  River  rises  in  the  northern  part  of  Georgia,  near  Gainesville, 
on  the  southern  slope  of  the  Chattahoochee  Ridge,  which  separates 
the  headwaters  of  this  stream  from  the  tributaries  of  Chattahoochee 
River.  It  flows  in  a  southeasterly  direction  and  joins  the  Ocmulgee 
at  the  southern  border  of  Montgomery  County  to  form  the  Altamaha. 
The  drainage  area  is  for  the  most  part  hilly  and  is  made  up  of  culti- 
vated ground  broken  by  extensive  tracts  of  forest. 

A  station  was  established  by  the  United  States  Weather  Bureau  in 
1894  at  Dublin,  Ga.,  about  60  miles  above  the  junction  of  the  Oconee 
with  the  Ocmulgee.  Records  were  kept,  with  the  exception  of  the 
summer  months  of  1896,  until  April  30,  1897,  when  the  station  was 
discontinued.  In  1898  discharge  measurements  were  commenced  by 
IRE  127—05 6 
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the  United  States  Geological  Survey,  and  on  February  11  an  obserrer 

was  employed  to  read  the  gage.     On  October  15,  1898,  the  Woither 

Bureau  again  adopted  the  station  and  has  maintained  the  gage  and 

furnished  gage  heights  to  the  Geological  Survey  continuously  since 

that  time.     The  present  observer  is  R.  F.  Mathis,  who  reads  the  gage 

once  daily. 
The  gage  is  a  heavy  timber  bolted  to  the  downstream  side  of  the 

center  pier  of  the  Wrightsvillc  and  Tennille  Railroad  bridg-e  in  th«' 
eastern  part  of  the  city  of  Dublin.     The  bridge  is  a  drawbridge,  and 
the  pier  to  which  the  gage  is  attached  is  the  circular  center  pier  of 
the  turn  span.     The  gage  is  graduated  to  feet  and  tenths,  and  tho 
markings  face  toward  the  right  bank.     A  secondary  sloping  gage  i^ 
attached  to  a  solid  rock  on  right  bank  about  25  feet  above  the  rail- 
road bridge.     This  gage  is  graduated  by  chisel  cuts  on  a  3-inch  by 
5-inch  oak  timber,  and  reads  from  —1.6  to  +1.9.     Measurements  are 
made  from  the  iron  highway  bridge,  which  is  500  feet  upsti-eam  from 
the  gage.     This  bridge  is  also  a  drawbridge,  and  consists  of  the  turn 
span  Imtween  two  other  spans  of  75  feet  each.     The  total  length  of 
bridge  proper  is  320  feet.     On  the  left^bank,  which  is  low,  there  i> 
1,100  feet  of  iron-frame  trestle  approach.     There  is  also  a  short  trestl** 
on  the  right  bank,  which  is  high.     The  ordinary  width  of  the  river  i< 
about  235  feet.     At  a  gage  height  of  about  20  feet  the  left  bank  Ijegin^ 
to  overflow,  and  it  is  practically  covered  to  end  of  the  approach  at  *J^ 
feet.     This  ground  is  thickly  covered  with  a  brushy  growth,  which 
will  no  doubt  cause  the  velocity  of  the  water  overflowing  it  to  be 
small.     The  right  bank  does  not  overflow.     The  bed  of  the  stream  i- 
of  loose  rock,  sand,  and  gravel.     The  channel  Is  straight  and  the  cur- 
rent is  swift  and  fairly  uniform,  except  where  it  is  broken  by  the  three 
bridge  piers.     The  initial  point  for  soundings  is  the  end  of  the  bridge 
at  the  right  bank,  on  the  upstream  side. 

Bench  mark  No.  1  is  the  top  of  the  upstream  end  of  the  floor  beam 
on  top  of  the  first  tul)ular  pier  and  is  41.30  feet  above  tho  zero  of  the 
gage.  Bench  mark  No.  2  is  a  point  on  the  fifth  step  from  the  bottom 
at  the  south  entrance  of  the  court-house,  6  inches  from  the  east  end 
of  the  step.  Its  elevation  is  82.51  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  3  is  the  top  of  the  granite  water  table  2i  feet  wot 
of  the  southeast  corner  of  the  court-house.  Its  elevation  is  80.S^7  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  4r  consists  of  three  largi^ 
nails  driven  into  a  cypress  tree  on  the  right  bank  about  200  feet  aliove 
the  bridge.     Its  elevation  is  3.00  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  measuremerUs  of  Oconee  River  at  Dublin^  Oa.j  in  190Sand  1904. 


Date. 


Hydrographer. 


1903. 

Aprils 

April  4 

June  6 

June  6 

June  15 j do 

July  15 do 

August  24 

October  6 

November  14.. 


J.  M.  Giles.. 

....do 

F.  A.  Murray 
....do 


1904. 
February  18... 

April  12 

July  21 

September  16. 
September  17. 
October  27... 
October  27.... 
December  3.. 


....do.... 
....do  .... 
M.  R.  Hall 


F.  A.  Murray 
W.  E.  Hall 
M.  R.  Hall 
W.  E.  Hall 

do.... 

B.  S.  Drane 

do  .... 

W.  E.  Hall 


Width. 


FeeL 


248 
040 

210 
200 
200 
249 
249 
222 


Area  of 
flection. 


Square /eeL 
5,038 
4,930 
2,923 
'2,832 
1,824 
2,235 
1,910 
806 
1,114 

1,998 
1,528 
729 
750 
732 
662 
666 
1,086 


Mean 
velocity. 


f\Eetperscc. 
4.00 
4.02 
3.35 
3.33 
2.75 
2.93 
2.34 
2.12 
2.22 

2.57 
2.30 
l.li 
1.12 
1.09 
.78 
.84 
1.81 


Gaffe 
height. 


FeeL 

15.40 

14.95 

8.81 

8.51 

4.47 

5.95 

4.61 

.12 

1.15 

4.33 
2.45 

-  .98 

-  .90 

-  .95 
-1.55 
-1.55 

.46 


DiBcharffe. 


Secondr/eeL 
20,160 
19,800 
9,804. 
9,432 
5,017 
6,679 
4,475 
1,  713 
2,472 

5,136 
3,621 
808 
840 
798 
515 
557 
1,968 
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Mean  daily  gage  height j  in/eel^  of  Oconee  River  at  DuhUny  Ga.,  for  1904- 


[5fi.tr 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


June.*'  July.  '  Aug. 


-0.1 
.2 
.6 
.2 

-  .4 

-  .6 

-  .7 

-  .7 

-  .8 

-  .8 

-  .9 

-  .7 
.2 
.3 

-  .4 

-  .6 

-  .8 

-  .9 
-1.0 
-1.0 
-1.0 
-1.0 

-  .8 
-  .8 

-  .6 
.3 

-  .2 

-  .1 

-  .4 

-  .6 

-  .6 


-0.5 

.8 

1.4 

.9 

1.5 

2.4 

1.6 

2.4 

5.0 

6.2 

6.5 

6.8 

6.9 

6.6 

3.5 

1.8 

3.8 

3.3 

3.0 

2.0 

.9 

.4 

.1 

.1 

.1 

.3 

.9 

2.5 

3.0 

1.0 

1.0 


Sept.  '   Oct.      Nov.     Ivr. 


0.6 
.1 
.3 

-  .4 

-  .o 

-  .5 
.4 

1.1 
.6 
-2 

-  .1 

.4 

•* 

-  .  / 

.7 

-  .  / 
.8 
.9 
.9 
.9 

1.0 
1.0  I 
1.0 
1.0 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
-1.2 


—1.3 
-1.4 
-1.3 
-1.3 
-1.3 

-1-3 
-1.3 
-1.4 
-  1.3 
-1.3 
-1.4 
—1.3 
-1.4 
-1.4 
-1. 
-1. 
-1. 
-l.n 
-1.4 
-1.5 
1.5 
-1.5 
-1,5 
-1.5 
-1.5 
-1.5 
-1.4 
-1.4 
-1.4 
-1.3 

-l.l 


4 
4 
4 


1.1 
1-2 
1.1 
1.0 

.-■» 
.3 
.3 
.4 

.   i 

.  7 

.  5 

.5 

.3 

.1 
n 

.1 

.1 

.4 

.4 

.5 

.5 

.4 

-S 

.1 

-1 

.1 


1 " 
I.: 

l-« 


Rating  table  for  Oconee  River  at  BuhliUy  Ga.,from  January  1  to  Deccmfjer  SI,  1904- 


Gage 
■lieight. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

1     Gage 
,    height. 

Discharge. 

1 

!     Gage 
height. 

FrrL 

1 
l)iiic*harv> . 

Feet. 

Second-feet. 

Second-fed. 

Feet. 

1 
Sccmid-feet.  ' 

Sccfmdf^i 

-1.50 

560 

0.30 

1,305 

\     1.60 

2,800 

5.00 

1        5,  7W 

-1.40 

600     ' 

-  .20 

1,381 

1.80 

2,964 

5.50 

1 

6,3C« 

-1.30 

645 

-  .10 

1,457 

2.00 

.3, 130 

6.00 

6,83() 

-1.20 

695 

.00 

1,534 

2.20 

3,296 

6.50 

'     7,  a^> 

1.10 

750 

.20 

1,688 

2.40 

3,462 

7.00 

7,«30 

-1.00 

810 

.40 

1,842 

2.60 

1 

3,630 

7.50 

8,50?> 

.90 

874     1 

.60 

1,998 

2.80 

3,799 

8: 00 

,       9,090 

.80 

941    ; 

.80 

2,154 

3.00 

3,969 

1     8.50 

9,®^ 

-  .70 

1,010 

1.00 

2,312 

'    3.50 

4,402 

l\0O 

10,3»» 

-  .60 

1,081 

1.20 

2, 473 

4.00 

4,850 

9.50 

10,ft8<» 

-  .50 

1,154     1 

1.40 

2,636 

4.50 

6,310 

10.00 

11,630 

-  .40 

1,229 

1 

1 

t 
1 

1 

1 

1 

kall.  and"1 
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The  fort'going  table  is  based-  upon  eight  discharge  measuremeute  made  during 
1 904.  It  is  fairly  well  defined  between  gage  heights  —1.50  feet  and  4.30  feet.  Above 
-4.30  the  curve  is  rather  uncertain.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  discharge  of  Oconee  River  at  Dublin j  Ga.,  for  1904. 

[Drainage  area,  4,182  square  miles.] 


Month. 


January  . 
Februarv 
March,.. 


Disebarge  In  aecond-feet. 


Maximum. 


Minimum. 


April 

May 

June 

July 

August 

September 
October  ... 
November . 
December  , 


8,850 
11,500 
7,710 
3,969 
2, 312 
3,130 
1,998 
7,820 
2,392 
750 
1,611 
3,969 


The  vear 


11,500 


2,636 

3, 130 

3,130 

2,312 

1,154 

874 

810 

1,154 

695 

560 

695 

1,154 

560 


Mean. 


3,897 
6,599 
4,717 
2,766 
1,899 
1,449 
1,169 
3,617 
1,131 
609 
1,205 
2,329 


Run-off. 


Second-feet 

per  square 

mile. 


0.  932 
1.58 
1.13 
.661 
.454 
.346 
.280 
.865 
.270 
.146 
.288 
.557 


Depth  in 
inches. 


2,616 


.626 


1.07 
1.70 
1.30 
.738 
.523 
.386 
.323 
.997 
.301 
.168 
.321 
.642 


8.47 


OIIOOPEE    RITEK   NEAR   REIDSVILLE,  GA. 

This  station  was  established  June  13,  1903,  by  F.  A.  Murray.  It  is 
located  at  the  wooden  highway  bridge,  commonly  known  as  Shep- 
pards  Bridge,  4i  miles  west  of  Reidsville.  The  gage  is  on  the  down- 
stream side  of  the  middle  post  which  supports  the  bridge  protector. 
The  section  from  zero  to  10  feet  is  two  6-foot  sections  of  notched  and 
painted  gage  fastened  with  lag  screws  to  the  post.  From  10  to  13 
feet  the  post  is  graduated  to  feet  and  half  feet  with  white  paint,  and 
from  13  to  20  feet  it  is  graduated  to  feet  with  nails  and  numbered 
with  brass  figures.  On  November  19, 1903,  a  new  1  by  4r  inch  section 
5  feet  long,  reading  from  3  to  8  feet,  was  spiked  to  a  pine  plank  which 
is  securely  nailed  to  a  cypress  tree  on  the  left  bank  of  the  river  about 
120  feet  above  the  bridge.  The  observer  is  J.  D.  Swain,  who  is  paid 
by  the  Georgia  Geological  Survey.  Bench  mark  No.  1  is  the  top  of 
the  cap  of  the  fifth  bent  from  the  left  end  of  the  bridge  on  the  up- 
stream side,  opposite  a  point  106  feet  from  the  initial  point  for 
soundings.  It  is  at  an  elevation  of  20.00  feet  above  the  zero  of  the 
gage.  Bench  mark  No.  2  consists  of  two  nails  driven  horizontally  in 
the  downstream  side  of  a  cypress  tree  on  the  left  bank  about  120  feet 
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above  the  bridge.     This  bench  mark  is  8.00  feet  above  the  zero  of 
the  gage. 

Tlie  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discfiarge  mecuurements  of  Ohoopee  Rit'er  near  Reidsvillej  (ia.,  in  190S  and  1904. 


Date. 


Hydrofirrapher. 


1903. 

June  13 

June  24 

July  16 

July  16 

August  22 

October  8 

Octobers 

November  19. .  J do 

December  30 do 


F.  A.  Murray 
....do 


do 
do 
do 
do- 
do 


1904. 
February  19  . 


F.  A.  Murray 


April  13 !  W.  E.  Hall... 

July  23 1  M.  R.  Hall.... 

September  13  ..|  W.  E.  Hall ... 

September  13  . . ' do 

September  14  . . , do 

September  15  . . ' do 

Septeml)er  15  .., do 

October  3la i  B.  S.  Drane... 

December  1 W.  E.  Hall . . . 


Width. 


Feet. 


136 
115 
112 
113 
113 
113 
113 
113 


108 


Area  of 
section. 


Sqiiare/cet. 

2,001 

1, 187 

1,650 

1,774 

2,183 

667 

635 

889 

1,123 

1,667 
775 
490 
713 
708 
641 
578 
569 
42 
423 


Mean 
velocity. 


F^t  per  aec. 
2.88 
1.40 
2.20 
2.10 
2.95 
.71 
.72 
1.27 
1.63 

2.16 

1.34 

.76 

1.15 

1.21 

.98 

.81 

.80 

1.25 

.45 


Gage 
hel^t. 


inBCt. 

12.47 

6.41 

10. 34 

10.46 

14.00 

2.84 

2.85 

4.96 

6.69 

10.19 
4.53 
2.28 
4.20 
4.20  ' 
3.63 
3.00  ' 
3.00  ' 
.32  ■ 

\.m  ' 


IJisrhan^. 


5,  7bl» 
l.t^J 
3,#i67 
3, 75*> 
6,441 
476 
48L* 
1,131 
l,8:>i 


3,611 

i,a>5 
:{6i» 

62S 
470 
454 


^ 


IW) 


a  Wading  1,000  feet  above  the  bridge.    Three  narrow  channels. 
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}fean  daily  gage  height,  in  feet,  of  Ohoopee  River  near  ReidsvUlCt  Oa.,  for  1904- 
Day.  Jan.  I   Feb.     Mar. 


1 

6. 4 

2 

f).  6 

3 

4 

6. 1 

5 

G.  0 

0 

6. 4 

7 

4.8 

8 

4.fi 

9 

4. 8 

10 

11 

12. 
13. 
14. 

ir». 

16. 
17. 
IS. 
19. 
20. 
21. 
•22. 
23. 
24. 


ft, 

a, 

8. 
12, 
12 


7 
4 

o' 

6 

3  I 

0 

8 

0 

1 

0 

I 

2 
1 
0 


2;>. 


2C. 
•27. 
2M. 
•29. 
30. 
31. 


2 

2 

2 

2. 

2. 

2. 

3. 
4. 
4. 
5. 
fi. 

7, 

** 
t. 

7. 

6. 


6 
4 
4 

3 
3 
9 
I 
0 
8 

m 
4 

4 

2 

8 
1 

8 


11. 
11. 
11. 
10. 
10. 

9. 

9. 

9. 
10. 
10. 
10. 

9. 

9. 


8.2 
7.8 
7.8 
7.0 
7.1 
7.1 
7.1 
7.4 
7.8 
8.0 
8.0 
7.8 
7.6 
7.  .5 
7.1 
6.9 
6.6 
6.2 
5.9 
5.7 
5.3 
5.1 
4.9 
4.6 
4.7 
4.8 


Apr.  I  May 


8.5 


4.6 

4.8 

4.9 

6.0 

4.6 

4.4 
4.8 
4.1 
S.8 
3.5 
3.3 
3.0 
2.9 
2.8 
3.8 
4.6 
4.8 
4.7 
4.4 
3.4 
3.1 
2.8 
2.3 
2.1 
2.0 
1.9 
1.8 
1.8 
1.7 
1.6 
1.5 
1.4 
1.4 
1.5 
1.5 


1.4 

1.4 

1.3 

1,3 

1.3 

1.1 

l.l 

1.0 

1.0 

1.0 

.9 

.9 

.8 

.8 

.7 

.7 

.7 

.7 

.6 

.6 

.6 

.6 

.5 

.5 


.5 


.5 
.5 
.5 
.9 
1.1 
.8 


June.  I  July. 


0.9 
1.6 
1.8 
1.5 
1.2 
1.1 
1.0 
.9 


.7 

•  i 

.6 

.6 

.6 

.5 

.6 

.5 

.5  1 

.4 

.4 

.5 

.4 

.9 

.8 

.6  I 

.6 

mm         * 

.5! 

.5  I 

I 

.5 
.5 


0.5 

.5 

.5 

.6 
1.0 
1.2 
1.1 
1.0 

.8 
1.1 
1.4 
1.0 
1.0 

.8 

.6 

.8 

.6 

.5 

.5 

.4  ' 

.4 

.6 
2.3 
1.9 
1.7 
1.5 
1.5 
1.4 
1.6 
1.5 
1.3 


Aug.     Sept. 


(Kt.   I  Sow     Dec. 


1.1 
1.0 
2.2 
4.6 
6.2 
8.4 
9.0 
9.8 
9.0 
8.4 
8.6 
9.0 
9.4 
8.9 
8.6 
8.3 
7.6 
6.3 
6.4 
5.4 
4.8 
4.5 
3.9 
3.7 
3.9 
3.9 
3.9 
5.4 
6.3 
9.2 
9.2 


8.3 
6.4 
6.5 
6.0 
5.2 
4.3 
4.8 
5. 6 
5.6 
5. 5 
5.1 
5.0 
4.1 
3.6 
3.1 
2.6 
2.3 
2.1 
1.9 
1.6 
1.6 
1.5 
2.1 
2.2 
1.9 
1.7 
1.5 
1.3 
1.2 
1.2 


1.1 

1.0 

1.0 

.9 

.8 

.8 

.6 
.7 
.7 
.  7 
.7 
.6 
.6 
.  I 
.6 
.6 
.5 
.5 
.4 
.4 
.4 
.4 
.4 
.3 
.3 
.4 
.4 
.3 
.3 
.3 


0.3 

.3 

.7 

1.0 

1.5 

1.5 

1.5 

1.3 

1.0 

.9 

.8 

.  7 

i.o 

1.5 
1.9 
•2.0 
1.8 
1.5 
1.3 
1.2 
1.1 
1.0 
1.1 
1.6 
1.2 
2.7 
•2.4 
2.2 
1.8 
1.6 


1.6 
1.4 
1.6 
1.8 
•2.1 
2.8 
3.1 
3.1 
3.0 
2.8 
•2.7 
2.5 
2.5 
2.4 
2.3 
'2.2 
2.2 
2.2 
2.1 
2.1 
2.0 
2.0 
1.9 
1.9 
1.9 
1.8 
1.9 
2.0 
2.4 
•2.7 
2.7 


Rating  table fm-  Ohoajtec  River  near  Reidsville,  Ga.^frnm  January  1  to  December  SI,  1904. 


hJ>X.      """■*"'^"-  '    h^SK'..      DlHCharKo.   '    ^^^,^  '  VWl..r^..      ^^iX- 


Feet. 

0.30 

.40 

.50 

.60 

.70 

.80 

.90 

1.00 

1.10 

1.20 

1.30 

1.40 

1 .  50 


Secimtl-frt  t. 

50 

57 

65 

74 

83 

93 

104 

115 

127 

140 

153 

167 

182 


Fed. 

1.60 
1.70 
1.80 
1.90 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 


Second-feet. 
197 
213 
230 
247 
265 
302 
341 
382 
425 
470 
519 
572 
629 


Fed. 

3.80 

4.00 

4.20 

4.40 

4.60 

4.80 

5.00 

5.20 

5.40 

5.60 

5.80 

6.00 

6.50 


Second-feet. 

690 

755 

824 

895 

968 

1,043 

1,120 

1,198 

1,277 

1,357 

1,438 

1,520 

1,728 


Feet. 

7.00 

7.50 

8.00 

8.50 

9.00 

9.50 

10.00 

10.50 

11.00 

11.50 

12.00 

12.50 

13.00 


Dischanart*. 

Second-ftet. 
1,950 
2, 184 
2, 430 
2, 685 
2, 950 

3,  222 
3,500 
3,800 
4,120 
4,460 

4,  820 
5,198 
5. 590 
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The  foregoing  table  is  based  upon  nineteen  dischai^ge  measurements  made  daring 
1903  and  1904.  It  is  well  defined  between  gage  heights  0.0  foot  and  11 .0  feet.  Abi:»\^ 
gage  height  11. 0  the  table  is  determined  by  one  measurement  at  14.0  feeL 

Estimated  monthly  discharge  of  Ohoopee  River  near  Reidsville^  Ga. ,  for  1904- 


Month. 


January . . 
February . 

March 

April 

May 

June 

July 

August . . . 
Septemlier 
October  .. 
November 
December 


Disohaifre  in  second-fe^t. 


Maximum.  I  Minimum. 


I 


2,330 

4,894 

2, 531 

1,043 

167 

230 

321 

3,388 

2, 582 

127 

403 

494 


321 

1,043 

968 

1C>7 

65 

57 

57 

115 

140 

51) 

50 

167 


The  year 


4,894 


50 


M»D. 

l,twj 

2,  s77 
1 ,  7a5 

4^5 

101 

91.  s 
125 
1,811 
747 

74.  M 
170 

7ys 


MISCELLANEOUS  MEASUREMENTS  IN  ALTAMAIIA  KIVER  DRAIN ACiE  BASIN. 

The  following  is  a  list  of  miscellaneous  discharge  moasuremenls 
made  in  Altamaha  River  drainage  basin  during  1904: 

Yellow  River  7ienr  Jackson,  Ga. — A  measurement  was  made  Octo- 
ber 7  at  the  wagon  bridge,  11  miles  from  Jackson,  on  the  road  to  Cov- 
ington, Ga.  The  bench  mark  is  the  downstream  edge  of  the  bridgt* 
floor,  40  feet  from  the  initial  point  for  soundings,  and  is  H.iii)  fet^t 
above  the  datum  of  the  gage. 

Width,  113  feet;  area,  229  square  feet;  mean  velocity ,  0.30  foot  per  9e<x)n<l;  pajje 
height,  1.80  feet;  discharge,  69  second-feet. 

Smith  Riveft'  near  Jackmn^  Ga, — A  measurement  was  made  Octol>er 
7  at  the  wagon  bridge,  10  miles  from  Jackson,  on  the  road  to  Coving- 
ton, Ga.  The  bench  mark  is  the  upstream  end  of  floorbeam.  66  feet 
from  the  initial  point  for  soundings,  20.00  feet  above  the  datum  of 
the  gage. 

Width,  121  feet;  area,  152  square  feet;  mean  vehxuty,  0.90  foot  per  second;  goiie 
height,  1.10  feet;  discharge,  137  second-feet. 

l\)le  Bridge  Creek  near  Litlumia^  Ga. — This  stream  is  a  tributarv 
of  South  River  from  the  left  near  Lithonia,  Ga.  A  measurement  was 
made  July  16  near  the  mouth  of  the  creek,  on  the  road  between  NewV 
Bridge  and  Parker  Bridge. 

Width,  15  feet;  area,  7  square  feet;  mean  velocity,  1.43  feet  per  second;  disc-harp:-, 
10  second -feet. 
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A  measurement  at  the  same  section  September  23  gave  the  follow- 
ing results: 

Width,  17  feet;  area,  7  square  feet;  mean  velocity,  1.00  foot  per  second;  discharge, 
V  second-feet. 

Al€(/vy  Rhf*r  iiear  Newton  Factory^  Ga, — A  measurement  was  made 
October  7  from  the  wagon  bridge  at  Henderson's  mill,  4  miles  from 
Newton  Factory,  on  the  road  to  Covington,  Ga.  The  bench  mark  is 
tlie  upstream  edge  of  the  bridge  floor,  90  feet  from  the  initial  point 
for  soundings,  11.00  feet  above  the  datum  of  the  gage. 

Width,  40  feet;  area,  43  square  feet;  mean  velocity,  1.46  feet  per  second;  gage 
Iieight,  1.25  feet;  discharge,  62  second-feet. 

Home  Creek  near  Lxirnbei'  Clty^  Oa. — This  stream  is  a  tributary  of 
Ocmulgee  River  from  the  left.  A  measurement  was  made  September 
S,  li  miles  above  the  mouth  of  the  creek,  10  miles  north  of  Lumber 
Citv.  The  bench  mark  is  a  nail  driven  into  the  end  of  the  second 
floorbeam  above  the  second  bent  from  the  left  bank,  15.00  feet  above 
the  zero  of  the  gage. 

Width,  55  feet;  area,  115  square  feet;  mean  velocity,  1.03  feet  per  second;  gage 
height,  3.17  feet;  discharge,  118  second -feet. 

Little  Oeniulgee  River  at  Wilcox^  Ga. — A  measurement  was  made 
September  7  at  the  wagon  bridge  at  Wilcox,  2i  miles  upstream  from 
Lumber  Cit}^,  Ga.  The  bench  mark  is  the  center  of  lag  bolt  driven 
into  the  end  of  the  second  floorbeam  from  the  right  bank  on  the  down- 
stream side,  15.00  feet  above  the  zero  of  the  gage. 

Width,  100  feet;  area,  488  square  feet;  mean  velocity,  1.92  feet  per  second;  gage 
height,  3.15  feet;  discharge,  937  second-feet. 

Sugar  Creek  at  Wil<;o,r^  Ga, — A  measurement  was  made  September 
7,  from  the  Southern  Railway  bridge,  one-fourth  mile  north  of  Wil- 
cox. The  bench  mark  is  the  top  of  the  steel  girder,  upstream  side, 
150  feet  from  the  right  end  of  the  trestle,  25.00  feet  above  the  datum 
of  the  gage. 

Width,  41  feet;  area,  117  square  feet;  mean  velocity,  1.06  feet  per  second;  gage 
height,  7.50  feet;  distihai^je,  124  second-feet. 

Oconee  River  near  MilledgevUU^  Ga, — Measurements  were  made  at 
Fraley's  ferry,  6  miles  upstream  from  Milledgeville.  The  bench  mark 
is  a  nail  in  an  ash  tree  on  the  right  bank,  100  feet  above  the  ferry, 
10.00  feet  above  the  datum  of  the  gage. 

June  29;  width,  270  feet;  area,  1,310  square  feet;  mean  velocity,  0.79  foot  per  sec- 
ond; gage  height,  4.90  feet;  discharge,  1,030  second-feet. 

September  20;  width,  207  feet;  area,  1,108  square  feet;  mean  velocity,  0.50  foot  per 
se(X)nd;  gage  height,  4. 135  feet;  discharge,  547  second-feet. 

Beaverdam  Creek  near  Greensboro,,  Ga, — This  stream  enters  Oconee 
River  from  the  left.  A  measurement  was  made  March  19,  at  Veazey 
Ford,  6  miles  south  of  Greensboro,  on  the  road  to  Sparta,  Ga.     The 
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bench  mark  is  a  nail  in  a  small  ash  tree  on  the  left  bank,  20  feet  belov 
the  foot  plank,  8.00  feet  above  the  datum  of  the  gage. 

Width,  15  feet;  area,  10  square  feet;  mean  velocity,  1.70  feet  per  seci>iid;  jsits- 
height,  1.50  feet;  discharge,  17  feet. 

Little  River  near  MiUedgeville^  Ga. — A  measurement  was  made  from 
the  wagon  bridge,  9  miles  north  of  Milledgeville,  1  mile  above  the 
mouth  of  the  river.  The  bench  mark  is  the  top  of  the  downstream  end 
of  the  cap  of  left  bent  of  the  second  pier  from  the  left  bank,  marked  hy 
a  copper  brad.     Its  elevation  is  15.00  feet  above  the  datum  of  the  ga^. 

Width,  89  feet;  area,  65  square  feet;  mean  velocity,  1.09  feet  per  second;  ga^jt 
height,  3.17  feet;  dist^harge,  71  second-feet. 

MINOR  SOUTHERN  ATI^ANTIC  DRAINAGE  BASINS. 

MISCELLANEOUS  MEASUREMENTS. 

The  following  miscellaneous  discharge  measurements  were  made  in 
the  Satilla  River  drainage  basin  during  1904: 

Satilla  River  near  Wwycross^  Ga, — A  measurement  was  made  Sep- 
tember 9,  at  the  covered  wagon  bridge,  3  miles  east  of  Wa3^cros8.  The 
beixch  mark  is  the  center  of  lag  bolt  driven  into  the  left  side  of  tli*' 
first  floorbeam  from  the  first  pier  from  the  left  bank,  20.00  feet  abo\** 
the  datum  of  the  gage. 

Width,  108  feet;  area,  1,077  square  feet;  mean  velcK-ity,  1.07  feet  per  seoind:  jsape 
height,  8.2  feet;  discharge,  1,150  second-feet. 

Ilurri^xine  CreeJc  near  BUicJc^hear^  Ga, — This  stream  is  an  im)>ortant 
tributary  of  Satilla  River,  entering  from  the  north.  A  measurement 
was  made  September  10,  at  Bax ley's  bridge,  near  Blackshear.  The 
bench  mark  is  a  large  nail  driven  into  the  downstream  end  *of  the 
floorbeam  over  the  second  pier  from  the  right  bank,  15.00  feet  alcove 
the  datum  of  the  gage.  * 

Width,  67  feet;  area,  415  square  feet;  mean  velocity,  1.35  feet  per  second;  gaire 
height,  6.57  feet;  discharge,  562  second-feet. 

APAL.ACHICOL.A  RIVER  DRAINAGE  BASIN. 

Apalachicola  River  is  formed  by  the  union  of  Flint  and  Chatta- 
hoochee rivers  at  the  Georgia-Florida  line.  It  flows  in  a  southerly 
direction  through  Florida  to  the  Gulf  of  Mexico.  It  is  navigable,  ami 
boats  run  up  Flint  River  to  Albany,  Ga.,  and  up  Chattahoochee  River 
to  Columbus,  Ga. 

Flint  River  rises  in  Fulton  County,  Ga.,  a  few  miles  south  of 
Atlanta.  It  flows  in  a  southerl}^  direction  to  TaUwt  County,  south- 
easterly to  Macon  County,  southerly  to  Woilh  County,  and  south- 
westerly to  Apalachicola  River.  It  drains  the  south-centi-al  portion 
of  Georgia,  extending  from  Atlanta  south  to  the  Florida  line.     The 
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tributaries  to  Flint  River  are  mainly  large  creeks  with  much  fall. 
The  principal  ones  among  these  are  Whitewater,  Whiteoak,  Redoak, 
Elkins,  Big  Potato,  Muckalee,  Kinchafoonee,  Ichawaynochaway,  and 
Spring  creeks. 

Flint  River  has  many  good  water  powers  on  its  course.  Between  a 
point  opposite  Woodbury,  Ga.,  and  a  point  opposite  Knoxville,  Ga., 
i  n  Crawford  County,  a  distance  of  about  45  miles,  the  river  falls  334 
feet.     Very  little  of  its  power  is  yet  developed. 

Chattahoochee  River  rises  in  the  Blue  Ridge,  in  White  County,  and 
flows  in  a  southwesterly  direction  until  it  reaches  the  Alabama  line  at 
the  southwest  corner  of  Troup  Count}'^,  Ga.  From  there  it  flows  in  a 
southerly  direction,  forming  the  western  boundary  of  Georgia,  until 
it  flows  into  Apalachicola  River  at  the  southern  boundary  of  the 
State.  It  drains  almost  all  of  the  north-central,  middle-west,  and 
.southwest  portions  of  Georgia,  and  has  a  dniinage  area  of  4,900  square 
miles  at  Columbus,  Ga.,  which  is  at  the  fall  line. 

Soque  River  joins  the  Chattahoochee  on  the  western  edge  of  Haber- 
sham County.  This  river  rises  in  Habersham  County  and  flows  in  a 
southwesterly  direction.  It  has  considerable  fall,  dropping  as  much 
as  40  feet  within  a  few  hundred  feet. 

Farther  down  the  Chattahoochee,  at  the  west  boundary  of  Hall 
County,  Chestatee  River  enters.  It  rises  in  Lumpkin  County  and 
flows  in  a  southerly  direction  through  a  very  hilly  and  steep  country 
and  has  much  fall  all  along  its  course. 

From  its  source  down  to  Columbus,  Ga.,  Chattahoochee  River  is  an 
excellent  water-power  stream.  From  the  lower  edge  of  Lumpkin^ 
County  down  to  Columbus,  Ga.,  there  is  a  fall  of  over  850  feet,  366 
feet  of  this  fall  being  between  Westpoint  and  Columbus.  All  along 
its  course  there  are  many  small  tributaries  flowing  from  a  high,  hilly 
countr3\  These  have  much  fall,  and  many  small  water  powers  are 
available. 

The  following  pages  give  the  results  of  the  data  collected  at  this 
station  during  1904: 

CHATTAHOOCHEE   RIVER  NEAR  CORNELIA,    GA. 

This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  Duncan  Bridge,  about  7  miles  northwest  of  Cornelia,  Ga.,  and  1  mile 
below  the  mouth  of  Soque  River.  Discharge  measurements  are  made 
from  the  downstream  side  of  the  inclosed  wooden  highway  bridge,  the 
meter  being  lowered  through  holes  cut  in  the  floor  or  by  raising  floor 
plank.  The  initial  point  for  soundings  is  the  end  of  the  bridge  at  the 
left  bank,  downstream  side.  The  channel  is  curved  for  about  500  feet 
above  and  straight  for  about  800  feet  below  the  station.  The  current 
is  moderate.  The  right  bank  is  clean,  and  ov^erflows  for  about  200  feet. 
The  left  bank  is  high,  rocky,  wooded,  and  does  not  overflow.     The 
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bed  of  the  stream  is  composed  of  rock  at  the  left  and  silt  at  the  right 
bank,  free  from  vegetation,  and  shifting.  There  is  but  one  chanDel 
at  all  stages,  broken  by  the  piers  of  the  bridge.  A  fish-trap  dara  about 
800  feet  below  the  bridge  will  probably  affect  the  rating  at  thi<  >ta- 
tion.  The  bench  mark  is  the  top  of  downstream  stringer  at  a  point  .V.* 
feet  from  the  left  end  of  the  bridge.  Its  elevation  is  21.00  feet  above 
datum. 

Discharge  measurements  of  Chattahoochee  River  near  Cornelia^  GVi.,  in  1904- 


Date. 


June  8 

September  30 
October  29... 


Hydrographer. 


J.  M.  Giles 

A.T.Mitchelson 
M.  R.  Hall  .... 


Width. 


Feel. 
124 
115 
103 


Area  of 
section. 


Square  feet. 
363 
364 
319 


Mean 
velocity. 

Gaire 
height. 

f^et  per  see. 

FbeL 

1.34 

1.40 

.70 

.a5 

.67 

.91 

Dischai^. 
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CHATTAHOOCHEE   RIVER   NEAR  NORCROSS,  GA. 

This  station  was  established  June  10,  1902,  bv  M.  R.  Hall.  It  i> 
located  at  Medlock's  toll  bridge,  about  4ri  miles  north  of  Norcross,  Ga, 
This  point  is  above  the  mouth  of  Johns  Creek  and  below  the  mouth 
of  Sewannee  Creek.  A  vertical  section  of  gage,  reading  from  zero  to 
8  feet,  is  attached  to  an  oak  tree  on  the  right  bank  of  the  river.  1»n> 
feet  above  the  bridge.  A  chain  gage  was  established  March  14,  IW^^. 
The  center  of  the  pulley  is  28.32  feet  above  the  zero  of  the  gage,  and 
the  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  i^ 
28.75  feet.  The  gage  is  read  twice  each  day  by  W.  O.  Medlock.  tht* 
bridge  owner.  He  is  paid  by  the  Georgia  Geological  Survey.  L)i>- 
charge  measurements  are  made  from  the  downstream  side  of  the  single- 
span  bridge  and  its  approaches.  The  initial  point  for  soundings  is  ^hi 
feet  to  right  of  the  center  of  the  downstream  tubular  pier  on  the  right 
bank.  The  channel  is  slightly  curved  for  600  feet  above  and  700  fet^ 
below  this  station.  The  current  is  sluggish  at  low  stages,  but  not 
excessively  so,  and  the  discharge  measurement*?  are  considered  good 
at  lowest  stage.  The  right  bank  is  high  and  will  overflow  only  for  r><* 
feet  from  the  water's  edge;  the  left  bank  will  overflow  for  about  N»«' 
feet  at  a  gage  height  of  from  16  to  18  feet.  The  bed  of  the  stream  i^^ 
sandy  and  probably  changes. 

Bench  mark  No.  1  is  the  top  of  the  iron  pier  on  the  right  bank,  down- 
stream side.  Its  elevation  is  27.00  feet  above  gage  datum.  Bench 
mark  No.  2  is  a  copper  plug  set  in  a  stone  post  set  flush  with  the  sur- 
face of  the  ground  at  the  side  of  the  road  just  outside  of  the  toll  bridge, 
on  the  right  bank.  The  post  is  on  line  with  the  downstream  side  of 
the  bridge  and  is  145  feet  from  the  center  of  the  pier  at  the  right-hank 
end  of  the  bridge.     Its  elevation  is  26.92  feet  above  gage  datum. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

ZHscharge  measuremerUs  of  Chattahoochee  River  near  Xorcross,  Ga.,  in  1903  and  1904. 


Date. 


Hydrographer. 


M.  R.  Hall 
....do... 


1903. 
January  9 

March  14 

I 

Wav  5 ' do  ... 

May  29 J.M.Giles 

«June26 do  ... 

July  17 M.R.Hall 

July  17 do 


August  19 do 

August  19 do 

August  19 F.  A.  Murray . 

August  19 do 

September  26 do 

October  23 .| do 

November  25«. . ' do 


November  25. 

1904. 
January  19. . . 
January  19. . . 
February  20. . 

April  7 

June  7 

June  20 

August  9 

August  9 

August  10 

September  28 
September  28 
October  11 . . . 
October  14... 


do 


December  9. 


W.E.Hall 

C.  A.  Greene .. 

M.  R.  Hall  and 
J.  C.  Hoyt. 

W.E.  Hall 

J.  M.  Giles 

M.R.Hall 

W.E.  Han 

do 

do 

M.KHall 

do 

B.  S.  Drane 

M.  R.  Hall  and 
N.  C.  Grover. 

M.R.Hall 


Width. 


Feet 


174 
174 
169 

173 
160 
155 
190 
180 
177 
156 
156 
166 
158 

163 


Area  of 
section. 


Square  feet. 
1,376 


1 
1 
1 
2 
1 
1 


035 
854 
583 
570 
537 
537 
503 
486 
503 
486 
245 
265 
493 
221 

308 

308 
467 

314 
234 
049 
354 
972 
410 
917 
919 
943 
925 


1,002 


Mean 
velocity. 

Gage 
height. 

Feet  per  sec. 

Feet. 

1.34 

2.70 

2.43 

5.35 

1.91 

4.08 

1.50 

3.15 

1.56 

3.13 

1.46 

3:06 

1.46 

3.06 

1.55 

3.15 

1.54 

3.05 

1.52 

3.15 

1.48 

3.05 

.96 

2.06 

.85 

1.94 

2.15 

1.95 

.87 

1.95 

1.08 

2.19 

1.''04 

2.19 

1.78 

• 

3.  45 

1.-14 

2.50 

1.27 

2.54 

.63 

1.53 

4.22 

8.62 

3.36 

6.57 

1.88 

3.60 

.59 

1.22 

.59 

1.22 

.60 

1.32 

.60 

1.28 

.95 

1.88 

Discharge. 

Second-feet. 
1.837 


4 
3 

9 

2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 

1 
1 


1 
1 

9 
6 


940 
543 
378 
447 
254 
255 
337 
288 
281 
203 
197 
078 
062 
071 

419 
362 
607 

496 
571 
662 
938 
624 
658 
537 
538 
569 
558 

951 


a  Measurement  taken  at  Warsaw  Ferry,  i  mile  above  bridge. 
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Mean  daily  gage  height^  infeet^  of  ChaUahoochee  River  near  Norcrotat,  Ga.,  far  19^4. 


Day. 


Jan. 


2. 


o 


4 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Feb.  I  Mar. 


90 
90 
00 
90 
90 
80 
80 
00 
90 
90 
90 
00 
00 
10 
10 
00 
20 
oO 
20 
10 
00 
80 
10 
30 
60 
40 
30 
20 
20 
20 
20 


2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.30 
3.00 
2.90 
2.70 
2.70 
2.70 
2.50 
2.30 
2.30 
2.30 
2.20 
2.10 
2.30 
3.50 
3.60 
4.90 
5.30 
4.00 
3.30 
2.90 
2.80 
2.60 
2.60 


2.50 

2.60 

2.60 

2.40 

2.30 

2.80 

4.70 

6.00 

3.90 

3.30 

3.00 

2.85 

2.70 

3.20 

3.10 

2.75 

2.60 

2.55 

2.50 

2.45 

2.60 

3.00 

3.40 

3.60 

3.50 

3.20  i 

3.00 

2.90 

2.75 

2.65 

2.60 


2.40 


2.85 

2.40 

2.85 

2.30 

2.50 

2.20 

3.20 

8.60 

3.40 

4.06 

8.70 
3.00 
2.80 
2.70 
2.60 
2.50 
2.50 
2.55 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.35 
2.:«) 
2.30 
2.45 
2.50 
2.35 
2.30 


2.80 

Z25 

2.20 

2.50  I 

2.40 

2.30 

2.20 

8.60 

4.06 

8.60 

2.80 

2.65 

2.40 

2.35 

2.35 

2.25 

2.20 

2.20 

2. 15 

2.15 

2.10 

2.10 

2.05 

2.00 

2.00 

2.00 

1.96 

1.90 

1.90 

2.00 

2.50 


2.35 

2.25 

2.20 

2.20 

2. 15 

2.15 

2.10 

2.10 

2.40 
2.30 
2.80 
2.10 
1.95 
1.90 
2.65 
2.80 
2.05 
1.90 
1.80 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.65 
1.20 
1.60 
1.50 
1.45 
1.35 
1.25 
1.20 
1.20 
1.40 
1.95 
2.30 
2.40  I 


Aug.     Sept. 


Oct.      Nov.     rwv 


1.70 
1.55 
1.50 
1.45 
1.70 
1.55 
1.50 
1.50 
1.30 
1.80 
1.55 
1.75 
1.85 
1.90  ' 
1.60  I 
1.60  . 
1.85  ' 
1.50  I 
1.65  ' 
1.40  ' 
1.70  j 
\.^  \ 
2.a'>  ' 
1.70  , 
1.60  I 

t 

1.80  I 
1.80 
1.60  ' 
1.70  ' 
2. 10 
1.90 


2.65 

2.70 

2.35 

2.20  I 

3.10 

2.55  ' 

2. 15  j 

7.70 

8.20 

3.70 

4.50  I 

3.95 

2.a5 

2.55  I 

2.40 

2.50  , 

2. 15 

2.00 

1.90 

2.00 

2.20 

1.85 

1.70 

1.80  I 

2.05  ' 

2.00  I 

2,40  , 

2.80  ' 

2.45 

2.05 

1.90  , 


1.80 

1.75 

1.70 

1.90  i 

2.40  ' 

2.10 

2.05 

1.80 

1.70 

1.80 

1.65 

1.55 

1.60 

1.55 

1.50 

1.45 

1.45 

1.45 

1.40 

1.40 

1.40 

1.40 

1.40 

1.45 

1.40 

1.30 

1.20 

1.20 

1.25 

1.40 


1.35 
1.30 
1.35 
1.20 
1.15 
1.25 
1.30 
1.30 
1.30 
1.15 
1.25 
1.10 
1.30 
1.30 
1.2D 
1.25 
1.25 
1.15 
1.10 
1.10 
1.10 
1.25 
1.2.'> 
1.20 
1.20 
1.25 
1.30 
1.20 
1.10 
1.30 

i.ao 


1.25 
1.30 
1.35 
l.:« 

1.65 

l.eo 

1.50 
1.4--1 

1.40 
1.40 
1.40 
1.40 
1.60 
1.6f» 
1.60 
1.50 
1.50 
1.4S 
1 .  4.  > 
1.4.% 
1.40 
1.  .V> 
1.80 
1.85 
1.6.'^ 
l..V> 
1.50 
1.45 
1.45 
1.50 


i» 

ii 

1.9 

:  > 

•« 

1  ' 
I.'.' 

1  T- 

1  :t 
1  ♦*» 
1  •*' 
I  fii 
:.«* 

1." 

I'* 

;".  «« 

A     »» 
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Rating  table  for  Chaltatioochee  River  near  Norcross,  Ga.yfrom  January  I  to  Decendter  Si 

1904. 


Gage 
height. 

Discharge. 

height. 
Feet. 

Discharge. 

Gage 
height. 

Discharge. 

beSnt. 

Dischaip:. 

Feet. 

Secondrfect. 

Second-feet. 

Fsel. 

Second-feel. 

Ftei. 

Senmd-ffti. 

1.10 

480 

1.90 

1,015 

3.20 

2,410 

5.50 

5, 1»10 

1.20' 

515 

2.00 

1,120 

3.40 

2,630 

6.00 

5,  885 

1.30 

560 

2.20 

1,330 

3.60 

2,860 

6.'50 

6,580 

1.40 

615 

2.40 

1,540 

3.80 

3,090 

7.00 

7, 2a5 

1.60 

680 

2.60 

1,750 

4.00 

3,320 

1     7.50 

,     8,a:v> 

1.60 

750 

2.80 

1,970 

4.50 

3,920 

8.00 

8,>W 

1.70 

830 

3.00 

2,190 

5.00 

4,555 

8.20 

'       9,125 

1.80 

920 

1 
1 

1 

The  above  table  is  l>ase(i  ui)on  discharge  measurements  made  during  1902,  1908,  and 
1904,  and  is  well  defined.    Above  gage  height  1.90  feet  it  is  the  same  as  the  1903  cumr. 
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Estimated  montlUy  discharge  of  Chattahooclwe  River  near  Norcross,  Ga.^for  1904* 


Month. 


J  anuary , 

February 

March , 

April 

May 

June 

July 

August 

September 

October 

November 

I>ecember 

The  year 


Discharge  in  second-feet. 


Maximum. 


2,520 
4,945 
5,885 
2,975 
3,380 
1,805 
1,225 
9,125 
1,540 
588 
968 
3,090 


9,125 


Minimum. 


920 

1,225 

1,435 

1,435 

1,015 

515 

560 

830 

515 

480 

537 

588 


Mean. 


480 


1,306 

1,967 

2,  227 

1,729 

1,510 

987 

814 

2,079 

764 

530 

689 

1, 119 


1,310 


CHATTAHOOCHEE   RIVER  AT  OAKDALE,  GA. 

This  station  was  established  at  Oakdale,  Ga.,  on  October  17,  1895, 
by  Cyrus  C.  Babb.  It  is  located  at  the  Southern  Railway  bridge, 
1  mile  above  the  mouth  of  Proctor  Creek,  2  miles  below  the  mouth  of 
Poachtree  Creek,  one-fourth  mile  west  of  Chattahoochee,  1  mile  east 
of  Oakdale,  and  8  miles  northwest  of  Atlanta. 

On  July  30, 1896,  the  location  of  the  station  was  changed  to  Mason 
and  Turner's  ferry,  1  mile  below  Oakdale.  The  gage  at  this  point, 
know  as  the  "Oakdale  lower  gage,''  is  nailed  to  a  tree  on  the  right 
hank  100  feet  below  the  ferry  and  set  1  foot  lower  than  the  gage  at  the 
Southern  Railway  bridge.  On  June  1,  1899,  the  lower  gage  was 
discontinued  and  the  upper  gage  resumed  and  adopted  by  the  United 
States  Weather  Bureau,  the  United  States  Geological  Survey  still 
receiving  the  records  and  making  the  current-meter  discharge  meas- 
urements at  this  point.  The  gage  now  used  is  in  two  sections,  the 
first,  reading  from  zero  to  8  feet,  fastened  to  a  willow  tree  100  feet 
above  the  bridge  on  the  left  bank;  the  second,  reading  from  8  to  26 
feet,  fastened  to  an  ash  tree  30  feet  above  the  bridge  on  the  left  bank. 
It  is  set  on  the  same  datum  as  the  old  wire  gage  of  the  United  States 
Geological  Survey  established  at  that  point  by  Mr.  Babb  in  1895  and 
above  referred  to.  Its  zero  point  is  753.5  feet  above  sea  level.  Dis- 
charge measurements  are  made  from  the  railway  bridge.  The  initial 
point  for  soundings  is  the  end  of  the  iron  bridge  on  the  right  bank, 
upstreem  side. 
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Bench  mark  No.  1  is  a  railroad  spike  in  the  corner  of  the  pier  on  tb' 
ri^ht  bank  12.39  feet  above  datum  of  gage.  Bench  mark  No.  !i  iJ^a 
large  bridge  spike  in  a  sycamore  tree  about  50  feet  above  the  bridtft- 
on  the  left  bank;  it  is  at  an  elevation  of  11.00  feet  above  the  zero  uf 
the  gage.  Bench  mark  No.  8,  determined  by  measuring  down  to  thi 
water,  is  the  top  of  the  iron  girder,  40  feet  from  the  initial  point  f«»r 
soundings,  on  the  upstream  side  of  the  bridge.  Its  elevation  Ls  oT.-J.' 
feet  above  the  zero  of  the  gage.  The  flow  is  obstructed  by  i-af  t>  whi'L 
have  to  be  cleared  from  the  channel  occasionally.  The  channel  i- 
straight  and  the  current  swift.  The  banks  are  subject  to  overflow. 
The  bed  of  the  stream  is  constant  and  the  results  are  fairlv  s^mA 
except  at  high  stages,  when  the  water  flows  through  the  tn\stlework. 
The  observer  is  eT.  B.  Austin. 

This  station  was  discontinued  by  the  Weather  Bureau  on  Noveniln^r 
30,  1904,  but  the  single  daily  readings  for  several  months  before  licit 
time  are  not  considered  reliable  as  representing  the  flow  of  the  river  ov. 
account  of  the  operation  of  a  large  water-power  plant  above.  Only 
the  records  for  the  first  five  months  of  the  year  are  used. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  h3'^drographer. 


DiJtcharge  measurementii  of  ChaUahoochee  Rhtr  at  Oakdcde^  Ga.,  in  19f^S  and  lf^f4. 


Date. 


1908. 
March  2 . . 
March  28 . 
April  23 . . 


Hydrographer. 


M.  R.  Hall. 
J.  M.  Giles 


E.  C.  Murphy 
and  M.  R. 
Hall. 


J.  M.  Giles 
....do 


June  2 

September  2  . . 
Ortol)er  7 do 

Noveml)er  5 , do 

I 
1904. 

February  11 J.  M.  Giles 

March  15 do 

Mays ' do 

June  29 J.  M.  Giles  and 

B.  S.  Drane. 


Width. 


Feet. 


Area  of 
section. 


Square/trL 
2,644 
8,553 
1,598 


3,240 
809 
622 

828 

1,225 

1,277 

723 

556 


Mean 
velocity. 


Feel  per  sec. 


3.70 
3. 93 
3.03 


3. 85 
2.00 
2.18 


2.39 
2.53 

1.88 
1.85 


Gape 
heig^ht. 


Frei. 

9.95 
21.85 

5.03 

12.20 
1.25 
1.10 
1.90 

3.28 

3.50 

1.38 

.60 


4.  KV. 
12.4^ 

i.t>rj 

l,:>^' 
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Mean  daily  gage  Jieighl,  infeet^  of  ChaUahoochee  River  at  Oiikdalej  Ga,,  for  1904- 


Day. 

Jan. 

1.3 
1.3 
1.7 
1.8 
1.3 
1.3 
1.4 
1.4 
1.3 
1.4 
1.4 
1.3 
1.6 
1.6 
1.5 
1.6 

Feb. 

Mar. 

Apr. 

May. 

1.6 
1.6 
1.4 
1.4 
1.4 
1.4 
1.4 
1.8 
4.0 
4.5 
2.7 
2.0 
1.8 
1.7 
1.7 
1.7 

Day. 

Jan. 

1.7 
1.5 
1.9 
1.6 
1.6 
1.7 
4.0 
4.0 
3.5 
S.0 
3.0 
3.0 
3.6 
8.6 
1.6 

Feb. 

Mar. 

Apr. 

May. 

1 

1.6 
1.5 
1.7 
1.5 
1.6 
1.6 
1.6 
3.6 
3.0 
3.6 
4.0 
2.7 
2.0 
1.8 
2.0 
1.9 

2.0 
2.3 
2.4 
2.4 
2.0 
2.3 
4.6 
8.2 
4.0 
3.0 
2.8 
2.5 
2.2 
2.6 
4.6 
3.0 

2.0 
2.0 
1.9 
1.8 
L8 
1.6 
1.7 
2.5 
3.0 
5.0 
3.0 
2.5 
2.2 
2.0 
1.9 
1.9 

17 

1.6 
1.6 
1.7 
2.5 
2.7 
4.5 
7.7 
4.3 
-    3.5 
8.0 
2.8 
2.4 
2.0 

2.6 
2.0 
2.0 
2.0 
1.8 
2.0 
8.8 
4.0 
4.4 
4.0 
8.0 
2.6 
2.8 
2.0 
1.8 

2.0 
2.0 
1.8 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.7 
1.7 
1.6 
1.6 

1.6 

2 

18 

1.6 

3 

19 

1.4 

4 

20 

1.8 

6 

21 

1.8 

6 

22 

1.0 

7 

23 

1.0 

8 

24 

1.0 

9 

25 

1.0 

10 

26 

.8 

11 

27 

.8 

12 

1  •••"••••••-•••• 

28 

.8 

29 

.8 

14 

1  30 

1.0 

15 

1 
31 

1.7 

16 

1 
1 

Haling  table  for  CfuUlahoochee  River  at  Oakdale,  Ga.yfrom  January  i,  1903,  to  December 

SI,  1904. 


Gage 
height. 

Dl9{;harge. 

Gage  ' 
1    height. 

DlHChaige. 

height. 

Discharge. 

Gage 
height 

Discharge. 

Feet. 

Seamdrjeet. 

Feel. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Secondrfeet. 

1.00 

1,300 

3.00 

2,730 

9.00 

8,940 

16.50 

18,650 

1.10 

1,360 

3.20 

2,900 

9.50 

9,540 

17.00 

19,400 

1.20 

1,420 

3.40 

3,080 

10.00 

10,140 

17.50 

20,160 

1.30 

1,480 

3.60 

3,260 

10.50 

10,740 

18.00 

20,960 

1.40 

1,545 

3.80 

3,450 

11.00 

11,340 

18.50 

21,800 

1.50 

1,610 

4.00 

3,640 

11.50 

11,940 

19.00 

22,800 

1.60 

1,675 

4.50 

4,140 

12.00 

12,540 

19.50 

23,800 

1.70 

1,740 

5.00 

4,640 

12.50 

13,190 

20.00 

25,000 

1.80 

1,810 

5.50 

5, 140 

13.00 

13,840 

20.50 

26,800 

1.90 

1,880 

6.00 

5,640 

13.50 

14,490 

21.00 

27,800 

2.00 

1,950 

6.50 

6,190 

14.00 

15,140 

21.50 

29,550 

2.20 

2,095 

7.00 

6,740 

14.50 

15,840 

22.00 

31,300 

2.40 

2,245 

7.50 

7,290 

15.00 

16, 540 

23.00 

34,800 

2.60 

2,400 

8.00 

7,840 

15.50 

17, 240 

24.00 

38,300 

2.80 

2,560 

8.50 

8,390 

16.00 

17,940 

■ 

1 

The  above  table  is  based  upon  discharge  measurements  made  during  1902-1904. 
It  is  well  defined  between  gage  heights  0.6  feet  and  12  feet.  Above  thiit  point  the 
table  is  based  upon  four  scattered  measurements. 
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STREAM   MEASUREMENTS   IN   1904,  PART   IV^. 


[NO.  Y/: 


Estimated  monifUy  discJuirge  of  Cliattahoochee  River  al  Oakdale,  Ga,,for  ISOi. 

[Drainage  area,  1,560  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run-off. 


Janaary . 
February 
March . . . 

April 

May 


Maximum. 

3,640 
7,510 
8,060 
4,640 
4,140 


Minimum. 


Mean. 


Second-feel    t^^^u  .^ 
mile. 


1,480 
1,610 
1,810 
1,610 
1,180 


1,993 
2,504 
2,749 
1,983 
1,699 


1.28 
1.61 
1.76 
1.27 
1.09 


1.4S 
1.74 
2J« 
\A'l 


CHATTAHOOCHEE;  RIVER   AT   WEST   I»OINT,  GA. 

This  station  was  established  Jiil}^  30,  1896,  by  M.  K.  Ilall,  and  the 
ga^e  is  now  maintained  by  the  United  States  Weather  Bureau.  It  i^j 
located  at  Montgomery  street  wagon  bridge.  The  lx)xed  chain  gage 
is  securely  bolted  to  the  outside  of  the  iron  railing  of  the  downstream 
footway  at  a  point  122  to  124  feet  from  the  initial  point  for  soundings. 
The  boxed  gage  is  so  constructed  that  the  length  of  the  chain  is  always 
2  feet  greater  than  the  elevation  of  the  bottom  of  the  box  above  gag** 
datum.  The  length  of  the  chain  is  29.26  feet  from  the  end  of  the 
weight  to  the  marker.  The  wagon  bridge  from  which  discharge  mea>- 
urements  are  made  is  in  three  spans,  with  short  approaches  fn>ni 
each  end.  The  floor  of  the  bridge  is  about  24  feet  above  low  water. 
The  initial  point  for  soundings  is  the  end  of  the  hand  rail  on  the  right 
bank,  downstream  side  of  the  bridge.  The  channel  is  straight  for 
about  2,000  feet  above  and  8,000  feet  below  the  station.  The  current 
has  a  fair  velocity,  except  at  low  stages.  The  right  bank  is  high  an<l 
overflows  only  at  high  water,  when  most  of  the  town  is  covei-ed.  The 
left  bank  is  somewhat  lower  and  ov^erflows  for  al)out  800  feet  at  a 
gage  height  of  20  feet.  The  bed  of  the  stream  is  of  sand  and  gravel 
and  is  unstable. 

Bench  mark  No.  1  is  the  top  of  the  downstream  end  of  the  second 
iron  floor  beam  under  the  bridge  floor  from  the  right-bank  end  of 
the  highway  bridge.  Its  elevation  is  24.19  feet  above  gage  datum. 
Bench  mark  No.  2  is  the  top  of  the  thirty-eighth  milepost  on  the 
Franklin  and  West  Point  surve}^  of  the  United  States  engineers.  This 
post  is  a  cast-iron  cap  6  inches  square,  set  in  concrete,  and  appro.xi- 
mately  on  a  level  with  the  ground.  It  is  marked  "U.  S.  88.'"  A 
raised  point  in  the  center  of  the  cap  is  the  bench  mark;  its  elevation 
is  15.68  feet  above  gage  datum.  The  location  of  this  post  is  on  the 
right  bank  of  the  river,  340  feet  upstream  from  the  wagon  bridge  and 
50  feet  from  the  edge  of  the  river.     It  is  60  feet  south  of  the  Episco- 
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pal  church,  and  is  132  feet  east  of  the  northeast  cornerof  a  lot  belong- 
ing to  W.  G.  Sheafers,  which  is  the  southwest  corner  of  Jasper  and 
Front  streets.  Bench  mark  No.  3  is  the  top  of  the  first  marble  block 
and  bottom  of  the  second  marble  block  of  the  Confederate  monument 
in  the  center  of  the  street,  1,300  feet  from  the  initial  point  of  sound- 
ings and  860  feet  from  the  east  end  of  the  bridge.  It^  elevation  is 
^5.56  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discfuirtji'  mea^irnnerUs  of  Chatiahoochee  Rirer  at  Weslpoinif  Ga.y  in  1903  and  1904. 


Date. 


I 


HydroRrapber. 


1903. 

January  6 !  M.  R.  Hall 

April  22 '  E.  C.  Miirphv  & 

M.  R.  Hall. 


Jane 5 

June  6 

July  30 

Julv31 

September  23  . 

SeptemlH*r  24  . . ' do 

December  17...    W.E.Hall 


M.  R.  Hall. 
....do  .... 
J.  M.  Giles 
....do  .... 
M.  R.  Hall. 


1904. 
February  3-4 

April  7 

April7 

April  14 


W.  E.  Hall 
J.  M.  Giles 

do  .... 

do  .... 


April  14 do 

June  20 

June  20 

Septembt^r  2 

Septeml)er  3 

Septeml)er  29  . .    J.  M.  Giles  . 

Septeml:)er  30 do 

December  6 W.  E.  Hall  . 

I 


Width. 


FiH. 

3«:i 

394 

381 
386 
358 
356 
375 
369 
376 


376 
377 
377 
377 
377 
353 
353 
368 
371 
368 
368 
380 


Area  of 
flection. 


Square /ret. 
3, 550 
4,040 

5, 458 
6,046 
3,312 
3,569 

2,875 
2,858 
2,901 

3,101 
2,781 
2,  787 
2,805 
2,785 
2, 223 
2,228 
2, 397 
2,621 
2,451 
2,474 
2, 933 


Mean 
velocity. 


Feet  jier  sec. 
1.42 
2.16 

3.84 

4.24 

1.44 

1.68 

.85 

.85 

.85 

.97 

1.13 

1.13 

1.13 

1.14 

.58 

.59 

.50 

.71 

.41 

.41 

.96 


Ga«e 
height. 


Discharge. 


Feet.      \  Sfcond-/eet. 


3.95 
5.39 

9.70 
11.30 
3.46 
4.07 
2.40 
2.32 
2.37 


2.80 
2.83 
2.88 
2.90 
2.90 
1.56 
1.56 
1.46 
2.00 
1.20 
1.27 
2.70 


8 

20 
25 
4 
5 
2 
2 
2 

3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
2 


056 
713 

960 
620 
761 
993 
451 
416 
460 


005 
144 
155 
179 
180 
298 
306 
203 
862 
005 
010 
808 


100 


STREAM   MEASUREMENTS   IN   1904,  PART    IV. 


[Ko-  r. 


Mean  daily  gage  height^  in  feet,  of  ChaUahoochee  River  at  Westpoint,  Ga.fjor  0014. 


Day. 

Jan. 

1 

2.4 

2....: 

2.3 

3 

2.4 

4 

2.4 

5 

2.4 

6 

2.3 

7 

2.8 

8 

2.4 

9 

2  4 

10 

2.7 

11 

3  0 

12 

2.8 

13 

2.7 

14 

2  7 

15 

2.7 

16 

2  6 

17 

3  5 

18 

3  6 

19 

3  3 

20 

3  1 

21 

2.8 

22 

3.3 

23 

5  5 

24 

6  1 

25 

4  2 

26 

8  8 

27 

3.3 

28 

3  0 

29 

3.0 

80 

2'S 

31 

2  9 

2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
3.1 
4.8 
5.0 
4.4 
5.4 
5.1 
4.1 
8.7 
3.4 
3.3 
3.2 
8.0 
3.1 
3.7 
4.0 
5.4 
6.4 
6.1 
5.3 
4.3 
8.9 
3.6 
3.4 


Mar. 

3.3 
3.3 
3.7 
3.5 
^.3 
3.1 
4.7 
6.0 
6.0 
5.4 
4.2 
3.7 
3.6 
3.6 
4.0 
4.2 
3.7 
3.4 
3.2 
3.1 
3.0 
3.0 
8.3 
3.3 
3.8 
3.8 
3.6 
3.3 
3.2 
3.1 
3.0 


Apr. 

2.9 
2.9 
2.9 
2.8 
2.7 
2.7 
2.8 
3.2 
8.6 
3.5 
3.5 
3.4 
3.1 
2.9 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 


May. 

June. 

2.5 

3.0 

2.5 

3.6 

2.4 

2.7 

2.4 

2.4 

2.4 

2.2 

2.4 

2.1 

2.4 

1.5 

2,4 

1.4 

2.4 

2,0 

3.1 

2.3 

3.4 

2.1 

3.1 

2.0 

2.6 

1.8 

2.4 

1.6 

2.3 

1.6 

2.3 

1.6 

2.3 

1.6 

2.8 

1.5 

2.2 

1.6 

2.1 

1.5 

2.0 

1.5 

2.0 

1.4 

2.0 

1.3 

1.9 

1.7 

1.9 

1.3 

1.9 

1.4 

1.8 

1.3 

1.8 

1.2 

1.8 

1.4 

1.8 

2.0 

2.7 

July. 


2.5 
2.3 
2.1 
2.1 
1.7 
1.9 
1.6 
1.3 
2.4 
2.1 
1.8 
1.6 
1.6 
1.8 
1.9 
1.4 
1.4 
1.7 
1.4 
2.0 
1.7 
2.0 
2.1 
2.3 
2,0 
1.9 
1.4 
1.9 
1.7 
2.1 
2.2 


Aug. 


Sept. 


2.6 
2.7 
2.5 
3.3 
2.5 
8.1 
5.3 
11.4 
12.6 
12.4 
9.6 
6.2 
4.8 
4.2 
5.0 
4.0 
3.9 
3.4 
3.0 
2.9 
2.3 
2.4 
2.2 
2.2 
4.3 
5.1 
4.1 
5.8 
3.9 
8.0 
2.4 


2.3 
1.4 
2,0 
1.9 
1.8 
2.5 
2.4 
2.2 
2.1 
1.9 
1-7 
1.6 
1.6 
1.6 
1.5 
1.5 
1.4 
1.4 
1.4 
1.3 
1.3 
1.4 
1.8 
1.9 
1.5 
1.4 
1.3 
1.3 
1.3 
1.3 


Oct, 


Nov.     IW. 


1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

1.2 

1.2 

1.1 

1.1 

1.1 

1.1 

1.2 

1.1 

1.0 

1.0 

1.0 

1.1 

1.0 

1.1 

1.2  I 
.9 

■9  I 
.9 

.9 

.9 

1.1  I 
1.2 


1.1 
1.0 
1.1 


I 


1.2 

.9 
1.1 
1..S 
1.7 
1.6 
1.6 
1.5 
1.6 
1.5 
1.5 
15 
l.r» 

1.7 
l.^ 
1.7 
1.6 
1.6 
1.6 

i.t; 

1.6 

1.6 

1.8 

1.8 

1.8  , 

1.8 

1.7 

1.7  ■ 

1.7 

1.6 


l.T 
1  ■« 


A.  » 
.<  ,' 

1: 

-»   -, 

i.1 

I..- 

>.{. 

1  > 

1  * 
1  * 
1* 
i.> 

«    • 

1  T 
1.7 
1.7 
]  L- 

il 

•»  « 

A-  . 

AT 


Rating  table  for  Chattahoochee  River  at  We^tpoint,  Ga.^from  January  I  to  Decemt^er  Ji, 

1904. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Seamd-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

DischarRe. 

Feet. 

Feet. 

Feet. 

Second-Jcet. 

Secfiud-jrrt 

0.90 

800 

2.00 

1,840 

4.20 

5,830 

6.40 

11,380 

1.00 

850 

2.20 

2,100 

4.40 

6,290 

6.60 

11,940 

1.10 

920 

2.40 

2,380 

4.60 

6,760 

6.80 

12,520 

1.20 

1,000 

2.60 

2,680 

4.80 

7,240 

7.00 

13,100 

1.30 

1,090 

2.80 

3,000 

5.00 

7,740 

8.00 

16,000 

1.40 

1,180 

3.00 

3, 340 

5.20 

8,240 

9.00 

18,900 

1.50 

1,280 

3.20 

3,700 

5.40 

8,740 

10.00 

21,800 

1.60 

1,380 

3.40 

4,080 

5.60 

9,260 

11.00 

24,  700 

1.70 

1,490 

3.60 

4,500 

5.80 

9,780 

1 

1.80 

1,600 

3.80 

4,940 

6.00 

10,300 

I.IH) 

1,720 

1 

4.00 

5,'380 

6.20 

10,840 

I 

1 
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The  foregoing  table  is  based  upon  discharge  measurements  made  during  1903  and 
1904.  It  is  well  defined  between  gage  heights  1.20  feet  and  11.40  feet.  The  table  has 
iDeen  extended  beyond  these  limits.  Above  gage  height  6.60  feet  the  rating  curve 
IS  a  tangent,  the  difference  being  290  per  tenth. 

Estimated  monthly  discharge  of  Chattahoochee  River  at  Westpointf  Ga.,  for  1904' 

[Drainage  area,  3,300  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


DiRcha 
Maximum. 

rge  in  second 
Minimum. 

-feet. 
Mean. 

3,520 

Ruu-t 

Second-feet 

per  square 

mile. 

9,000 

2,240 

1.07 

11,380 

3,000 

5,447 

1.65 

10,300 

3,340 

4,858 

1.47 

4,500 

2,680 

3,107 

.942 

4,080 

1,600 

2,285 

.692 

4,500 

1,000 

1,695 

.514 

2,530 

1,090 

1,705 

.617 

29,340 

2,100 

7, 515 

2.28 

2,530 

1,090 

1,484 

.450 

1,000 

800 

913 

.277 

1,600 

800 

1,375 

.417 

4,720 

1,490 

2,294 
3,016 

.695 

29,340 

800 

.914 

Depth  in 
incliefl. 


1.23 
1.78 
1.70 

i.a5 

.798 
.574 
.596 
2.63 
.602 
.319 
.465 
.801 


12.44 


SOQUE   RIVER   NEAR  DEMOREST,  GA. 

This  station  was  established  July  16,  1904,  by  M.  R.  Hall.  It  is 
located  at  Cannon  Bridge  on  road  from  Cornelia  to  Acorn,  2i  miles 
from  Demorcst  and  about  4  miles  above  the  mouth  of  the  river. 
The  gage  is  a  vertical  10-foot  timber  fastened  to  a  scantling  which  is 
spiked  to  the  sill  and  upstream  post  of  trestle  bent  at  the  left  bank.  It  is 
gmduated  to  feet  and  tenths.  The  gage  is  read  once  each  day  by 
Charles  Cannon.  This  station  is  maintained  in  cooperation  with  the 
Georgia  Geological  Survey,  by  whom  the  gage  reader  is  paid.  Dis- 
charge measurements  are  made  from  the  single-span,  wooden,  wagon 
bridge,  to  which  the  gage  is  attached.  The  bridge  has  a  28-foot 
approach  on  the  left  bank  and  90-foot  approach  on  the  right  bank. 
The  initial  point  for  soundings  is  the  end  of  the  bridge  on  the  up- 
stream side  at  the  left  1>ank.  The  channel  is  curved  for  500  feet 
above  and  slightly  curved  for  600  feet  below  the  station.  The 
current  is  swift.  Both  banks  are  high  and  wooded.  The  right 
bank  overflows  during  extreme  high  water.  The  bed  of  the  stream  is 
composed  largely  of  rock  and  is  permanent.  There  is  but  one  channel 
at  all  stages.     Bench  mark  No.  1  is  the  top  of  the  upstream  end 
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of  the  right  bank  wooden  pier,  and  is  marked  with  white  paint  It^ 
elevation  is  21.30  feet  above  the  zero  of  the  gage.  Bench  mark  No.  i 
is  a  nail  in  an  ironwood  tree  20  feet  above  bridge  on  the  right  bank. 
Its  elevation  is  6.00  feet  above  the  zero  of  the  gage. 

Discharge  measurements  of  Soque  River  near  Demoreslf  Ga.,  in  1904^ 


Date. 


June  8 

July  16 

August  24 

October  28... 
October  28... 
November  2Ji. 


Hydrogmpher.     |    Width.        ^„°^         ^M^,j._    ,    ^^- 


«X.      I««l««» 


Feet.        Square  feet.    Feet  per  mc 


J.  M.  Giles  . 
M.  R.  Hall.. 
W.E.  Hall.. 
M.  R.Hall.. 

do 

W.E.  Hall.. 


74 
74 


159 
139 


1           81 

209 

81 

169 

81 

169 

80 

192 

1.14 
.88 
.97 
.60 
.60 
.78 


fhsf.  , 
1.74 
1.46  ' 
1.81 
1.31 
1.31 
1.58 


Serumd-^. 

lij 

102 
101 
l.V 


Mean  daily  gage  height,  in  feet,  of  Soque  River  near  Demorest,  Ga.,for  1904. 


Day. 

July. 

Aug. 

• 

Sept. 

1 

1.25 
2.10 
2.15 
1.70 
2.00 
3.45 
1.60 
5.25 
2.90 
2.70 
1.96 
2.40 
2.00 
1.95 
1.80 
1.85 

1.65 

2 

1.65 

3 

1.60 

4 

2.75 

6 

2.60 

6 

2.00 

7 

1.85 

8 

2.10 

9 

1.85 

10 

1.70 

11 

1.60 

12 

1.60 

13 

1.60 

14 

1.65 

16 

1.50 

ir. 

1.45 

1.50 

Oct. 


1.40 
1.35 
1.35 
1.35 
1.36 
1.35 
1.40 
1.40 
1.35 
1.40 
1.35 
1.36 
1.35 
1.35 
1.30 
1.30 


Nov. 

Dec. 

1.36 

1.40 

17 

1.40 

1.40 

18 

1.40 

1.45 

19 

1.65 

1.55 

20 

1.60 

3.05 

21 

1.50 

2.30 

22 

1.40 

1.70 

23 

1.40 

1.65 

24 

1.35 

1.55 

25 

1.35 

1.50 

26 

1.36 

1.46 

27 

1.40 

1.46 

28 

1.45 

1.55 

29 

1.45 

1.50  1 

30 

1.40 

1.50 

31 

1.40 

1.50 

Day. 

July. 

17 

1.40 
1.36 
1.40 
1.40 
1.40 
3.70 
1.55 
1.50 
2.30 
1.60 
1.45 
1.40 
1.65 
1.50 
2.70 

18 

19 

20 

21 

22 

23.... 

24 

25 

26 

27 

28 

29 

30 

31 

Aug. 


Sept.    Oct. 


1.80 

1.60 

1.80 

1.46 

1.76 

1.50 

2.20 

1.45 

1.75 

1.60 

1.70 

1.60 

1.60 

1.40 

1.65 

1.40 

2.30 

1.45 

2.36 

1.45 

2.40 

1.50 

2.10 

1.46 

2.00 

1.40 

1.76 

1.40 

1.70 

1.30 
1.30 
1.30 
1.30 
1.25 
1.25 
1.30 
1.80 
1.30 
1.30 
1.30 
1.90 
1.30 
1.30 
1.85 


Nov.  !  Dtr. 


1.40 

1.40 

1.40 

1.40 

1.40 

1.45 

1.60 

1.65 

1.50 

1.46 

1.40 

1.40 

1.40 

1.40 


I.V 

1.  v 

1.  .*»• 

I..TU 

l-4o 
L45 
l.i'i 
LTP 
I  U- 

2.  W 
2.3U 

i.v'i 

1.7l< 


Rating  iahlefor  Soque  Rirernear  Demorest,  (la.,  from  Jutjf  16  to  December  Si,  1904- 


Gage 
height. 


Fert. 
1.25 
1.30 
1.40 


Discharge. 


S(Cond-/frt. 
93 
100 
115 


heflht.   1  I>-«»^-^«- 


Fert.     I  Sccimd-Jeet. 
l;50     I  132 


1.60 
1.70 


152 
174 


Gage 


heSft.    ;  I>"«hanfe.   I    ^^^    I  Dl.ch«K. 


Feet.        Serand/eet.  1 1       Fert 


1.80 
1.90 
2.00 


198 
224 
252 


2.10 
2.20 


Seeond/rti. 

282 


314 


The  above  table  is  based  upon  six  discharge  measurements  made  during  1901  and 
one  measurement  made  in  1?K)5.  It  is  well  defined  between  gage  heights  1.30  feet 
and  2.20  tet.  Estimates  made  above  2.50  feet  can  only  be  considered  a  roagh 
approximation. 
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Estimated  monthly  dwcharge  of  Soque  Rirer  near  Demortst,  Ga.y  Jor  1904' 


Discharge  in  seoond-feet. 


Month. 


July  (16-:U) 

August 

September . . 

October 

November . . 
December  . . 


Maximum. 

Minimum. 

Mean. 

980 

108 

218 

1,745 

93 

322 

525 

115 

174 

115 

93 

104 

163 

108 

122 

666 

115 

183 

SWEETWATER   CREEK   NEAR  AU8TELX.,  GA. 

This  station  was  established  May  6,  1904,  by  M.  R.  Hall.  It  is 
located  at  the  south  side  of  Lithia  Springs  Park,  near  Austell,  Ga. 
The  station  is  maintained  in  cooperation  with  the  Georgia  Geological 
Survey,  by  whom  the  gage  reader  is  paid.  The  gage  is  composed  of 
two  sections.  The  first  or  inclined  section,  graduated  by  tenths  to  8 
feet,  is  bolted  to  a  large  rock  on  the  right  bank.  The  second  or  ver- 
tical section,  graduated  from  8  to  16  feet,  is  spiked  to  a  maple  tree  on 
the  right  bank  about  100  feet  upstream.  The  gage  is  read  twice  each 
day  by  J.  L.  Causey.  Discharge  measurements  are  made  from  a  boat 
at  low  and  ordinary  stages  about  400  yards  below  the  gage.  High- 
water  measurements'  are  made  from  Strickland's  wagon  bridge,  1^ 
miles  downstream.  The  channel  is  straight  for  about  300  feet  above 
and  for  200  feet  below  the  gage.  The  current  above  the  gage  is  slug- 
gish; below  the  gage  it  is  swift  for  about  50  feet,  at  several  places 
with  sluggish  water  between.  Both  banks  are  high  and  wooded,  the 
right  being  composed  of  rock,  and  are  not  liable  to  overflow.  There 
is  but  one  channel  at  all  stages.  Bench  mark  No.  1  is  a  nail  in  a  small 
maple  on  the  right  bank  about  200  feet  below  the  gage.  Its  elevation 
is  5.00  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  cross 
i'ut  on  a  large  rock  about  10  feet  south  of  the  sloping  section  of  the 
gage.     Its  elevation  is  10.00  feet  about  the  zero  of  the  gage. 
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Discharge  measuremerUa  of  Sweehvaier  Creek  near  AtiHell,  Go.,  in  1904- 


Date. 


Hydrographer.      I   Width. 


Mav6a. 


June  IG''.. 
June  16«.. 

July  9  « 

July29«... 
August  30  « 
August  31  <^ 
October  1  «* 
October  1  ^ 


W.  E.  and  M. 

Hall. 
J.  M.  Giles 

do  .... 

W.  E.  Hall 
J.  M.  Giles 
W.  E.  Hall 
J.  M.  Giles 
M.  R.  Hall 
do  .... 


R.| 


Feet. 
42 


Area  of 
section. 


SkfitartSeet. 
148 


Mean 
velocity. 


FtH  per  sec. 
0.82 


45 

71 

.85 

41 

119 

.54 

43 

140 

.61 

54 

201 

1.26 

53 

194 

.92 

45 

99 

1.24 

55 

105 

.58 

56 

104 

.58 

Ga^e 
height. 


FeeL 
1.68 

1.15 
1.20 
1.40 
2.70 
2.35 
1.96 
1.24 
1.28 


IHflchai]^'. 

m 

17> 
til 


a  Strickland's  bridge. 
t>  Boat  100  yards  below 


gage. 


o  Wading  100  yanls  below  gage. 
d  1,000  feet  above  gage. 


Mean  daily  gage  height,  in  feet,  of  SiveetvHUer  Creek  near  Austell,  Ga,,  for  1904- 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

0.90 
.65 

1.05 
.70 

1.05 
.75 
.95 
.90 
.66 
.90 
.90 
.85 
.90 
.95 
.«> 
.55 

1.00 
.70 
.70 
.85 
.70 
.75 
.60 

1.00 
.90 
.90 
.85 
.85 
.90 
.50 
.95 

! 
Not. 

Dec, 

1 ' 

3.40 
2.60 
1.90 
1.60 
1.50 
1.60 
1.96 
1.70 
1.45 
1.30 
1.20 
1.20 
1.10 
1.00 
1.00 
1.16 
1.00 
1.00 
1.00 
1.90 
2.80 
3.50 
2.15 
1.70 
1.30 
1.16 
1.20 
2.40 
5.60 
2.85 

1.90 

1.45 

1.30 

1.26 

1.20 

1.10 

1.05 

1.35 

1.85 

1.15 

1.10 

1.05 

1.16 

.90 

1.00 

1.05 

.65 

1.00 

.75 

.75 

.75 

.90 

1.15 

.70 

1.06 

1.00 

.90 

1.26 

2.50 

2.20 

1.65 

1.50 
1.60 
4.40 
2.90 
3.90 
3.85 
2.30 
11.90 
16.80 
11.40 
4.95 
6.30 
4.80 
3.45 
3.26 
4.65 
3.20 
3.46 
2.40 
1.96 
2.15 
2.00 
1.96 
2.65 
4.05 
5.50 
7.15 
6.00 
3.10 
2.36 
2.10 

1.90 
1.70 
1.60 
3.00 
2.65 
2.05 
1.70 
1.66 
1.60 
1.45 
1.40 
1.30 
1.25 
1.25 
1.35 
1.10 

.90 
1.20 
1.20 
1.05 
1.10 
1.10 
1.00 
1.15 
1.00 
1.05 

.85 
1.10 
1.05 

.95 

1 
1.05 

.» 

1.60  ! 
1.80  ! 
1.70 
1.40  i 
1.35 
1.2f»  1 
1.25 
1.25 

1.30 ; 

1.65 
2.10  ' 

i.ih  ; 

1.45 

1.40 

1.35  1 

1.45 

1.40  ' 

1.46 

1.80 

•i40 

2.00 

1.75  , 

l.GO 

1.45, 

i.eo  ' 

1.50  i 
1.50 



l.iii' 

1 
2 

l.t»' 

3 1 

1.-' 

v..    ............................    .....| 

4 

1  < 

6 1 

0   '*} 

6 1 - 

3.»"»^ 

7 

■ 

-  «» 

1 
8 

:Lri 

1 
9 , 

1.  tV" 

10 

2u> 

11 

•»  •>( 

12 

■1 1© 

13 

1  S"" 

14 

1.7.' 

16 

1  "'. 

16 •. . . 

1    *4i 

17 

1.  v^ 

18 

1.50 
1.60 
1.45 
1.45 
1.36 
1.30 
1.30 
1.26 
1.16 
1.20 
1,20 
1.15 
1.30 
2.55 

LP 

19 

l.Hi 

20 

1.6J» 

21 

1  •.! 

22 

l.« 

23 

1  Ttt 

24 

l.«^ 

25 

l-«v'' 

26 

l.w 

27 

l.ri 

28 

3L4.> 

29 

3.23 

30 

3.3) 

31 

*.'  .St) 

"WALl.  AND"! 
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MULBERRY   GREEK  NEAR  COLUMBUS,    GA. 

This  station  was  established  as  a  bench-mark  station  June  23,  1904, 
t>y  W.  E.  Hall.     It  is  located  at  Mitchell's  bridge,  about  16  miles 
north  of  Columbus,  Gra.,  and  12  miles  south  of  Hamilton,  Ga.     Mul- 
l>erry  Creek  is  a  tributary  of  Chattahoochee  River,  which  it  enters 
a, bout  6  miles  to  the  west  of  the  station.     Discharge  measurements  are 
uiade  from  the  downstream  side  of  the  two-span  open  wooden  truss 
liig'hwa}^  bridge,  resting  upon  stone  abutments  and  center  wooden  pile 
l)ent.     The  initial  point  for  soundings  is  the  left  end  of  the  bridge  on 
the  downstream  side.     The  channel  is  straight  for  about  50  feet  above 
and  200  feet  below  the  bridge.     The  current  is  rather  sluggish  above 
and  swift  below  the  station.     Both  banks  are  high  and  not  liable  to 
overflow.     The  right  btink  is  clean;  the  left  bank  is  wooded  and  cov- 
ered with  brush.     The  bed  of  the  stream  is  composed  of  rock  and 
sand.     There  is  but  one  channel  at  all  stages,  broken  by  one  wooden 
pier.     The  bottom  is  very  uneven,  causing  the  currents  to  change 
directions  during  low  water.     The  bench  mark  is  the  top  of  the  down- 
stream end  of  the  wooden  cap  of  center  pile  bent.     Its  elevation  is 
32.00  feet  above  datum. 

Discharge  mecvmremenls  of  MuU>erry  Creek  near  Columbus^  Oa.y  in  1904. 


Date. 


HydroKitipher. 


June  23 

September  21 
September  21 


W.  E.  Hall 

do  .... 

do  .... 


Width. 

Area  of 
section. 

Squarefeet. 
62 
47 
47 

Mean 
velocity. 

Gage 
heii^ht. 

fVet. 
38 
32 
32 

Feet  per  ttec. 

0.92 

.68 

.70 

Feet. 
1.40 
1.23 
1.23 

DlHchaiigre. 

Second-feet. 
58 
32 
33 


FLINT   RIVER   NEAR   WOODBURY,  GA. 

Measurements  of  the  flow  of  Flint  River  were  made  during  1897  and 

1898  at  Molina,  Ga.,  but  the  river  bed  was  so  shifting  that  the  station 
was  discontinued  on  June  2,  1898.     Two  measurements  were  made  in 

1899  at  the  Macon  and  Birmingham  Railroad  bridge,  near  Woodbury, 
Ga. ,  5  miles  below  the  Molena  station.  On  March  29,  1900,  a  gage 
was  put  in  near  this  bridge,  and  the  station  was  reestablished. 

The  gage  is  graduated  on  a  1  by  6  inch  plank  in  5-foot  sections;  the 
part  reading  from  zero  to  10  feet  is  attached  to  a  willow  tree  on  the 
left  bank  about  300  feet  above  the  bridge  and  about  50  feet  l)elow 
Riggins's  old  ferry;  the  section  reading  from  10  to  15  feet  is  fastened 
to  a  sweet  gum  tree  50  feet  from  the  left  bank  and  150  feet  upstream 
from  the  bridge.  This  gage  was  maintained  by  the  Georgia  Geological 
Survey  until  November  1,  1900,  when  it  was  adopted  b}'^  the  United 
States  Weather  Bureau   instead  of  the  one  at  Revnolds,  Ga.      The 
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observer  is  G.  A.  Wright,  who  is  paid  by  the  I'nited  States  Weather 
Bureau.  Discharge  measurements  ai'e  made  from  the  Macon  a&l 
Birmingham  Railroad  bridge  and  its  trestle  approaches.  This  is  a 
two-span  iron  bridge,  each  span  being  150  feet  long  and  supported  hv 
brick  piei"s.  There  are  wooden  trestle  approaches  alx>ut  150  fi?et«>n 
the  right  bank  and  225  feet  on  the  left.  The  initial  point  for  soundini^ 
is  the  end  of  the  iron  bridge  on  the  right  bank^  downstream  side.  Tb- 
bridge  and  its  piers  are  oblique  to  the  direction  of  the  current,  am; 
the  bed  is  rough  and  irregular  and  mostly  permanent.  The  i^hannei 
above  and  below  the  station  is  slightly  curved  for  80<)  feet.  Abow 
ten  feet  the  banks  are  subject  to  overflow  for  a  width  of  S^H)  or  ^* 
feet,  but  all  water  passes  beneath  the  bridge  and  its  approaches. 

Bench  mark  No.  1  is  the  top  of  the  downstream  end  of  the  second 
and  thii"d  crossbeams  from  the  left  bank  end  of  the  bridge.  The  eleva 
tion  of  this  bench  mark  is  27.W  feet  above  the  zero  of  the  gag^^ 
Bench  mark  No.  2  is  a  cut  in  the  hickory  tree  on  the  upstream  side  *>f 
the  old  ferry  landing,  50  feet  from  the  left  bank  6(  the  river  and  a)wut 
75  feet  upstream  fnmi  the  gage.  Its  elevation  is  7.00  feet  al)ove  tb*^ 
zero  of  the  gage.  Bench  mark  No.  3  is  a  copper  pkig  set  in  solid  n>"k 
on  the  west  side  of  the  river  about  100  feet  from  the  water  and  l*'" 
feet  upstream  from  a  point  opposite  the  gage.  Its  elevation  is  li).:f4 
feet  above  the  zero  of  the  gage.  The  zero  of  the  gage  is  at  an  ele\^ 
tion  of  660  feet  above  sea  level. 

The  observations  at  the  station  during  1904  have  been  made  undt*r 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

DMuirge  mett^ureuimtH  of  Flint  River  near  Woodburp^  Ga.j  in  190S  anri  1904- 
Hydrographer. 


Date. 


11K):5. 

April  22 K.  C.  Murphy . 

February  12'^..    M.  R.  Hall  ... 

March  2(} |  J.  M.  Gilen. . . . 

June  29 do 

July  30 do 

Septemlx'r  ;«) . . '  M.  H.  Hall  ... 

I 
1904.  j 

February  11 F.  A.  Murray  . 


Width. 


Area  of 
section. 


Feet.      I  S/fuart /eet . 


I 


February  23. 
March  30  . . . 
July  7 

August  25. . , 
October  4^., 


W.  K.  Hall . 
J.M.Giles.. 
W.  E.  Hall . 
B.  S.  Drane. 
J.  M.  (iiles.. 


255 
247 

218 
238 
291 
208 


1,145 
2,974 
2,104 
1,(H2 
704 
690 

1,350 
1,478 
757 
694 
745 
345 


I 


Mean  G»M?e      '  rH«*,K-,i^ 

veloeity.     '    height.       ^»^^^ 


JFYrt  prr  *fr. 
2.34 
5. 48 
4.21 


Ftrt 

2.45  ' 
9.20 
5.45  ' 


1 .  53 

.     1.48 

.71 

.37 

.56 

.28 

2.29 

2.81 

2.78 

3.30 

.82 

.74 

.37 

.00 

.51 

.30 

.51 

-  .25 

Serottti-j"' 

2.ei7H 

16,LNC' 

S.  Sr.l 

1 ,  0^1 


3»0l^ 
4,114 

17^ 


aThis  is  a  AcmkI  inea.siirement.    Sta^e  being  high  for  thi.s  station. 
^ Taken  from  Umt  one-Iialf  mile  above  bridge. 


Results  considered  fairlvatvunte. 
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Mean  daily  gage  height^  infeet^  of  Flint  River  near  }V(}odbury,  Ga.j  for  1904^ 


Diiy. 

Jan. 

0.60 

.60 

.60 

.70 

.60 

.60 

.60 

.70 

.60 

.80 

1.20 

l.OO 

.90 

.80 

.70 

.80 

1.30 

1.60 

1.40 

1.20 

1.00 

1.10 

3.20 

3.00 

2.70 

1.90 

1.60 

1.-20 

1.10 

1.00 

.90 

Feb. 

0.90 

.90 

.80 

.70 

.80 

.70 

.80 

2.60 

2.  SO 

2.30 

2.80 

2.50 

2.20 

2.00 

1.70 

1.40 

1.20 

1.10 

1.20 

1.40 

1.50 

2.60 

3.00 

2.90 

2.60 

2.00 

1.90 

1.40 

1.20 

1 

Mar.  ' 

Apr. 

0.70  ' 
.60 
.70 
.60 
.60 
.70 
.80 
.90 
1.90 
1.40 
1.00 
.80 
.70 
.60 
.60 
.60 
.60 
.50 
.40 
.50 
.40 
.40 
.60 
.40 
.50 
.40 
.60 
.40 
.40 
.50 

May. 

0.40  i 
.40 
.50 
.60 
.60 
.50 
.40 
.30 
.•20 
.30 
.30 
.80 
.20 
.10 
.20 
.20 
.10 
.20 
.10 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1.00 

1 
June. 

1.10 
1.00 
.80 
.60 
.30 
1.00 
.80 
.60 
*5l) 
.40 
.40 
.00 
.00 
.00 

-  .06a 

-  .«> 

-  .05 

-  .06 

-  .06 
.06 

-  .06 

-  .05 

-  .05 

-  .05 

-  .05 
.00 
.00 
.00 
.40 
.40 

July. 

0.30 
.20 
.10 
.10 
.00 
.00 
.00 
-  .05 
.10 
.10 
.60 
.30 
.20 
.20 
.00 

-  .05 

-  .10 
-.10 

.10 
.10 

-  .06 
.20 
.10 
.80 

1.00 
.40 
.20 
.10 
.00 
.10 
.20 

Auk. 

0.40 

1.30 

1.10 

1.20 

2.20 

2.10 

2.20 

8.70 

6.60 

6.00 

6.00 

3.50 

3.00 

1.20 

1.60 

1.40 

.90 

.60 

.50 

.40 

.30 

.30 

.30 

.40 

.30 

.70 

.10 

.30 

.60 

.50 

.30 

1 

St»pt. 

0.20 
.10 
.10 
.50 
.80 
.70 
.30 
.20 
.20 
.10 
.00 
.00 
.00 

-  .05 

-  .10 

-  .10 

-  .10 

-  .10 

-  .15 
.20 

-  .16 

-  .15 
.20 

-  .25 

-  .15 

-  .:«) 

-  .20 

-  .20 

-  .26 

-  .26 

Oct. 

-  .25 
.80  ' 

-  .30 

-  .30 

-  .30 

-  .36 

-  .35 

-  .40 

-  .40 

-  .40 
-.86 

-  .36 

-  .40 
.40 

-  .40 

-  .40 

-  .45 
.46 

-  .40 

-  .40 

-  .45 

-  .45 
-.45 

-  .60 

-  .46 

-  .40 

-  .85 
.40 

-  .35 

-  .35 

-  .40 

Nov. 

-0.85 

-  .30 

-  .20 
.00 
.00 
.10 
.00 
.00 

-  .10 

-  .05 

-  .05 

-  .06 
.10 
.20 
.20 
.10 
.10 
.10 
.10 
.00 
.00 
.10 
.10 
.20 
.20 
.10 
.10 
.10 
.10 
.10 

Deo. 

1 

1.20 

1.80 

1.60 

1.60 

2.0O 

2.50 

2.30 

2.20 

2.10 

1.90 

1.50 

1.30 

1.10 

1.20 

1.40 

1.20 

1.00 

1.00 

.90 

.90 

.80 

.90 

.90 

.90 

.80 

.90 

.90 

.80 

.90 

.80 

0.10 

•> 

.20 

3 

.30 

4 

fi 

t\ 

7 

.40 
.50 
.90 
.90 

8 

1 

.70 

9 

lO 

11 

12 

.50 

.50 

.40 

80 

13 

.30 

.30 

15 

.30 
.30 

17 

.30 

.20 

19 

.20 

.'iO 

•21 

.'20 

.30 

23 

.20 

.20 

25 

.40 

..W 

27 

.60 

1.30 

29 

1.60 
1.30 

31 

1.10 

oJnne  15  to  25  (>b(«rver  reported  "  tjelow  xero"  but  stated  afterward  that  he  did  not  think  it  went 
as  much  as  1  tenth  below. 
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Rating  table  far  Flint  /S 

liver  Jiear 

Woodbury, 

Ga,,  frovf 

I  January  1  to  December  SI,  JS^M, 

Gagre 
Feet. 

Di8charK(\ 

Gafe 

helgnt. 

1 

l-^et. 

Discharge. 

Ga^e 
height. 

[ 
DiNcharge. 

Gage 
height. 

Diseh&ijer. 

Second-feet. 

Secmid-Jeet.  | 

1 

FM. 

Second-feeL 

FtH. 

1  Setomd-f'** 

-0.50 

120 

1.00 

i,oa5 

3.00 

3,410 

5.00 

6, 531 

.45 

135 

1.10 

1,115     , 

3.10 

3,545 

5.20 

1       6,  SSrt 

-  .40 

150 

'     1.20 

1,225 

3.20 

3,680 

5.40 

7, 260 

-    .35 

165 

1     1.30 

1,340 

'    3.30 

3,820 

5.60 

i       7.640 

.30 

180 

'     1.40 
1.50 

1,455 

'            1 

3.40 

3,960 

5.80 

8,  (M<» 

.25 

195 

1,570 

3.50 

4,100 

6.00 

S,45t> 

-  .20 

210 

1.60 

1,685 

3.60 

4,240 

6.20 

8,8j« 

.15 

225 

1     1.70 

1,800     ' 

3.70 

4,390 

6.40 

9,320 

-  .10 

240 

1.80 

1 

1,920 

3.80 

4,540 

6.60 

9,7Si) 

-  .05 

260 

1.90 

2,040 

3.90 

4,690 

6.80 

10,260 

.00 

280 

1     2.00 

2,160 

4.00 

4,840 

7.00 

10, 750 

.10 

320 

2.10 

2,280 

4.10 

5,000 

7.20 

11,250 

.20 

360 

2.20 

2,400 

4.20 

5,160 

7.40    1 

11,  750 

.30 

410 

2.  30 
2.40 

2,520 

4.30 

5,320 

7.60 

12,250 

.40 

470 

2,640 

4.40 

5,480 

7.80 

12,750 

.50 

540 

2.50 

2,760 

4.50 

5,650 

8.00     ' 

13,250 

.60 

620 

2.60 

2,890 

4.60 

5,820 

8.50 

14,500 

.70 

705 

2.70 

3,020 

4.70 

5,990 

9.00 

15,  7.tO 

.80 

800 

2.80 

3,150 

4.80 

6,160 

9.50 

17,000 

.90 

900 

1 

2.90 

3,280    ' 

4.90 

6,340 

10.00 

18,250 

The  above  table  ia  well  defined  between  -0.2  feet  and  4.5  feet.  Above  this  point 
the  table  is  based  on  one  measurement  at  9.2  feet.  It  is  based  ui)on  discharge  mes:*- 
urements  made  during  1901-1904. 
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Estimated  monthly  discharge  of  Flint  River  near  Woodbury ^  Ga. ,  for  1904' 

[Drainai^e  area,  9H8  square  miles.] 


Month. 


^Tanuary 

February 

>Iarch 

April 

IMay 

«Tune 

July 

August 

September 

October 

November 

December 

The  year 


Ditwharge  in  second-feet. 


Run-off. 


I 
Maximum.  >  Minimum. 


3,680 
3,410 
2,760 
2,040 


540 
705 
800 
470 


1,005 

280 

1,115 

260 

1,005 

240 

15,000 

320 

800 

180 

195 

120 

360 

165 

1,570 

320 

15,000 

120 

Mean. 

1,207 

1,838 

1,326 

687 

394 

442 

368 

2,198 

302 

155 

295 

586 

816 


Second-feet 

per  square 

mile. 


1.22 
1.86* 
1.34 
.695 
.399 
.447 
.372 
2.22 
.306 
.157 
.299 
.593 


Depth  in 
inches. 


1.41 
2.01 
1.55 
.775 
.460 
.499 
.429 
2.56 
.341 
.181 
.334 
.684 

11.23 


FLINT   RIVER  AT  ALBANY,  OA. 

This  station  was  originally  established  by  the  United  States  Weather 
Bureau  on  April  10,  1893,  and  has  been  maintained  from  that  date  to 
the  present.  The  gage  was  washed  out  and  replaced  in  1898.  It  was 
again  injured  in  1902,  and  was  replaced  by  a  new  gage  on  June  17, 
1905i,  which  was  read  for  the  first  time  on  June  18.  The  new  gage 
was  set  seventy-five  hundredths  of  a  foot  lower  than  the  old  gage. 
The  gage  as  it  existed  prior  to  June  17,  1902,  is  described  in  Water- 
Supply  Paper  No.  48,  page  16(5.  R.  V.  Watson  was  employed  by  the 
Weather  Bureau  to  make  and  set  the  new  gage,  and  it  appears  from 
Mr.  Watson's  description  of  this  gage  on  June  17,  1902,  that  a  cer- 
tain bench  mark  cut  in  the  lower  iron  pier  of  the  county  bridge  and 
described  in  Paper  No.  48,  above  referred  to,  as  being  10  feet  above 
zero  of  gage,  was  in  reality  only  9  feet  and  3  inches  above  the  zero  of 
the  old  gage.  As  Mr.  Watson  set  the  new  gage  10  feet  below  this 
bench  mark,  its  zero  is  9  inches  lower  than  that  of  the  old  gage.  The 
gage  heights  have  been  corrected  from  Januar}^  1  to  June  17,  1902, 
inclusive,  to  correspond  with  the  new  gage,  so  that  one  rating  table 
will  apply  to  the  whole  year. 

The  following  is  Mr.  Watson's  description  of  the  United  States 
Weather  Bureau  gage:  The  name  of  the  bridge  to  which  the  gage  is 
attached   is  the   Dougherty  County  Flint  River  Bridge,  located  at 
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Albany,  Ga.,  about  70()  feet  below  the  Atlantic  Coast  Line  Railwa\ 
bridge.  The  gage  is  in  three  parts  or  sections.  No.  1  is  attacbod  tu 
the  crib  around  the  middle  piers  (the  crib  is  filled  with  rocks,  bein^:^» 
by  14  feet),  and  extends  about  3  feet  above  ordinary  low  ^wrater.  Th\^ 
section  rejids  to  4  feet  above  zero.  It  is  securely  spiked  to  the  wooden 
crib.  Section  No.  2  is  securely  spiked  to  a  green  cypress  tree  just  abovt^ 
the  bridge  on  the  west  bank  of  the  river,  and  reads  from  2  to  17  feel 
above  the  zero  on  No.  1.  No.  3  is  securely  spiked  to  a  cedar  post  l»i 
feet  high,  the  post  being  put  3  feet  into  the  firm  ground.  This  se* 
tion  begins  at  17  feet  above  the  zero  on  No.  1  and  reads  to  32  feet, 
which  is  about  2i  feet  above  any  high  water  known  since  1840. 

A  24- inch  iron  top  locked  box  chain  gage  l)elonging  to  the  Unite*! 
States  Geological  Survey  was  put  in  by  W.  E.  Hall  on  April  2<.>,  V^*i. 
The  box  is  securely-  bolted  to  the  iron  lattice  of  the  hand  railing  of  th?* 
downstream  footway  of  the  Dougherty  County.  Bridge,  near  the  mid 
die  part  of  the  west  span  of  the  bridge.  The  graduated  scale  is  ^4 
feet  long,  and  is  l)olted  to  the  same  latticework,  the  zero  end  beintf 
in  contact  with  the  end  of  the  box,  and  the  scale  e^j^tending  ^^est  towniil 
the  right  bank.'  This  gage  was  accurately  set  to  corre^ijpond  with  the 
bench  marks  previously  established,  and  its  readings  agree  with  thf 
standard  portion  of  the  Weather  Bureau  gage.  The  bottom  of  the  box 
is  45.34  feet  above  the  zero  of  the  gage,  and  the  length  of  the  chain 
from  the  bottom  of  the  weight  to  the  marker  is  47.34  feet. 

Discharge  measurements  b\'  the  Geological  Survey  were  beg'un  at 
this  station  in  1901,  and  the  gage  height  records  furnished  by  the 
Weather  Bureau  have  been  used,  except  for  a  portion  of  the  \^ear  li**'-! 
The  present  observer,  D.  W.  Brosnan,  is  now  paid  by  the  Unite«l 
States  Weather  Bureau. 

Discharge  measurements  are  made  from  the  two-span  railroad  bridjr* 
of  the  Atlantic  Coast  Line,  which  is  325  feet  long,  with  475  feet  oi 
trestle  approach  on  the  right  bank  and  240  feet  on  the  left  hank. 

The  initial  point  for  soundings  is  the  center  of  the  tubular  iron  i)ior 
on  the  upstream  side  of  the  bridge  on  the  left  bank.  The  channel  a!xi\> 
the  station  is  straight  for  about  1,000  feet  and  is  rough.  Below  the 
station  the  channel  is  straight  for  700  feet.  The  river  overflows  lK»th 
banks,  but  only  under  the  approaches  to  the  bridge.  The  bed  is  con- 
stant, but  is  rough,  and  the  current  is  irregular. 

Bench  mark  No.  1  is  a  copper  plug  set  in  the  downstream  corner 
of  the  brick  abutment  on  the  right  bank,  under  the  Dougherty  County 
Bridge.  Its  elevation  is  33.81  feet  above  the  zero  of  the  gfige. 
Bench  mark  No.  2  is  the  top  of  the  first  crossbeam  from  the  right 
bank,  upstream  end  of  the  railroad  bridge.  Its  elevation  is  43.20  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  3  is  a  chisel  mark  on  the 
tubular  pier  of  the  wagon  bridge  on  the  right  bank,  downstream  side. 


1£A 


LL  AND"! 
rIOYT.      J 


APALAOHIOOLA    RIVER   DRAINAGE    BASIN. 


Ill 


Its  elevation  is  10.00  feet  above  the  zero  of  the  gage.  Bench  mark 
>Io.  4  is  the  top  of  the  third  granite  block  of  the  Confedemte  monument 
a.t  the  center  of  Jackson  and  Pine  streets.  This  is  at  the  bottom  of  the 
polished  block  which  bears  the  inscription.  Its  elcn-ation  is  61.09  feet 
above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measuremenUi  of  Flint  River  at  AUtanify  Ga.,  in  J  90S  and  1904. 


Dale, 


Hydroin'apher. 


1903. 

]March^6 

Mav21 

Jiilv8 

October  14 ; 

Det'eniber  22.. 


F.  A.  Murray 
M.  R.  Hall . . . 
F.  A.  Murray 
M.  R.  Hall... 

do 

F.  A.  Murray 


Width. 


Feel. 


1904. 

April  19 

W 

.  E.  Hall.... 

June  18.: 

B. 

R.  Drane 

September  22  . . 

J. 

M.  (tiles  .... 

Soptemljer  23 . . 

..do 

November  15  . . 

B. 

S.  Drane 

Noveml'>er  16  . . 

..do 

..do 

November  21  . . 

Noveml>er  21  . . 

do 

227 
2ft4 
221 
221 
271 
271 
269 
269 


Area  of 
section. 


Squarc/eet. 
4,249 
5,352 
2,283 
4,124 
1,488 
1,757 

1,677 
1,373 
1,342 
1,351 
1,455 
1,428 
1,:^4 
1,353 


Mean 
velocity. 

Gage 
height. 

Feet  per  sec. 

F^t. 

4.38 

13.68 

4.32 

16.80 

3.38 

5.65 

4.03 

13.06 

2.34 

1.90 

2.92 

3.25 

2.67 

2.78 

1.54 

.25 

1.52 

.20 

1.56 

.20 

2.08 

1.11 

2.14 

1 

1.20 

1.86 

.63 

1.88 

.61 

Discharge. 


Second-Xeel. 

18,630 

23, 120 

7,744 

16, 640 

3, 484 

5,035 

4,474 
2,111 
2,044 
2,104 
3,030 
3,056 
2,423 
2,378 
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^fean  daily  gage  heighlf  in  feet ,  of  Flint  River  at  Albany ^  Ga.jfor  1904- 


[yo.  XT. 


Day. 


1. 

2. 

3. 

4. 

ft. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan.  I  Feb. 


5.2  ' 

4.4  I 

4.2 

4.2 

4.1 

4.0 

3.9 

4.4 

4.7 

5.1  , 

6.0 

6.4 

7.0  ! 

7.0  , 

6.8 

6.4  ' 
6.0  ' 
5.9  I 
5.8 
6.0 

6.0  ' 
5.8 
6.8  I 

8.1  ■ 

9.5  I 
9.7  I 

10.0 

10.4 

10.3 

9.0 

7.0 


6.3 
5.9 
5.G  ^ 
5.2  ' 
5.0  I 
4.7 
4.8 

5.2  I 
6.4  , 
8.8 

12.9  I 
16.9  1 
19.2  I 

18.7  I 
17.2  . 

15.8  I 
14.8 
13.3 
10.5 

8.5 
8.4  . 

9.3  ! 

10.5  I 

10.9  j 
10.9  I 

10.6  I 
10.4  I 
10.1 

9.4  I 


Mar. 

Apr. 

8.2 

4.2 

7.3 

3.9 

6.7 

3.7 

6.4 

3.6 

6.3 

3.4 

6.6 

3.2 

7.0 

3,3 

I 


7.3 
7.3, 

7.8 

8.1  \ 
8.1 
7.6 
6.8  I 
6.4  I 

6.2  I 
6.2  ' 
6.1 
5.8  , 
5.2 
5.0  , 

4.8  ; 

^.5 
4.2 
4.2 
4.1 
4.5 
5. 0 
4.9 
4.8 
4.3 


4.] 

5.0 

5.4 

5.9 

5.9 

5.4 

4.7 

3.8 

3.4 

3.2 

3.0 

2.7 

2.5 

2.4 

2.4 

2.4 

2.3 

2.3 

2.2 

2.2 

2.1 

2.0 

2.0 


May. 

2.0 

2.0 

1.9 

1.9 

2.4 

2.5 

2,2 

1.9 

1.7 

1.6 

1.6 

1.6 

1.5 

1.3 

1.3 

1.3 

1.4 

1.5 

1.9 

1.9 

1.7 

1.4 

1,1 

1.0 

.8 

.8 

.7 

.6 

.5 

.6 

.9 


June.  '  July. 


Aug.     Sept.  !   Oct.      Not.     Iiw. 


0.9 

1.5 

2.6 

2.7 

2.4 

1.9 

1.5  I 

1.3  I 

1.1  ' 

1.3 

1.2 

1.0 

.8 

.  / 

.6 

.5 

.4 

.3 

.2 

.2 

.2 

.1 

.3 

.5 

.5 

.4 

.4 

.3 

.3 

.3 


0.5 
1.5 
1.5 
1.1 

.8 

.6 

.5 

.5 

.4  ' 

.4 

.4 

.7 

.9 
1.1 
1.4 
1.0 

.V 

.5 

.4 

.2 

.2 

.2 

.4 

.9 
1.4 
1.2 
1.0 
1.2 
1.0 

.7 
1.0 


1.1 
1.6  I 
1.6 
2.9  I 
5.5 
5.9  ' 
5.6 
6.4 
7.2 
7.8 
8.3  , 
9.4 
10.8 
12.2 
13.1  I 
13.2 
12.1 
8.0 
4.9 
4.7 
2.9 
2.5  , 
2.1 
2.0 
2.0 
2.2 
2.8 
4.0 
4.1 
6.0 
6.4 


»  I 


5.3 

3.1 

2.2 

1.8 

1.6 

1.5 

1.7 

2.3 

2.3  ' 

1.9 

1.5 

1.1 

1.0 

4 
.6 
.6 
.5 
.4 
.4 
.3 
.2  ' 
.2  ' 

I 

.2 
.2 
.1 
.1 
.1 
.0 
.0 
.0 


0.1 

-  .1 

-  .1 

-  .2  ' 

-  .3 

-  .3' 

-  .3 

-  .3 
.2 

-  .2  I 
.   .2  ' 

-  .3 
-.3  1 

-  .3 

-  .3 

-  .3  , 

..3! 

-  .4 

-  .4 

-  .4 

-  .4 

-  .4 

-  .4 

-  .4 

-  .4 

-  .5 ; 

-  .5  : 

-  .4  ! 
■  .4 


-0.3 

-  .3 

_  _  ■> 

.1 

.5 

_  k 
_«» 

_  «k 

.6 
.4 

.2 

..T 

.4 

.  < 

1.1 

\.l 

1.1 

.^ 

.  I 

p. 
.   I 

.6 
.  < 

1.1 

1.1 

1.0 

.9 

.   i 

.6 


1  \ 


:.4 


I 

1 
1  - 

1 

I  : 

1.. 

1  ^ 


I 
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lifUing  iabk  for  Flint  River  at  Albany y  Ga.^  from  January  1  to  December  SI,  1904. 


Gage 

height. 


Feet 
-0.50 

-  .40 

-  .30 

-  .20 

-  .10 
.00 
.10 
.20 
.30 
.40 
.50 
.60 
.70 
.80 
.90 


DiHcharge.       j,Gf^^\ 


Second-feei. 
1,480 
1,560 
1,645 
1,730 
1,815 
1,900 
1,985 
2,070 
2,156 
2,240 
2,330 
2,420 
2,510 
2,600 
2,690 


Feet. 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.50 
4.00 
4.50 
5.00 


Discharge. 

Gage 
height. 

Discharge. 
Secondr/eet. 

Gage 
height. 

Discharge. 

Second'/eet, 

Feet. 

Feet, 

Second-feet. 

2,780 

5.50 

7,425 

13.00 

16,  750 

2,960 

i     6.00 

8,000 

13.50 

17,525 

3,140 

6.50 

8,575 

14.00 

18,300 

3,330 

7.00 

9,150 

14.50 

19,150 

3,520 

7.50 

9,725 

15.00 

20,000 

3,  710 

8.00 

10,300 

15.50 

20,850 

3,900 

8.50 

10,900 

16.00 

21,700 

4,100 

9.00 

11,500 

16.50 

22, 550 

4,300 

9.50 

12,100    1 

17.00 

23,400 

4,500 

10.00 

12,700 

17.50 

24,300 

4,700 

10.50 

13, 350 

18.00 

25,200 

5,225 

11.00 

14,000 

18.50 

26,100 

5,750 

11.50 

14, 675 

19.00 

27,000 

6,300 

12.00 

15,350 

19.50 

27,950 

6,850 

12.50 

16,050 

20.00 

28,900 

The  above  table  is  based  upon  eighteen  discharge  measurements  made  during 
1902-1(04.  It  is  well  defined  between  gage  heights  0.0  foot  and  6  feet.  Above  6 
feet  the  table  is  approximate. 

EUiinated  monthly  discharge  of  Flint  River  cU  Albany,  Ga,,  for  1904* 

[Drainage  area,  5,000  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Run-ofT. 


Maximum. 

Minimum. 
5,645 

Mean. 
8,553 

Second-feet 

per  square 

mile. 

Depth  in 
Inches. 

13,220 

1.71 

1.97 

27,380 

6,520 

13,550 

2.71 

2.92 

10,540 

5,860 

8,068 

1.61 

1.86 

7,885 

3,710 

5,175 

1.04 

1.16 

4,200 

2,330 

3,215 

.643 

.741 

4,400 

1,985 

2,683 

.537 

.599 

3,235 

2,070 

2,587 

.517 

.596 

17,060 

2,870 

7,949 

1.59 

1.83 

7,195 

1,900 

2,872 

.574 

.640 

1,815 

1,480 

1,629 

.326 

.376 

2,960 

1,645 

2,457 

.491 

.548 

5,860 

2,330 

3,723 
5,205 

.745 
1.04 

.859 

27,380 

1,480 

14.10 

iBR  127—05 8 
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BIO    POTATO  CREEK   NEAR   THOMASTON,  GA. 

This  station  was  established  as  a  bench-mark  station.  It  is  \ocaU4 
at  the  highway  bridjife,  about  6  miles  southwest  of  Thoinaston,  (ia.. 
200  yards  above  Daniel's  old  gristmill.  Discharge  nieasun'mfnt* 
are  made  from  the  downstream  side  of  the  single-sjmn  iron  bridj:»', 
which  has  trestle  approaches  of  about  100  feet  at  each  end.  T^- 
initial  point  for  soundings  is  the  left  end  of  the  bridge  on  the  dow  i 
stieam  side.  The  channel  is  curved  for  about  2(K)  feet  above  aiK 
stniight  for  300  feet  l)elow  the  station.  The  current  is  swift,  exo'|i: 
at  very  low  stages.  Both  banks  are  subject  to  occasional  overflow. 
The  bed  of  the  stream  is  com]X)sed  of  rock  and  gravel,  free  fn»u. 
vegetation,  and  probably  constant.  There  is  but  one  channel  at  hj; 
stages,  broken  during  the  higher  water  by  the  piei-s  of  the  hridj: 
Bench  mark  No.  1  is  the  top  of  the  downstream  end  of  the  tii*st  fl 
beam  from  the  left  bank.  Its  elevation  is  23.00  feet  above  datun.. 
Bench  mark  No.  2  is  a  chisel  mark  on  the  inti^rmediate  post  at  tl« 
downstream  end  of  the  second  floor  beam.  Its  elevation  is  28.<Mi  f.vi 
above  datum. 


»'»* 


(HI 


Disrhnrge  measuremmU  of  Big  Potato  (Yeek  nrar  Thomnjtton,  Ga.,  in  li^O^. 


Date. 


Mardi  31 
May  24.. 
July  6... 


SeptemlKT  23 
Septeml)er  28 

October  5 

()ctol>er  5 


Hydrojfnipher. 


J.  M.  (iiles 
M.  U.  Hall 
W.  E.  Hall 

<lo  ... 

do  ... 

J.  M.(Jiles 

do  ... 


Width, 


Errt. 


87 
85 
80 
75 
75 
80 
40 


Area  of 
section. 


Sffuarcfat. 
212 
165 
132 
124 
124 
111 


Mean 
velocity. 


Frfi  jicr  »rc. 

0.77 

..% 

.46 

.40 

,:« 

.38 
1.41 


Gase 
hcif?ht. 


Di«<*hArj» 


2.32 

1.75 

1.80 

1.74  , 

1.72  ' 

1.69 

1.70 


f., 
4 

4 


MUCKALEK   CREEK    NEAR   ALBANY,  (JA. 

This  station  was  established  as  a  temporar}'  station  March  9,  li'^''- 
by  F.  A.  Murray.  It  is  located  at  the  wagon  bridge  3  miles  north  n: 
Albany,  (Ja.,  and  a  short  distance  below  the  mouth  of  Kinchafoon«^' 
Creek.  The  gn^G  is  a  vertical  rod  of  1  by  4  inch  board  nailed  to  a 
scantling,  fastened  to  a  tree  on  the  left  bank  just  above  the  bridi'*'. 
and  reads  from  zero  to  14  feet.  During  1908  it  was  read  once  ea^l 
day  by  T.  M.  Nelson.  Discharge  measurements  are  made  from  rl'< 
single-span  highwa}'  bridge  and  its  approaches.  The  initial  point  fcr 
soundings  is  the  river  side  of  the  iron  pier  on  the  right  bank,  down- 
stieam  side  of  the  bridge.  Tlie  channel  is  stmight  for  300  feet  al)ove 
the  station  and  for  200  feet  below.     The  current  is  regular  and  of 
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inoderato  veloi'ity.  Both  banks  are  high  and  will  not  overflow.  The 
bed  18  roc'ky  and  probabl}^  permanent.  The  river  flows  in  one  channel 
at  all  stages.  Backwater  from  Flint  River  affects  the  discharge  at 
high  stages. 

Bench  mark  No.  1  is  the  top  of  the  upstream  pier  on  the  right  bank; 
its  elevation  is  27.65  feet  above  the  zero  of  the  gage.  Bench  mark 
No.  2  is  a  copper  plug  set  in  a  rock  on  the  right  bank  about  40  feet 
below  the  bridge.  Its  elevation  is  11.91  feet  above  the  zero  of  the 
^age.  The  station  was  discontinued  December  31,  1903,  but  has  been 
maintained  as  a  bench-mark  station  during  1904.    • 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

THscharge  nieaauremenln  of  Muckaiee  (Wek  near  Albany y  Ga.j  in  190S  and  1904. 


Date. 


1903. 

March  6 

May  22 

July  2 

Se|)UMiiber  19 . 

October  15 

December  22.. 

1904. 

April  22 

June  18 

September  22 . 
November  16  . 


Hydrocrmpher. 


F.  A.  Murray 
M.  R.  Hall... 
F.  A.  Murray 

do 

M.  R.  Hall... 
F.  A.  Murray 

W.  E.  Hall . . 
B.  S.  Drane.- 
J.  M.  Giles.. 
B.  S.  Drane.. 


Width. 


Feet. 


80 
80 
76 
90 


Area  t»f 
section. 


Square  feel.  Feet  per  sec. 
992 
1,005 
582 
907 
364 
462 


443 
350 
338 
391 


can 
►city. 

Gage 
height. 

Feet. 

Discharge. 

*cr  sec. 

SecoTid-fect. 

5.18 

6.60 

5,141 

2.81 

7.40 

2,829 

2.53 

1.88 

1,473 

4.62 

6.22 

4,195 

1.76 

.72 

644 

2.90 

^  59 

1,343 

2.37 

1.45 

1,051 

1.20 

.33 

419 

h'S5 

.35 

455 

2.13 

.95 

832 

KINCHA^'OONEE  CREEK  NEAR  ALBANY,  GA. 

This  station  was  established  as  a  teinpomry  station  March  9,  1903, 
by  F.  A.  Murray.  It  is  located  at  the  waji^on  bridge  3  miles  north  of 
Alban}',  Ga.,  200  feet  below  the  Central  of  Georgia  Railroad  bridge 
and  about  one-half  mile  above  the  mouth  of  the  creek.  The  gage  is 
a  vertical  rod  fastened  to  the  cypress  tree  on  the  left  bank  100  feet 
al)ove  the  bridge,  and  reads  from  zero  to  10  feet.  During  1T)03  it  was 
read  once  daily  by  T.  M.  Nelson.  Discharge  measurements  are  made 
from  the  single-span  highway'  bridge  and  its  approaches,  which  cross 
the  river  at  an  angle  to  the  direction  of  the  current.  The  initial  point 
for  soundings  is  the  center  of  the  iron  pier  on  the  left  bank,  down- 
stream side.  The  channel  is  curved  both  above  and  below  the  station. 
Both  banks  are  high  and  all  water  passes  beneath  the  bridge  and  its 
approaches.     The  bed  is  probably  somew^hat  shifting. 
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Bench  mark  No.  1  is  the  top  of  the  crossbeam  30  feet  from  the 
initial  point  for  soundings  on  the  upstream  side  of  the  bridge.  It-* 
elevation  is  26.52  feet  above  the  zero  of  the  gage.  Ben<*h  mark  Xo.  i 
is  a  copper  plug  set  in  a  rock  on  the  left  bank  about  25  feet  below  thr 
bridge.  Its  elevation  is  6.97  feet  above  the  zero  of  the  gB.ge.  Bench 
mark  No.  3  is  the  top  of  the  iron  pier  on  the  left  bank,  upstream  side. 
Its  elevation  is  26.37  feet  above  the  zero  of  the  gage.  The  statior 
was  discontinued  December  31,  1903,  but  has  been  maintained  a^  a 
bench-mark  station  during  1904. 

The  observations -at  this  station  during  1904:  have  been  made  imder 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Diitcharge.  measurements  of  Kinchafomiee  Creek  near  Albany ,  Ga.y  in  1903  and  lfi04. 


Dat3. 


1903. 

March  6 

May  22 

July  2 

September  19  . 

October  15 

December  22.. 

1904. 

June  is 

Septeml)er  22  . 
November  16  . 


Hydrographer. 


F.A.Murray. 
M.  R.  Hall . . . 
F.  A.  Murray. 

do 

M.  R.  Hall . . . 
F.  A.Murray. 

B.  S.  Drane . , 
J.  M.  Giles... 
B.  8.  Drane  . . 


width. 


Fsel. 


88 
66 
89 


Area  of 
section. 


Squareftet. 
973 
721 
650 
833 
581 
667 

594 
462 
649 


Mean 
velocity. 


Feet  per 

3. 
»> 

1. 


»ec. 
99 

33 
45 


2.46 


73 


1. 


27 

43 
64 

87 


Gfi|?e 
height. 


Frei. 
4.28 
3.32 
1.84 
3.29 
.98 
1.76 

.62 

.65 

1.12 


Distbai^. 

l.H^ 

2, 05: 
4i! 

St: 

53.^ 


MI8CELLANEOU.S     MEA8UBEMENT8    IN     APALACHIOOIJ^    RIVEB     DRAINACtE 

BASIN 

The  following  is  a  list  of  miscellaneous  discharge  measurement^ 
made  in  Apalachicola  River  drainage  basin  during  1904: 

Df'f'/)  Cre<^  n^ar  '  Chirk^ille^  Ga, — This  stream  is  a  tributary  of 
Soque  River.  A  measurement  was  made  May  13  from  the  wooden 
bridge  on  Burton  road,  about  3  miles  from  Clarksville. 

Width,  25  feet;  area,  26  square  feet;  mean  velocity,  1.58  feet  per  second;  discharcf. 
41  second-feet. 

Beaverdam  Creeh  near  Clarkstnlle^  Ga. — This  stream  is  a  tributary 
of  Soque  River,  entering  from  the  right.  A  measurement  was  made 
May  13  from  the  bridge  about  1  mile  from  6larksville,  on  the  road  to 
Nacoochee,  Ga.  The  beiich  mark  is  the  top  of  the  brace  from  band- 
rail  to  large  birch  on  the  upper  side  of  the  bridge  at  the  right  bank. 
12.00  feet  above  the  datum  of  the  gage. 

Width,  22  feet;  area,  12  square  feet;  mean  velocity,  1.50  feet  per  seoond;  gage 
lieight,  0.45  feet;  discharge,  18  second-feet. 
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Hazel  Creek  n^ar  DemoreM^  Ga. — ^This  stream  is  a  tributfiry  of 
Soque  River,  entering  from  the  left.  A  measurement  was  made  May 
13  from  the  bridge  1  mile  from  Demorest,  on  the  road  to  Porter  Mills. 
The  bench  mark  is  the  top  of  the  upper  end  of  second  floorbeam  from 
the  right  bank,  15.00  feet  above  the  datum  of  the  gage. 

Width,  25  feet;  area,  30  sriuare  feet;  mean  velocity,  1.47  feet  per  second;  gage 
height,  1.85  feet;  discharge,  44  second-feet. 

Sr/qn^'  River'  nextr  Clarksville^  Oa, — Measurements  were  made  from 
Wall's  bridge,  2J  miles  al)ove  Clarksville.  The  bench  mark  is  the  top 
of  a  nail  driven  into  a  large  leaning  birch  tree  about  20  feet  above  the 
bridge  on  the  left  bank,  6.00  feet  above  the  datum  of  the  gage. 

March  17:  Width,  36  feet;  area,  65  square  feet;  mean  velocity,  1.83  feet  per  second; 
gage  height,  1.35  feet;  diw^harge,  119  second-feet. 

March  17:  Wicith,  36  feet;  area,  63  yqiiare  feet;  mean  velocity,  1.82 feet  ()er  second; 
gage  height,  1.35  feet;  discharge,  115  second -feet. 

May  13:  Width,  36  feet;  area,  62  square  feet;  mean  velocity,  1.92  feet  per  second; 
gage  height,  1.45  feet;  discharge,  119  second-feet. 

Soque  River  iiear  Cornelia^  G^a.  — Measurements  were  made  at 
McHalister's  })ridge,  alx)ut,  7  miles  from  Cornelia  and  1  mile  above 
the  mouth  of  the  river.  The  bench  mark  is  the  top  of  the  downstream 
end  of  the  first  wooden  floor  beam  from  the  left  bank,  22.00  feet  above 
the  datum  of  the  gage. 

March  18:  Width,  74  feet;  area,  152  square  feet;  mean  velocity,  1.62  feet  per  second; 
gage  height,  1.85  feet;  discharge,  246  second-feet. 

July  16:  Width,  72  feet;  area,  88  square  feet;  mean  velocity,  1.47  feet  per  second; 
gage  height,  1.25  feet;  discharge,  130  second-feet. 

Rottenwood  Creek  near  Vininga^  Ga. — This  stream  enters  Chatta- 
hoochee River  from  the  right.  Measurements  were  made  by  wading 
at  a  point  about  200  feet  above  the  old  Thornton  dam,  and  2  miles 
above  the  mouth  of  the  creek.  The  creek  was  believed  to  be  at  its 
lowest  stage.  The  bench  mark  is  a  nail  driven  into  rock  on  the  right 
bank  at  the  measuring  section,  marked  '*B.  M."  Its  elevation  is  3.00 
feet  above  the  datum  of  the  gage. 

October  4:  Width,  9  feet;  area,  6  square  feet;  mean  velocity,  0.84  foot  per  second; 
gage  height,  0.26  foot;  discharge,  4.8  second-feet. 

Octo>)er.4:  Width,  9  feet;  area,  6  square  feet;  mean  velocity,  0.82  foot  per  second; 
gage  height;  0.26  foot;  discharge,  4.9  second-feet. 

October  4:  Width,  9  feet;  area,  6  square  feet;  mean  velocity,  0.72  foot  per  second; 
gage  height,  0.25  foot;  discharge,  4.3  second-feet. 

North  Fork  of  Penclitree  Creek  near  Armour^  Ga. — A  measurement 
was  made  May  20,  from  the  Cheshire  Bridge,  1^  miles  above  the 
Southern  Railway  bridge  at  Armour,  Gra.  The  bench  mark  is  the  top 
of  a  bent  nail  in  the  bottom  of  the  twelfth  rail  post  from  the  right 
end  of  the  bridge,  16.00  feet  above  the  datum  of  the  gage. 

Width,  11  feet;  area,  14  square  feet;  mean  velocity,  1.71  feet  per  second;  gage 
height,  0.90  foot;  discharge,  24  second-feet. 
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l*eavine  Cre^k  near  Arrnour^  Ga. — This  stream  is  the  South  Fork  of 
Peachtree  Creek.  A  measurement  was  madeMav  20,  from  the  wooden 
bridge  on  the  Cheshire  Bridge  road,  about  1  mile  east  of  Armour, 
Ga.  The  bench  mark  is  the  top  of  the  head  of  the  upper  VK>lt  used  to 
bolt  the  second  rail  post  from  the  right  end  of  the  bridge  to  the  stringer 
at  the  lower  side  of  the  bridge.  Its  elevation  is  16.00  feet  above  the 
datum  of  the  gage. 

Width,  14  feet;  area,  13  square  feet;  mean  velocity,  1.23  feet  per  8e(Y>Dd:  gagt 
heij^ht,  0.85  foot;  dist^har^,  16  second- feet. 

Peachtree  On  eh  at  Aifmrnr^  Ga, — This  stream  is  a  tributary  of  Chat 
tahoochee  River.     A  measurement  was  made  May  20  from  the  South- 
ern Railway  bridge.     The  l)ench  mark  is  the  top  of  the  middle  stringvr 
at  its  center  on  the  downstream  side  of  the  bridge,  15.00  feet  above  the 
(latum  of  the  gage. 

Width,  27  feet;  area,  27  wjuare  feet;  mean  velocity,  1.22  feet  i>er  8e<.x>nd;  pun* 
height,  0.17  foot;  discharge,  38  pe<^ond-feet. 

Pedchtree  Creel'  near  BrotflwcHHl^  Ga. — Measurements  were  made  at 
the  wagon  bridge  1  mile  north  of  Brookwood,  on  the  Peachtree  niad. 
and  6  miles  north  of  Atlanta,  Ga.  The  bench  mark  is  the  top  of  th*' 
iron  plate  on  the  first  upright  from  the  right  end  of  the  bridge,  down- 
stream side,  28.00  feet  above  the  datum  of  the  gage. 

May  20:  Width,  43  feet;  area,  25  square  feet;  mean  velocity,  1.52  feet  persei'ond: 
gage  height,  0.68  foot;  discharge,  .'W  second-feet. 

April  9:  Width,  44  feet;  area,  37  nquare  feet;  mean  velocity,  1.54  feet  per  second; 
gage  height,  1.12  feet;  discharge,  57  second -feet. 

Nichijack  Creek  near  Nlckaja^k^  Ga, — This  stream  enters  Chatta- 
hoochee River  from  the  right,  about  1  mile  below  the  old  ga^ng  .sta- 
tion at  Oakdale,  Ga.  The  bench  mark  is  the  top  of  the  second  upstream 
iron  girder  from  the  left  end  of  the  bridge,  12  feet  from  the  end 
which  rests  on  the  center  pier,  15.00  feet  above  the  datum  of  the  gage. 
Measurements  were  made  by  wading  about  100  feet  above  the  South- 
ern Railway  bridge. 

October  8:  Width,  16  feet;  area,  lOwjuare  feet;  mean  velocity,  1.00  foot  fterse^'ond; 
gage  height,  0.92  foot;  difH'harge,  10  second -feet. 

October  8:  Width,  16  feet;  area,  11  .square  feet;  mean  velocity,  1.19  feet  i)er  second; 
gage  height,  0.94  foot;  discharge,  12.6  second-feet. 

Swerfir<ttt^r  Crfek  near  Lit  It  la  Sprivgn^  Ga. — This  stream  entei-s  Chat 
tahoochee  River  from  the  right  below  the  old  station  at  Oakdale,  (ia. 
A  measurement  was  made  March  15  at  Adair's  bridge,  2  miles  north  of 
Lithia  Springs,  and  above  the  regular  station  on  Sweetwater  Creek 
near  Austell,  Ga.  The  bench  mark  is  the  top  of  the  downstream  end 
of  the  cap  of  first  wooden  bent  from  the  left  end  of  the  bridge,  10.u» 
feet  above  the  datum  of  the  gage. 

Width,  66  feet;  area,  295  8(|uare  feet;  mean  velocity,  1.37  feet  per  second;  gage 
height,  1.50  feet;  discharge,  404  second-feet. 
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Sweetwater  Creek  7iear  Austell^  (ru.—A  measurement  was  made 
Alarch  15  at  Ferguson's  mill  bridge  5  miles  from  Austell.  The  bench 
mark  is  a  nail  driven  into  the  river  side  of  a  birch  tree  on  the  right 
bank  12  feet  Ijelow  the  bridge,  5.00  feet  above  the  datum  of  the  gage. 

Width,  129  feet;  area,  484  8(]uare  feet;  mean  velointy,  1.67  feet  per  second;  gage 
lieij?ht,  1.50  feet;  diHcharge,  807  second-feet. 

Flint  River  i^ear  Moutezuina^  Ga. — A  measurement  was  made  Sep- 
tember 21  at  the  highway  bridge,  about  1  mile  northwest  of  Monte- 
zuma. The  bench  mark  is  the  top  of  the  upstream  pier  at  the  left 
bank,  which  was  26.15  feet  above  the  water  surface.  The  gage  height 
given  is  that  taken  from  the  temporary  gage  belonging  to  the  United 
States  Weather  Bureau. 

Width,  188  feet;  area,  1,300  wiiiare  feet;  mean  velocity,  0.75  foot  jier  second;  gage 
h  ight,  lO.Hii  feet;  diwharge,  ^71  He<*ond-feet. 

Flint  River  near  Concord ^  Ga. — A  measurement  was  made  Septem- 
ber 24  from  the  wooden  bridge  5  miles  from  (Joncord.  The  bench 
mark  is  the  top  of  the  first  post  from  the  right  l>ank  on  the  down- 
stieam  side  of  the  bridge,  12.00  feet  above  the  datum  of  the  gage. 

Width,  92  feet;  area,  184  R<]uare  feet;  mean  velocity,  0.43  foot  per  second;  gage 
height,  2.05  feet;  discharge,  79  second-feet. 

Fliyit  River  ut^ar  Womlburf/^  Ga, — Measurements  were  made  at 
PowelTs  })ridge,  8  miles  above  the  regular  gaging  station  at  Wood- 
bury. The  bench  mark  is  the  top  of  the  right  upstream  post  of  first 
pier  from  the  right  bank,  15.00  feet  above  the  datum  of  the  gage. 

January  16:  Wi<lth,  139  feet;  area,  527  wjuare  feet;  mean  velocity,  1.39  feet  i)er 
seconil;  gage  height,  5.88  feet;  discharge,  730  second-feet. 

September  22:  Width,  116  feet;  area,  3ii2  square  feet;  mean  velocity,  0.43  foot  pel 
second;  gage  height,  4.54  feet;  discharge,  144  second- feet, 

October  4:  AVidth,  115  feet;  area,  314  square  feet;  mean  velocity,  0.34  foot  per 
second;  gage  height,  4.40  feet;  discharge,  107  second-feet. 

White  Oak  Creek  near  Rivenu'eiv^  Ga. — This  stream  enters  Flint 
River  from  the  right,  about  13  milps  above  the  regular  gaging  station 
on  Flint  River  at  Woodlnirv,  Ga.  A  measurement  was  made  March 
29  at  the  double  bridges  one-half  mile  from  Riverview.  The  bench 
mark  is  the  top  of  the  first  post,  9.00  feet  above  the  datum  of  the  gage. 

Width,  61  feet;  aren,  222  »juare  feet;  mean  velocity,  0.50  feet  i)er  second;  gage 
height,  2.36  feet;  discharge,  112  second-feet. 

White   Oak   Creek   near    Warnernville^   Ga, — A   measurement   was 

made  March  29  at  the  wagon  bridge  one-half  mile  west  of  \^'arners- 

ville.     The  bench  mark  is  the  top  of  the  first  post  on  the  downstream 

side  of  the  bridge,  18.00  feet  above  the  datum  of  the  gage. 

Width,  38  feet;  area,  163  square  feet;  mean  velocity,  0.71  foot  j)er  second;  gage 
height,  1.25  feet;  discharge,  115  second-feet. 

Red  Oak  Creek  near  Woodl/f/ri/,,  Ga.  -This  stream  is  tributarv  to 
Flint  River,  from  the  right,  3  miles  above  the  regular  gaging  station 
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on  Flint  River  at  Woodbury.  The  bench  mark  is  the  top  of  the  first 
post  from  the  right-bank  edge,  downstream  side,  15  feet  from  a  larjre 
white  oak  tree.  Its  elevation  is  20.00  feet  above  the  datum  of  tfai* 
gage.  Measurements  have  been  made  from  the  wagon  bridge  on 
the  road  to  Cioncord,  about  4  miles  from  Woodbury,  1  mile  above  the 
mouth  of  the  creek,  as  follows: 

January  16:  Width,  dS  feet;  area,  134  square  feet;  mean  velocity,  1.24  feet  per  st^- 
ond;  gi^  height,  4.12  feet;  discharge,  166  second-feet. 

October  4:  Width,  18  feet;  area,  27  square  feet;  mean  velocity,  0.68  foot  per  second; 
gage  height,  2.65  feet;  discharge,  18  second-feet. 

Big  Potato  Creek  near  Thommton^  Ga, — Before  the  section  n4>w 
adopted  as  a  regular  bench-mark  station  was  fotind,  two  measurement> 
of  Big  Potato  Ci*eek  were  made  at  the  covered  wagon  bridge,  2^^  milns 
from  Thoma^ton,  just  below  the  Macon  and  Birmingham  Kailrttail 
trestle.  The  bench  mark  is  the  top  of  the  downstream  lower  stringt  r 
at  sounding  point  80.     The  elevation  al)ove  gage  zero  is  15.00  feet. 

January  15:  Width,  82  feet;  area,  188  square  feet;  mean  velocity,  0.85  feel  j*r 
second;  gage  height,  3.30  feet;  discharge,  160  second-feet. 

March  31:  Width,  72;  area,  175  square  feet;  mean  velocity,  0.74  feet  per  s«e^x»iHi 
gage  height,  3.25  feet;  discharge,  130  second- feet. 

Blu^  Spring  n^^ar  Albany^  Ga, — ^This  spring  is  of  considerable  local 
note.  It  is  about  one-half  mile  from  the  left  bank  of  Flint  River,  and 
about  4  miles  below  Albany,  Ga.  Measurements  were  made  from  the 
foot  log  over  the  outlet  of  the  main  spring  as  follows: 

April  19:  Width,  25  feet;  area,  45  square  feet;  mean  velocity,  3.00  feet  per  seeoiHl 
gage  height,  3.29  feet;  discharge,  135  second-feet. 

September  23:  Width,  28  feet;  area,  30  square  feet;  mean  velocity,  1.47  feet  per 
second;  gage  height,  2.85  feet;  discharge,  44  second-feet 

November  16:  Width,  22  feet;  area,  21  square  feet;  mean  velocity,  1.24  feet  per 
second;  gage  height,  2.77  feet;  discharge,  26.4  second-feet. 

CIIOCTAWHATCHEE  DRAINAGE  BASIN, 

Choctawhatchee  River  drains  the  southeastern  part  of  Alabama,  ami 
that  portion  of  Florida  lying  immediatel}'  south.  The  main  river  rise> 
in  Barbour  County,  Ala.,  a  short  distance  west  of  Eufaula,  Ala.,  and 
flows  in  a  southwesterly  and  southerly  direction  through  the  Choctaw 
hatchee  Bay  to  the  Gulf  of  Mexico.  Pea  River  is  the  principal  tribu- 
tary and  enters  from  the  west  at  Geneva,  Ala.  This  branch  is  the 
longer  of  the  two,  measured  above  their  junction,  having  its  head  in 
Bullock  County  near  Union  Springs,  Ala.  Double  Bridges  Creek  In 
an  impoiiant  but  small  tributar^'^  'yi'^gT  between  the  main  branches, 
and  entering  Choctawhatchee  River  just  above  the  mouth  of  Pea  River. 
These  are  all  moderately  swift  streams,  even  at  low  water,  and  at  placts 
the  fall  is  sufficient  to  make  considerable  shoals  or  mpids,  and  offer 
pmcticable  sites  for  water-power  developments.     During  1904  the 
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ITnited  States  Geological  Surve}"^  established  and  maintained  gaging 
.stations  on  Choctawhatchee  River  near  Geneva,  Ala. :  on  Pea  River  at 
Pera,  Ala.,  and  on  Double  Bridges  Creek  at  Geneva,  Ala. 

CHOCTAWHATCHEE   RIVER  NEAR  GENEVA,  ALA. 

This  station  was  established  August  26,  1904:,  by  M.  R.  Hall.  It  is 
located  at  a  wagon  bridge  about  1  mile  from  Geneva  and  one-fourth 
mile  from  Eunola,  Ala.  The  gage  is  an  8-foot  vertical  scale,  graduated 
to  feet  and  tenths,  reading  from  1  to  9  feet,  and  continued  on  the  2 
I)}''  6  inch  scantling  to  which  it  is  attached.  This  scantling  is  fastened 
to  the  upstream  side  of  a  heavy  pile,  which  was  a  part  of  the  right  bent 
of  the  old  bridge  which  occupied  the  same  site  as  the  new  one.  This 
pile  is  the  second  from  the  downstream  end  of  a  line  of  5  set  up  and 
down  stream.  The  gage  is  read  once  each  day  by  James  McGowan. 
Discharge  measurements  are  made  from  the  downstream  side  of  the 
three-span  iron  drawbridge,  having  about  50  feet  of  trestle  approach 
on  either  end.  The  initial  point  for  soundings  is  the  left  end  of  the 
iron  bridge  on  the  downstream  side.  The  channel  is  straight  for  200 
feet  above  and  for  one-half  mile  below  the  bridge.  The  current  has 
a  fair  velocity.  The  right  bank  is  a  sand  bluflf  about  27  feet  high. 
There  are  a  few  trees  on  the  face  of  the  bluflf  and  the  top  is  wooded. 
The  left  bank  is  an  overhanging  rock  cliflf  to  a  height  of  about  10  feet, 
above  which  it  is  sandy  and  slopes  gradually  to  a  total  height  of  about 
27  feet.  Both  banks  are  subject  to  overflow.  The  bed  of  the  stream 
is  composed  of  firm  sand  for  the  greater  part,  there  being  some  rock  at 
the  left  bank,  and  is  clean  and  permanent.  There  is  one  channel  at  all 
but  very  high  stages,  when  both  banks  overflow,  and  a  second  channel 
is  formed  by  lower  ground  some  distance  from  river  on  the  right  bank. 
The  station  is  about  three-fourths  mile  above  the  mouth  of  Double 
Bridges  Creek  and  is  also  near  the  junction  with  Pea  River.  Back- 
water from  both  of  these  streams  will  affect  the  gage  heights  during 
times  of  unequal  rise,  and  the  station  is  maintained  only  temporarily 
for  low- water  measurements.  Bench  mark  No.  1  is  the  top  of  the 
downstream  end  of  the  fourth  floor  beam  from  the  right  end  of  the 
bridge,  this  being  the  first  beam  from  the  left  end  of  the  span.  Its 
elevation  is  32.00  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2 
is  a  large  wire  nail  in  the  river  side  of  a  c^'press  tree  on  the  right  bank, 
about  140  feet  below  the  bridge.  Its  elevation  is  12.07  feet  above  the 
zero  of  the  gage. 

The  station  was  discontinued  on  December  31,  1904. 
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Discharge  measurements  of  Chodaivhatchee  River  near  Genei^a,  Alcu,  in  1904- 


Date. 


Uydrographer. 


May 27 M.R.Hall.. 

June  21 !  B.S.Drane. 

AufsuBt26 1  M.R.Hall.. 

September  2(5 . .    J.M.Giles.. 

Septeml)er  26 do 

November  18  . .  |  B.  S.  Orane  . 
November  18 do 


Width. 


Area  of 
section. 


Feet. 
Ill 
117 
120 
102 
102 
118 
118 


Square /cei. 
418 
369 
801 
322 
313 
395 
397 


Menu 
velocity. 

Gage 
height. 

J}xt  per  gee. 

Feri. 

1.54 

2.07 

1.26 

1.63 

1.34 

4.  18 

1.50 

1.38 

1.47 

1.36 

1.62 

1.81 

1.60 

1.81 

Dtsrhu^ 


642 

4»>; 

l,07n 
48:5 
461 

6:/* 


Mean  daily  gage  height^  infeet^  of  Choclawhatchee  River  near  Geneva^  Ala.,  for  1HC*4- 


Day. 


Aug. 


1 

2 

3 

4 

5 

fi 

7 

8 

9 

10 

11 

12 

13 

14 

If) 

16 


Sept.  '   Oct. 


3. 
3. 
2. 
2. 

2. 
2. 
2. 
3. 
2. 
2. 
2. 
2. 
2. 
1. 
1. 
1. 


I 

50 
30 

85 
45 
50 
75 
SO  ' 
20  I 
90  j 
60  1 
45  i 
10  I 

ool 

90  ^ 

80 

80 


1.40 
1.50 
1.30 
1.25 
1.30 
1..S0 
1.45 
1.65 
1.45 
1.30 
1.80 
1.30 
1.35 
1.30 
1.25 
1.25 


Nov.   Dec, 


Day. 


1.25 
1.40 
2.a5 
2.40 
2.10 
1.80 
1.75 
1.70 
1.75 
1.60 
1.65 
1.50 
1.95 
2.20 
1.95 
1.90 


1.&5 
2.40 
6.10 
6.50 
4.95 
6.65 
5.75 
4.45 
3.85 
3.50 
3.40 
3.20 
2.90 
2.85 
2.80 
2.50 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Aug. 


Sept. 


Oct.    !  Kof .      I>H- 


4.20 
4.30 
5.80 
6.20 
4.50 
3.90 

1.70 

1.70 

1.65 

1.65  ^ 

1.60  i 

1.50 

1.50  ] 

1.60  I 

1.55 

1.40 

1.45 

1.50 

1.45 

1.45 


~~~   "■    ~      — 

1                            , 

1.15 

1.85  ! 

i:j» 

1.20 

1-9U  , 

2.» 

1.30 

'     1.75  ■ 

2.S' 

i.2r» 

l..*« 

IT' 

1.25 

j     1.70 

-I  -, . 

i.:«) 

l.«5 

L* 

1.25 

2.-W 

iL't 

1.10 

'     2.90 

'I.'-* 

1.10 

2.10 

'1  •'«! 

1.25 

1     2,00  : 

2  ^' 

1.80 

'     1.90 

4  ¥' 

1.30 

1.75 

t* 

1.30 

l.«0 

.Vil 

1.80 

!,?« 

fi« 

1.25 

Mn 

—    - 

. 

-  - 

DOUBLE   BRIEK^ES  CREEK   AT   GENEVA,  ALA. 

This  station  was  established  August  26,  1904,  by  M.  R.  HalL  It  i.< 
located  at  the  wagon  bridge  on  the  outskirts  of  Geneva,  Ala.,  about 
three-fourths  mile  above  the  mouth  of  the  creek.  The  gage  is  a  ver- 
tical scale  9  feet  long  graduated  to  feet  and  tenths  bolted  to  a  2-inch 
by  6-inch  scantling  which  is  spiked  to  the  upstream  side  of  a  cyprt^^ 
tree  on  the  left  bank  about  100  feet  below  the  bridge.  It  is  read  onct- 
each  day  by  James  McGowan.  Discharge  measurements  are  luadv 
from  the  upstream  side  of  the  single  span,  iron  bridge  to  which  the 
gage  is  attached.  The  initial  point  for  soundings  is  the  u{)stream  side 
of  the  left  end  of  the  iron  bridge.  The  channel  is  curved  for  aiiout 
200  feet  above,  and  sti*aight  for  about  600  feet  below  the  station.  The 
current  has  a  good  velocity.  I^th  Imnks  are  alx)ut  15  or  17  feet  higb. 
wooded  except  at  bridge,  and  are  subject  to  overflow.     The  bed  oi 
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the  stream  is  composed  of  sand,  and  is  clean  except  near  the  right 
bank  where  a  half  buried  tree  forms  an  obstruction.  There  is  but 
one  channel  at  all  stages. 

During  high  water  the  gage  heights  are  affected  by  back  water 
from  Choctawhatchee  River,  and  the  station  is  maintained  Qnly  tempo- 
rarily for  low-water  measurements.  Bench  mark  No.  1  is  the  bottom 
of  the  upstream  end  of  the  first  floor  beam  from  the  left  end  of  the 
bridge.  Its  elevation  is  19.80  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  2  is  a  chisel  cut  and  white  paint  mark  on  the  intermediate 
post  6  feet  above  bench  mark  No.  1.  Its  elevation  is  25.80  feet  above 
the  zero  of  the  gage. 

DMtarge  measure menU  of  Double  Bridget  (\eek  nt  Geneva,  Ahu,  in  1904. 


Date. 

Hydrographer. 

width. 

Area  of . 
section. 

Mean 
velocity. 

May  27 

June  21 

August  26 

September  26  . . 
September  26  . . 

M.  R.  Hall.... 

B.  S.  Drane 

M.  R.  Hall.... 

J.  M.Giles.... 

do 

Feet. 
45 
45 
62 
47 
47 
49 
49 

Square  fe^. 
90 
81 
244 
78 
94 
83 
94 

Feet  per  sec. 
1.38 
1.22 
2.59 
1.08  ! 
1.22 
1.22 
1.22 

November  18  . . 
November  18  . . 

B.  S.  Drane.... 
do 

heiX.      D'scharge. 


Fert. 
1.61 
1.24 
4.63 
1.45 
1.82 
1.52 
1.60 


Secondfeet. 
124 

99 
633 

84 
115 
101 
115 


Mean  daily  gage  height,  in  feet,  of  Double  Bridges  Creek  at  Geneva,  Ala.,  for  1904. 


Day. 


Aug. 


Sept. 


1 ' 

3.10 
2.50 
2.20 
2.10 
2.10 

2 

3 

4 

ft 

6 

2.40 

7 

2.50 

2.85 

1 
9 

1.85 

1 
10 

1.90 

11 

1.80 

12 

1.60 
1.40 
1.50 

13 

14 

15 

1.90 

IG 

1.40 

Oct 

Nov. 

1.35 

1.45 

1.26 

1.80 

1.00 

2.70 

1.00 

2.70 

1.80 

2.10 

1.05 

1.70 

1.45 

1.65 

1.70 

1.40 

1.06 
1.16 
1.15 
l.Oi 
1.15 
1.10 
..S.'» 
1.10 


l.SO 
1.15 
1.40 
1.46 
2.40 
2.05 
1.75 
l.fiO 


Dec. 

1.40 
3.36 
5.90 
4.80 
5.25 
6.40 
4.30 
2.95 
2.50 
2. 75 
2.60 
•2.50 
2.00 
2.10 
2. 15 
2.a5 


Day. 


17. 

18. 

19. 

•20. 

21. 

22. 

23. 

21. 

•2.'>. 

'26 

•27. 

'28. 

'29. 

30. 

31. 


Aug.  '  Sept 


Oct. 


4.90 
5.50 
4.60 
3.00  I 
3.00 


1.40 
1.65 
1.75 
1.30 
1.30 
1.20 
1.55 
1.35 
1.45 
1.25 
1.40 
1.30 
1.30 
1.35 


Nov.  I  Dec. 


.90 
1.10 
1.20 
1.06 

.85 

.90 
1.10  * 

.90 
1.00 

.90 
1.06 
1.10 
1.30 
1.40 
1.10 


1.60 
1.70 
1.40 
1.60 
1.60 
1.70 
2.46 
2.80 
1.90 
1.45 
1.75 
1.15 
1.70 
1.60 


2.35 
2.60 
2.80 
2.00 
1.95 
2.05 
1.90 
2.10 
1.90 
2.06 
2.06 
4.80 
4.80 
3.30 
2.60 


PEA    KIVER   AT   PERA,  ALA. 

This  station  was  established  August  27, 1904,  by  M.  R.  Hall.     It  is 
located  at  the  Elton  wagon  bridge,  about  one-half  mile  west  of  Pera, 
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Ala. ,  a  station  on  the  Georgiana  and  Graceville  Branch  of  the  Loui>- 
ville  and  Nashville  Railroad.  A  chain  gage  is  fastened  to  the  top  plank 
of  the  upstream  fencing  of  the  bridge,  with  the  pulley  end  of  the  box 
abutted  against  the  intermediate  post  over  the  second  floor  beam  f  n.>m 
the  right  bank.  The  scale  is  attached  to  the  top  of  the  plank.  The 
length  of  the  chain  from  the  end  of  the  weight  to  the  marker  h*  4^.!fi) 
feet.  The  gage  is  read  once  each  day  by  W.  G.  Early,  who  is  paid  h\ 
the  Alabama  Geological  Survey.  Discharge  measurements  are  made 
from  the  downstream  side  of  the  single-span  bridge  to  which  the  gage  i- 
attached.  The  initial  point  for  soundings  is  the  outside  of  the  down 
stream  tubular  iron  pier  at  the  right  bank.  The  channel  curves  to 
the  left  alx>ut  150  feet  alx)ve  the  station,  which  tends  to  throw  the 
greatest  current  velocity  along  the  right  bank,  and  is  straight  liclow 
the  station  for  about  1,000  feet.  The  current  has  a  fair  velocity. 
The  right  bank  is  composed  of  rock,  vertical  for  about  20  feet  from 
low-water  level,  and  is  free  from  vegetation.  The  left  Imnk  is  com- 
posed of  sand  and  umd,  rising  gi*adually.  It  is  wooded  above  and 
below,  but  cleared  at  the  bridge.  Both  banks  are  subject  to  overflow 
during  extreme  high  water.  The  bed  of  the  stream  is  composed  of 
smooth  rock  toward  the  right  bank  and  sand  toward  the  left^  There 
is  one  channel  at  all  stages.  Bench  mark  No.  1  is  the  top  of  the  down- 
stream end  of  the  first  floor  beam  from  the  right  pier.  Its  elevation 
is  42.00  feet  above  gage  datum.  Bench  mark  No.  2  is  a  chisel  mark 
on  the  intermediate  post  at  downstream  end  of  the  first  floor  beam 
from  right  bank,  5  feet  above  bench  mark  No.  1.  Its  elevation  i^ 
47.00  feet  above  the  datum  of  the  gage.  Bench  mark  No.  3  is  the  top 
of  the  upstream  end  of  the  second  floor  beam  from  the  right  bank. 
Its  elevation  is  42.03  feet  above  the  datum  of  the  gage.  Bench  mark 
No.  4  is  a  chisel  mark  on  the  post  4.97  feet  above  bench  mark  No.  3. 
Its  elevation  is  47.00  feet  above  gage  datum. 


Discharge  measurememts  of  Pea  River  at  Pera,  Ala.,  in  1904* 


Date. 


May  26 1  M.  R.  Hall  .. 

June  22 ,  B.  S.  Draiie.. 


August  27 

September  27 
September  27 
November  17 
November  17 


M.  R.  Hall  . 
J.  M.  Giles  . 

do 

B.  S.  Drane. 
do 


68 
67 
81 
64 
64 
70 
70 


Area  of 
section. 


Sqiiarc/ed. 


HA 


I.L   AND"! 
JOYT.      J 


ESCAMBIA    RIVER   DRAINAGE    BASIN. 
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Mean  daily  gage  height^  in  feet,  of  Pea  Hirer  at  Peru,  Ala,^  for  1904. 


Day, 

Aug. 

Sept. 

5.3 
4.5 
3.9 
3.3 
3.5 
3.6 
4.6 
4.8 
3.7 
3.4 
3.0 
2.8 
2.6 
2.4 
2.2 
2.3 

Oct. 

1 

1.6 

2 

1.4 

3 

1.4 

4 

1.4 

1.4 

6 

1.4 

7 

2.1 

8 

1.7 

9 

1.6 

10 

1.5 

11 

1.6 

12 

1.6 

13 

1.5 

14 

1.6 

15 

1.4 

16  ............ 

1.5 

1 
1 

1.3 
1.4 
2.0 
2.2 
2.1 
2.2 
2.1 
2.0 
2.0 
1.9 
2.0 
1.8 
2.2 
2.3 
2.4 
2.3 


Dec. 


2.2 
3.2 
5.8 
4.4 
6.1 
7.6 
6.1 
5.4 
5.0 
4.5 
4.2 
4.0 
3.7 
8.6 
3.4 
3.3 


'\ 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
21. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Aug. 


4.7 
6.9 
7.5 
7.1 
6.2 


Sept. 

2.3 
2.1 
1.9 
1.5 
1.6 
1.8 
1.5 
1.4 
1.6 
1.5 
1.6 
1.6 
1.6 
1.6 


Oct. 

1.3 
1.8 
1.4 
1.4 
1.4 
1.4 
1.3 
1.2 
1.2 
1.3 
1.4 
1.3 
1.4 
1.4 
1.4 


Nov.  ,  Dec. 


2.2 
2.2 
2.1 
2.2 
2.1 
2.3 
2.6 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2,2 


3.3 
3.4 
3.5 
3.4 
8.3 
3.8 
3.2 
3.1 
3.0 
3.2 
4.9 
7.6 
8.0 
7.0 
6.5 


ESCAMBIA  RIVER  DRAINAGE  BASIN.       - 

Escambia  River  drains  the  south-centml  portion  of  Alabama  and 
empties  into  the  Gulf  of  Mexico  through  Escambia  Bay  and  Pensacola 
Bay.  Conecuh  River  joins  the  Escambia  about  5  miles  south  of  the 
Alabama-Florida  State  line,  and  is  very  much  the  larger  of  the  t\?o 
branches.  Conecuh  River  rises  in  Bullock  County,  Ala.  J  very  close  to 
the  headwaters  of  Pea  River  in  the  Choctaw  ha  tehee  drainage,  and 
flows  southwesterly  throughout  its  courae.  Pigeon  and  Patsaliga 
creeks,  both  from  the  west,  are  the  principal  tributaries  of  Conecuh 
River.  The  Conecuh  and  its  tributaries  are  swift  streams  and  at 
places  there  are  rocky  shoals  or  rapids.  During  190-4  the  United 
States  Geological  Survey  established  and  maintained  a  gaging  station 
on  Conecuh  River  at  Beck,  near  Andalusia,  Ala. 

CONECUH    RIVER   AT   BECK,  ALA. 

This  station  was  established  August  24,  1904,  by  M.  R.  Hall.  It  is 
located  at  Simmons  Bridge  at  Beck,  Ala.,  and  about  12  miles  below 
the  mouth  of  Patsaliga  Creek.  The  nearest  railway  station  is  Anda- 
lusia, Ala.,  8  miles  east,  on  the  Centml  of  Georgia  and  Louisville  and 
Nashville  railways.  A  chain  gage  is  fastened  to  the  channel- iron  fenc- 
ing post  which  is  riveted  to  the  upstream  end  of  the  first  floor  beam  of 
the  main  span,  72  feet  from  the  initial  point  for  soundings.  The  gage 
box  and  scale  are  bolted  to  a  2-inch  by  6-inch  scantling,  which  is  bolted 
horizontally  to  this  post  and  the  main  end  post.  The  length  of  the 
chain  from  the  end  of  the  weight  to  the  marker  is  53.50  feet.  The 
gage  is  read  once  each  day  by  VV.  R.  Duggan,  who  is  paid  by  the  Ala- 
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bama  Geological  Survey.  Discharge  measurement  are  made  from 
the  upstream  side  of  the  iron  bridge  to  which  the  gage  is  attached. 
The  bridge  consists  of  a  main  span  125  feet  long  with  a  5()-foot  span  at 
each  end.  The  approach  on  the  right  bank  is  50  feet  of  wooden  and 
90  feet  of  iron  trestle;  on  the  left  bank,  20  feet  of  wooden  trestlr. 
The  initial  point  for  soundings  is  the  end  of  the  iron  bridge  at  the  l«»ft 
bank  on  the  upstream  side.  The  channel  is  straight  for  600  fwt 
above  and  for  about  one-half  mile  below  the  station.  The  current  is 
fairly  swift.  Both  banks  are  steep.  The  right  bank  is  composed  of 
rock  to  a  height  of  about  8  feet,  then  earth  covered  with  bushes  to  a 
total  height  of  about  30  feet,  and  is  subject  to  overflow.  The  left 
bank  is  composed  of  rock  to  a  height  of  from  15  to  20  feet,  then  earth 
covered  with  bushes  to  a  total  height  of  about  35  feet,  and  overflows  only 
at  extreme  high  water.  The  bed  of  the  stream  is  composed  of  tine 
sand,  there  being  some  smooth  rock  along  the  left  bank.  There  arc- 
some  sunken  logs  in  the  section  which  obstruct  the  current  to  some 
extent.  There  is  one  channel  at  all  stages.  Bench  mark  No.  1  is  the 
top  of  the  upstream  end  of  the  first  iron  floor  beam  of  the  main  span 
from  the  left  pier.  Its  elevation  is  47.50  feet  above  gage  datum. 
Bench  mark  No.  2  is  the  top  of  the  iron  channel-bar  post  to  which  the 
gage  is  fastened.     Its  elevation  is  52.17  feet  above  the  zero  of  the  gage. 


Discharge  mecumrements  of  Conecuh  River  al  Bee.k^  Ala.,  in  1904- 


Date. 


May  26 

June  24 

August  24 

September  28 
September  28 
November  19 
November  19 


Hydrc^mpher. 


M.  R.  Hall.... 
B.  S.  Drane... 
M .  R.  Hall. . . . 
J.  M.  (liles  ... 

do 

B.  S.  Drane.. - 
do  .•. 


Width. 
Feet. 

Area  of 
section. 

Square  Jeet. 

110 

274 

109 

231 

115 

392 

108 

232 

108 

237 

111 

245 

111 

245 

* 

Mean 
velocity. 


f^ci  per  nee. 
1.17 
1.03 
1.50 
1.06 
1.03 
1.19 
1.18 


Ga^e 
height. 


Feet. 
1.67 
1.18 
2.63 
1.20 
1.20 
1.40 
1.40 


Dischazigf. 


Setumd-fcft. 
320 
23S 

243 
244 
292 

290 


YIALL  AND"! 
HOYT.      J 


MOBILE   RIVER   DRAINAGE    BASIN. 


127 


.\fean  daily  gage  heigldj  in  feet,  of  Conecuh  River  at  Berk,  Ala.,  for  J  904. 


Day. 

Aug. 

1 

o 

1 

3 

4 

. 

5 

6 

7 

K 

1 
«> 1 

10 

11 

1-2 

13 

H 

15 

16 

Sept. 


3.50 
2.80 
2.90 
5. 35 
4.10 
3.40 
2.90 
2.30 
2.20 
2.20 
2.00 
1.70 
1.80 
1.60 
1.60 
1.50 


Oct. 

Nov. 

0.80 
.90 
1.45 
1.40 
1.25 
1.25 
1.30 
1.36 
1.85 
1.30 
1.30 
1.15 
1.35 
1.40 
1.20 
1.20 

Dec. 

1.50 
2.30 
2.60 
2.65 
4.00 
3.70 
3.35 
3. 3D 
3.00 
2.90 
2.80 
2.50 
2.40 
2.35 
2.20  , 

2.20  1 

1 

1 

Day. 
__.._ 

17 

Aug. 

Sept. 

1.30 
1.40 
1.20 
1.20 
1.00 
1.40 
1.30 
1.20 
1.20 
1.00 
1.00 
I.a5 

i.a5 

1.10 

1.10 

1.00 

18 

1.00 

19 

.70 

20 

.80 

21 

.85 

22 

1.30 

28 

....... 

1.00 

24 

3.60 
4.70 
3.10 
2.90 
5.70 
4.50 
4.00 
3.50 

1.00 

25 

1.05 

'  26 :... 

.85 

27 

1.00 

1     ' 

28 

.95 

29 

.95 

30 

.80 

31 

.80 

Oct. 


0.85 
.90 
.95 
.95 
.80 
.80 
.80 
.85 
.90 
.90 
.90 
.90 
.90 
.85 
.86 


Nov. 

1.40  , 

1.40  , 

1.40  I 

1.35 

1.35 

1.70 

1.86 

1.50 

1.80 

1.86 

1.70 

1.70 

1.60 

1.60 


Dec. 

2.20 
2.20 
2.10 
2.00 
2.00 
1.80 
1,75 
1.75 
1.80 
1.86 
1.95 
4.40 
3.50 
3.60 
3.50 


MOBIIjIQ  river  DRAINAGE  BASIN. 

This  is  the  largest  drainage  basin  in  Georgia  and  Alabama,  and  is 
designated  the  Mobile  basin  because  its  waters  all  enter  the  Gulf 
tlirough  Mobile  River  at  Mobile,  Ala.  It  is  formed  as  follows:  Begin- 
ning at  the  headwaters,  Cartccay  and  Ellijay  rivers  unite  at  Eilijay, 
(xa.,  to  form  Coosa wattee  River.  Just  above  Resaca,  Ga.,  this  unites 
with  the  Conasauga  to  form  Oostanaula  River.  At  Rome,  Ga.,  the 
Oostanaula  and  the  Etowah  unite  to  form  Coosa  River.  Six  miles 
above  Montgomery,  Ala.,  the  Coosa  and  the  Tallapoosa  unite  to  form 
Alabama  River;  and  not  far  from  the  coast  the  Tombigbee  unites  with 
the  Alabama  to  form  Mobile  River,  which  flows  into  Mobile  Bay,  an 
arm  of  the  Gulf  of  Mexico. 

Cahaba  River  is  the  principal  tributary  of  the  Alabama  and  joins  it 
about  10  miles  below  Selma.  Hillal)ee  Creek  flows  into  Tallapoosa 
River  just  above  Stuidevant  and  near  Alexander.  Talladega  Creek  is 
a  tributary  of  tlie  Coosa. 

Tombigbee  River  rises  in  the  northeastern  part  of  Mississippi  and 
enters  Alabama  in  Pickens  County.  Its  principal  tributary  is  the 
Black  Warrior,  which  is  formed  by  the  junction  of-  Mulberry  Fork 
and  Sipsey  Fork.  Locust  Fork  enters  the  Black  Warrior  some  dis- 
tance below  the  junction. 

The  following^ages  give  the  results  of  the  data  collected  in  this 
drainage  during  1904: 

ALABAMA   RIVER  AT  SELMA,  ALA. 

This  station,  which  was  originally  established  by  the  United  States 
Engineer  Corps,  is  now  maintained  by  the  United  States  Weather 
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Bureau.  The  station  is  at  the  iron  highway  bridge  one  block  from 
Water  street,  Selma,  Ala.  The  gage  is  in  two  sections.  The  first 
section,  reading  from  —  3  to  +  5.1  feet,  is  fastened  to  the  lower  side 
of  the  coflFerdam  on  the  second  pier;  the  upper  section,  reading  from 
6.1  to  55  feet,  is  bolted  to  the  draw  pier.  Discharge  measurenient*^ 
are  made  from  the  bridge  and  the  trestle  approach  on  the  left  bank. 
The  initial  point  for  soundings  is  the  end  of  the  drawbridge  on  the 
right  bank,  upstream  side.  The  channel  abov^e  the  station  is  slightly 
curved  for  1,000  feet  and  straight  for  2,000  feet  below  the  station. 
The  velocity  is  good  and  the  current  is  regular.  The  right  bank  isJ 
high  and  rocky  and  will  not  overflow.  The  left  bank  is  high,  but 
overfows  at  extreme  high  water.  The  bed  is  mostly  soft  blue  To<»k, 
and  the  water  is  confined  to  one  channel.  Bench  mark  No.  1  is  an 
iron  bolt  driven  into  the  rock  bluff  182  feet  from  the  first  pier  on  the 
road  leading  up  from  the  boat  landing;  its  elevation  is  26.00  feet  above 
the  zero  of  the  gage  and  88  feet  above  mean  sea  level.  Bench  mark 
No.  2  is  the  top  of  the  capstone  of  the  pivot  pier.  Its  elevation  is 
56.00  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  the  edge 
of  the  coping  on  the  right  bank  abutment,  just  under  the  downstream 
side  of  the  drawbridge;  its  elevation  is  59.51  feet  above  the  zero  of 
the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 


Discharge  measurements  of  Alabama  River  at  Selma,  Ala.,  in  190S  and  1904^ 


Date. 


1903. 

April  10  a 

June  19  « 

November  11  'f 


Hydrogrrapher. 


J.  M.  Giles  1.. 

do 

do 


J.  M.  CJiles 
do 


1904. 

January  22  * . . 

January  23  * . . 

April  8'> do 

August  5  & do 

....do 
....do 
....do 


August  5  ft  .  - . 
November  1 « 
November  I « 


width. 

Area  of 
Hertion. 

Sfiuare/cet. 

Feci. 

497 

12,600 

401 

5,461 

258 

3,298 

397 

4,864 

402 

5,a59 

386 

4,746 

391 

5,131 

391 

5,100 

235 

2, 473 

235 

2,492 

Mean 
velocity. 


Ftet  per  nee.        Fed, 


4. 69  22. 35 
3. 44  6. 45 
2.51         1.00 


3.33 

3.37  ' 

2.74 

2.85 

2.74 

1.08 

1.12 


5.20 
5.55 
4.20 
4.60 
4.30 
-2.20 
-2.20 


1 


.59, 1(1) 
18.8'J'* 

8.2V0 

16,  LW 
17,lVii> 

13, 010 
Hau- 
ls, 97«  ' 

2,78^ 


a.  Wagon  bridge. 


b  Measured  at  Louisyille  and  Nashville  Railroad  bridge. 


I A  LI.   AND~I 
HOYT.       J 


MOBILE    RIVER    DRAINAGE    BASIN. 


129 


Mean  daily  gage  height^  infeety  of  AUthama  River  at  iklnuiy  Ala.^  for  1904. 


Day. 


I.. 

2.. 

3.. 
4.- 

f>.. 
6.. 
/  . . 

8.. 

9.. 

10.. 

U.. 

12.. 

13.. 

14.. 

Lt.. 

16.. 

17.. 

18., 

19. 

20. 

21. 

22. 

23. 

21. 

2.S. 

26. 

27. 

2«. 

29. 

30 

31. 


Jan. 

1.6 
1.1 
1.0 
1.0 
1.0 
.9 
.9 
1.0 
1.0 
1.9 
2.6 
3.9 
5.2 
4.0 
S.6 
2.7 
2.8 
3.7 
4.1 
i.l 
4.5 
4.7 
5.6 
10.9 
12.9 
12.0 
10.9 
•9.7 
8.1 
6.6 
5.4 


Feb. 

Mar. 

4.7 

8.3 

4.0 

7.0 

3.8 

6.1 

3.8 

6.7 

3.6 

5.5 

3.5 

5.4 

4.0 

5.4 

6.8 

6.1 

11.0 

9.7 

15.6 

11.0 

19.6 

10.8 

21.0 

10.0 

21.5 

9.0  ! 

19.9 

17.0 

13.0 

9.9 

7.6 

6.1 

5.7 

6.0 

7.0 

8.3 

10.0 

11.8 

12.0 

12.6 

10.8 

9.7 


7.9 
7.0 
7.3 
9.4 
11.0 
11.3 
10.1 
8.9 
7.5 
6.5 
5.7 
5.1 
5.8 
8.0 
9.4 
9.7 
9.2 
8.3 


Apr. 

7.4 
6.5 
6.7 
6.1 
4.6 
4.2 
4.0 
4.2 
5.1 
6.5 
7.4 
7.0 
7.2 
7.2 


May.    June. 


July.  I  Aug.     Sept 


2.0 

2.1 

2.1 

2.0 

1.9 

1.6 

1.4 

1  2  ' 
I 
1.2 

1.2 

1.1 

1.1  I 

1.1  ' 

.8  ' 


6.4 

1.4 

5.2 

1.6 

4.1 

1.6 

8.8 

1.4 

3.1 

1.0 

2.9 

1.0 

2.8 

.8 

2.5 

.6 

2.8 

.5 

2.1 

.2 

2.1 

.0 

2.0 

.0 

1.9 

-  .2 

1.9 

-  .4 

1.9 

-  .5 

1.9 

-  .5 

-  .2 

0.0 

1.3 

2.8  ; 

3.0  i 

2.8  I 

2.6 

2.7 

2.3 

2.0 

2.2 

2.2 

1.4 
.8 
.7 
.5 
.2 
.0 

-  .8 
.3 

-  .4 

-  .5 

-  .6 
-1.1 
-1.1 
-1.1 

1.1 
-1.0 

-  .6 

-  .3 

-  .8 


0.5 
3.9 
2.8 
2.6 
2.6 
1.9 
2.0 
1.7 
1.5 

.8 
1.3 
1.3 
1.3 

.9 
1.7 
2.0 

.8 

.5 
•  .1 

-  .3 

-  .1 
.0 
.1 
.6 
.8 
.8 
.7 
.5 
.4 
.8 
.9 


1.5 

2.0 

3.6 

4.5 

4.8 

3.5 

4.8 

8.7 

16.4 

22.5 

22.9 

20.3 

17.5 

15.6 

11.0 

9.1 

7.5 

6.6 

5.8 

5.2 

4.0 

3.5 

2.7 

2.0 

1.8 

2.5 

3.0 

4.0 

3.7 

4.0 

3.8 


2.9 

2.0 

1.6 

1.2 

1.2 

.9 

.6 

.3 

.3 

.4 

.3 

.2 

-  .2 

-  .4 

-  .8 

-  .9 

-  .9 
-1.0 
-1.0 
-1.2 
-1.2 
-1.3 
-1.3 
-1.3 

1.4 
-1.4 

-  .9 

-  .4 

-  .7 
-1.2 


Oct. 

Nov. 

Dec. 

-1.3 

-1.8 

-0.9 

-1.4 

-1.8 

-  .9 

-1.4 

-1.8 

-  .9 

-1.4 

-1.6 

-  .8 

-1.5 

-1.6 

-  .6 

-1.6 

-1.6 

-  .1 

-1.6 

-1.6 

.4 

-1.7 

-1.6 

.7 

-1.8 

-1.8 

2.0 

-1.8 

-1.8 

3.4 

-1.8 

-1.6 

4.0 

-1.8 

-1.6 

4.5 

-1.8 

-1.4 

4.5 

-1.8 

-1.4 

4.0 

-1.8 

1.4 

3.0 

-1.8 

-1.4 

2.6 

-1.8 

-1.4 

2.0 

-1.8 

-1.4 

1.6 

-1.8 

-1.4 

1.0 

-1.8 

-1.4 

1.0 

-1.8 

-1.4 

.5 

-1.8 

-1.4 

.5 

-1.8 

-1.2 

-  .5 

-1.8 

-1.0 

-1.4 

1.8 

.6 

-1.6 

-1.8 

-  .6 

-1.6 

-1.8 

-  .6 

-1.6 

-1.8 

-  .6 

.0 

-l.H 

-  .8 

1.0 

-1.8 

-  .9 

6.4 

-1.8 

■«••■•• 

6.7 

Ruling  table  for  Alabama  Rirer  at  Selma,  AUu,  from  January  1  to  December  SI,  1904. 


CiHge 
height. 


Discharge. 


Dischai^ge. 


Fed. 

Second-feet. 

-  2.20 

2,700 

-2.10 

2,850 

2.00 

3,000 

1.90 

3,150 

-1.80 

3,300 

-1. 70 

3,450 

-1.60 

3,600 

1.50 

3,750 

-1.40 

3,900 

-1.30 

4,0)0 

-1.20 

4,200 

1.10 

4,350 

-1.00 

4,500 

-  .90 

4,660 

.eSUft.      Dl-^harKC. 


Gage 
height. 


Feet. 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 


Second-Ject. 

7,800 

8,700 

9,600 

10,550 

11,500 

12, 450 

13,400 

14,400 

15,400 

16,450 

17,500 

18,550 

19,600 


Feet. 

7.50 

8.00 

8.50 

9.00 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 


Discharge. 

Sccimd-Jcct. 
20,700 
21,800 
22,900 
24,000 
26,300 
28,600 
31,000 
X^,  450 
36,000 
38,600 
41,300 
44,000 
46,700 
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The  preceding  table  is  fairly  well  defined  to  gi^  height  3.4  feet  The  table  ha?^ 
been  extended  beyond  this  limit.  It  is  baaed  upon  discharge  measuremente  waA>^ 
during  1900-1904.  Above  gage  height  18  feet  the  rating  curve  is  a  tangent,  tbt 
difference  being  275  per  tenth. 

EsLimalcd  monthly  dUcharge  of  Alabama  River  at  Sdma,  Ala.,  for  1904^ 

[Drainage  area,  16,400  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September . 

October 

November 

December 

The  year 


Dischange  in  second -feet. 


Run-off. 


Maximum. 

Minimum. 

Mean. 

8ccond-feei 

perMuare 

mile. 

Incfcft. 

33,200 

7,630 

14,830 

0.963 

1.11 

56,320 

12,450 

27,160 

1.76 

l.i«t 

29,320 

15, 610 

21,890 

1.42 

1.64 

20,480 

9,420 

14,130 

.918 

1.02 

9,790 

5,300 

7,726 

.502 

.5> 

11,600 

4,350 

7.259 

.471 

.'^' 

13, 210 

5,620 

8,088 

.525 

.f4^- 

60,180 

8,700 

21,510 

1.40 

1.61 

11,310 

3,900 

5,865 

.381 

.  41^^ 

4,050 

3,300 

3,421 

.222 

.iv 

5,140 

3,300 

3,981 

.258 

.--s^ 

18, 970 

3,600 

8,467 
12,030 

.550 

.ri:>4 

60,180 

3,300 

.781 

10.  .>^ 

ETOWAH   RIVER  AT  CANTON,  GA. 

This  station  was  established  in  1892  by  the  United  States  Weather 
Bureau.  *  Measurements  were  begun  in  1896  by  the  United  Statx?^?  GetH 
logical  Survey.  It  is  located  at  the  wagon  bridge  in  Canton,  Ga.,  one- 
half  mile  above  the  mouth  of  Canton  Creek  and  1,000  feet  upstream 
from  the  Atlanta,  Knoxville  and  Northern  Railway  station.  The  ga^ 
is  a  heavy  vertical  timber,  bolted  to  the  edge  of  the  left-hank  pier,  on 
the  upstream  side.  The  foot  marks  are  numbered  with  bi*as.s  figiin»>. 
The  gage  is  read  once  each  day  by  J.  M.  McAfee,  who  is  paid  by  thf 
United  States  Weather  Bureau  for  six  months  of  the  year  and  bv  tht* 
Georgia  Geological  Survey  for  the  other  six  months.  Discharge  nica> 
urements  are  made  from  the  upstream  side  of  the  iron  highway  bridp'. 
which  is  about  25  feet  above  low  water,  and  to  which  the  gage  is  attache*!. 
The  initial  point  for  soundings  is  the  river  side  of  the  right-bank  pier 
at  the  end  of  the  main  span.  The  channel  is  straight  for  1,000  f(*ei 
above  and  600  feet  below  the  bridge.  The  current  is  affected  by  a  ll?h- 
trap  dam  about  1  foot  high,  which  was  constructed  in  1902,  and  which  ha«« 
since  caused  some  trouble  by  being  occasionally  washed  awaj^  and  built 
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up  again.  Up  to  3  feet  gage  height  the  river  is  only  116  feet  wide  and 
flows  between  the  piers  on  its  lower  banks.  '  Up  to  about  14  feet  it  is 
confined  between  its  upper  banks,  which  are  the  abutments  at  the  outer 
end  of  the  approaches.  Above  this  point  it  begins  to  overflow  the 
>>ottom  lands.     The  bed  is  fairly  constant. 

Bench  mark  No.  1  is  a  cut  on  a  silver  maple  tree  on  the  east  side  of 
tho  road,  20  feet  from  the  end  of  the  bridge  on  the  south  or  left  bank 
of  the  river;  its  elevation  is  20.36  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  2  is  a  cut  on  a  persimmon  tree  4  feet  from  the  upper 
side  of  the  bridge  and  10  feet  toward  the  river  from  the  south  end  of 
the  bridge;  its  elevation  is  16. 88  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  3  is  the  center  of  the  head  of  a  large  wire  nail,  driven  hori- 
zontally in  the  side  (toward  the  river)  of  a  walnut  tree  on  the  east  side 
of  the  road,  25  feet  north  of  the  north  end  of  the  bridge;  its  elevation 
is  18.52  feet  above  the  zero  of  the  gage.  Bench  mark  No.  4  is  the  top  of 
the  iron  bar  on  the  top  of  the  left-bank  pier  at  the  end  of  the  center 
span  of  the  bridge;  its  elevation  is  23.39  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Etowah  River  at  Canton,  Ga.,  in  1903  and  1904» 


Date. 


1903. 
January  28.. 
March  27 . . . 
April  27.... 

June  25 

June  25 

September  4 
September  4 
October  10.. 


Hydroflrrapher. 


1904. 
January  15 
March  3 . . 
May  17 
July  26 
July  26 
September  1 
Octol)er8.. 

October  8 : do  . . . 

October  13 1  O.  P.  Hall 


M.  R.  Hall  .. 
O.  P.  Hall ... 
E.  C.  Murphy 
M.  R.  Hall  . . . 

do 

do 

do....... 

do 


M.  R.  Hall 
O.  P.  Hall . 

do 
M.  R.  Hall 

do 
O.  P.  Hall . 
M.  R.  Hall 


Width. 


J^et. 


114  I 
113  j 
108 
105 

ia5 1 

109  I 

ia5 1 

105 

107  j 


438 
437 
398 
414 
385 


Area  of 
section. 

Mean 
velocity. 

Gaffe 
height. 

FeH. 

Diachargc. 

iiquare/eet. 

Feet  per  eec. 

Second-feet. 

568 

1.62 

1.07 

922 

765 

3.35 

2150 

2,562 

669 

2.80 

1.80 

1,873 

563 

2.07 

.94 

1,166 

563 

1.99 

.93 

1,119 

520 

1.10 

.51 

570 

523 

1.10 

.51 

575 

525 

.98 

.60 

513 

531 

1.02 

.50 

542 

529 

1.55 

.78 

821 

460 

1.08 

.18 

497 

437 

.75 

.04 

328 

.74 
.86 
.50 
.55 
.45 


.04  I 
.06  . 
.38 
.25 
.38 


324 
374 
197 
227 
171 
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Mean  daily  gage  height^  in  feel,  of  Elotvah  River  at  Canton,  Go.,  for  1904- 


Day. 

Jan. 
0.4 

■  ■ 

.5 
.5 
.5 
.5 
.6 

Feb. 

Mar. 

Apr. 

May. 

June. 

1.3 
.6 
.3 
.1 
.0 
.0 
.5 
.2 
.0 

July. 

Aug. 

Sept. 

Oct.      Not.     Pe, 

1. 
2. 
3. 
4. 
6. 
6. 
7. 
8 
9 
10 

.11 

0.6 
.6 
.6 
.6 
.6 
.6 
.7 
1.6 
1.0 
.6 
.6 

0.7 
.7 
.9 
.7 
.7 
.7 
2.1 
1.7 
.9 
.8 
.8 

0.6 
.6 
.6 
.4 
.4 
.4 
.7 

1.0 
.9 
.8 
.7 

0.6 
.4 
.3 
.3 
.3 
.2 
.2 
.8 

l.l 
.6 
.3 

0.5 

0.5 

0.1 
.1 
.1 
.3 
.3 
.3 
.1 
.0 

1 
-0. 4         0. 

0      :•-. 

.4 
.3 

1.2 
1.2 

~   .4 
-   .3 

-  .3 

-  .4  i        . 

-  .8 

-  .3 

-  .3 

-  .4  1 

1             4 

2           .4 

.2          .5 

3 

.6 
.4 
.2 
.8 
.1 
.0 
.0 

2.6 
.8 
.4 

8.0 

4 

3        '1- 

O                   k 

o              . 

4.0           .0 

o               : 

1.0 

.8 

.0 
-  .1 

-  .3 

•» 

9            : 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

.6 
.6 
.6 
.5 
.5 
1.1 
.9 
.7 
.6 
.5 

.6 

•  ■ 

•  • 
f 

•  f 

.6 

.8 

2.6 

1.2 

2.6 

.8 

.8 

2.0 

1.2 

.8 

.8 

.7 

.7 

.6 

.6 

1.2 

.7 
.6 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.6 

.3 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
.1 

.1 
.0 

~         •  X 
~~     ■  X 
""~     •  X. 

-  .2 

-  .2 

-  .2 

-  .2 

-  .3 

-  .3 
.2 
.1 

.2 
.8 
.3 
.1 
.0 
.5 
.2 
.4 
.0 
.0 
-  .1 

1.1 
.8 
.5 
.4 
.3 
.3 
.2 
.1 
.2 
.2 
.0 

-  .1 
_     2 

-  .1 

-  .2 

-  .3 

-  .3 

-  .8 

-  .3 

-  .3 
-  .8 

-  .3 

—  .8 

n 

—  .4 

.4          .i 

-  .3 

-  .4 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

.6            i 

.4          -4 

.?*           A 

.3          i 

.3           i 

.3          .♦ 

.3           i 

—  .3 

.3           { 

.7 

-  .2 

1 
.4 

23 1.7 

1.0 

.6 

.6 

.0 

-  .2 

.1 

.1 

-  .3 

-  .1 

.7 

24 1.0 

1.0 

.6 

.4 

.0 

-  .8 

.1 

-   .7 

-  .4 

-  .2 

.6 

26 7 

.8 

.8 

.4 

.0 

.1 

.0 

.5 

-  .4 

—  .1 

.4 

26 7 

.8 

.8 

.5 

-  .1 

.0 

.1 

.8 

-  .4 

.0 

.3 

27 .7 

.7 

.8 

.5 

-  .1 

-  .1 

-  .1 

.4 

-  .4 

.0 

.3           t 

28 1        .7 

.6 

.7 

.6 

-  .2 

.1 

.0 

.8 

-  .2 

.0 

.3         - 

29 

.8 

.6 

.7 

.5 

-   .3 

.6 

.0 

.1 

-  .2 

.0 

.3 

30 
81 

.7 
.6 

.7 
.6 

.5 

-  .3 
1.8 

8.8 

.0 
.0 

.1 
.0 

-  .3 

•0 
.0 

.3 

■ 

Rating  tabl 

efor  Etowah  River 

al  (}xnion,  Ga.yfrom  January  1  to  December  SI,  1904- 

Gage 
height. 

DiHcharge. 

1 

1 

;      Gage 
'    height. 

1 
Dischai'ge. 

Gage 
height. 

Discharge.  \ 

Gage 
height. 

Diaduuge.  , 

Fett. 

1 
Secomi'fect. 

Fed. 

Second-Jeet. 

Feet. 

Second-feet 

fixt. 

Second-feet. 

-0.50 

170 

0.10 

280 

0.30 

470 

0.70 

755    1 

.40 

190 

.00 

320 

.40 

532 

.80 

&iO 

.30 

215 

.10 

3(J5 

.50 

600 

.90 

930 

-  .20 

245 

.20 

415            .6C 

'1 

) 

675 

1. 

00 

1,020    1 

The  above  table  is  based  upon  discharge  measurements  made  during  1902  to  11*04. 
It  is  well  defined  between  gage  heights  ^0.5  foot  and  1  foot.  Estimates  aboN> 
1-foot  gage  height  are  based  on  a  tangent,  the  difference  being  90  per  tenth. 
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K»llmaUd  iiunUhly  dmihirge  of  Etotnah  River  at  (hntorif  (la.j  for  1904. 

[Drainage  area,  604  square  miles.] 


January  . 
February 
Man»h . . . 

April 

May 


June 

July 

August 

September 
OctolKir  ... 
November 
December 


MoDth. 


The  year 


DiBcharEre  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 
532 

Mean. 

Second-feet 

persQuare 

mile. 

Depth  in 
inches. 

1,650 

720 

1.19 

1.37 

2,460 

675 

916. 

1.52 

1.64 

2,010 

675 

914 

1.51 

1.74 

1,020 

532 

650 

1.08 

1.20 

1,290 

215 

469 

.776 

.895 

3,540 

215 

479 

.793 

.885 

840 

280 

418 

.692 

.798 

7,320 

320 

979 

1.62 

1.87 

470 

190 

278 

.460 

.513 

320 

190 

236 

.391 

.451 

755 

320 

480 

.795 

.887 

2,370 

532 

724 

1.20 

1.38 

7,320 

190 

605 

•1.00 

13.63 

ETOWAH   RIVER  NEAR  ROME,  GA. 


This  station  was  established  August  17,  1904,  by  M.  R.  Hall.     It  is 
located  at  Freeman's  ferry,  about  5  miles  above  Rome,  Ga.     The  gage 
is  in  three  sections.     The  first  section  is  the  original  gage,  reading 
from  zero  to  7  feet,  securely  attacrhed  to  a  sycamore  tree  at  left  edge 
of  river,  about  250  feet  below  the  ferry.     The  second  section,  reading 
from  7  to  20  feet,  is  attached  to  a  chestnut  post  located  10  feet  upstream 
from  the  first  section  and  10  feet  from  the  edge  of  the  river  (low 
water);  post  about  10  inches  in  diameter  and  21  feet  long,  the  bottom 
of  the  post  extending  to  firm  gravel,  1.50  feet  below  low- water  sur- 
face.   The  hole  is  filled  with  stone  and  about  one-third  concrete,  the 
concrete  being  at  the  bottom  and  near  the  surface  of  ground,  7  feet 
above  the  bottom  of  the  post.     The  third  section,  reading  from  20  to 
30  feet,  is  attached  to  a  maple  tree  opposite  post,  and  15  feet  farther 
from  the  water's  edge.     Each  section  of  the  gage  is  of  li  by  2^  inch 
heart  pine,  well  painted,  and  graduated  by  V-shaped  grooves,  which 
are  painted  black.     The  gage  is  made  up  in  5-foot  lengths,  all  of  which 
are  securely  fastened  to  substantial  supports.     The  gage  is  read  once 
each  day  by  Frank  B.  Freeman,  who  is  paid  by  the  Georgia  Geological 
Survey.     Discharge  measurements  are  made  from  a  small  boat,  the 
meter  being  suspended  from  the  ferry  cable.     Measurements  can  be 
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made  from  the  bridge  at  Borne,  as  no  large  quantity  of  water  enters 
the  river  between  the  ferry  and  that  place.  Gage  heights  may  be 
obtained  at  Rome  by  telephoning  the  observer.  The  initial  point  for 
soundings  is  the  center  of  the  windlass  for  the  ferry  cable  on  the  left 
bank  of  the  river.  The  channel  is  straight  for  about  3,000  feet  above 
and  for  1,000  feet  below  the  station.  The  current  is  swift-  There  is 
a  small  shoal  of  rock  about  50  feet  below  the  gaging  section.  About 
1,000  feet  below  there  is  an  old  fish-trap  dam,  but  this  has  not  been 
used  for  years  and  is  probably  constant.  Both  banks  are  high,  but 
are  subject  to  overflow  during  high  water.  The  bed  of  the  stream  is 
composed  of  small  rock  and  pebbles,  and  is  uniform  and  permanent. 
There  is  but  one  channel  at  all  stages,  the  water  being  about  2.5  feet 
deep  at  low  water. 

Bench  mark  No.  1  is  head  of  lag  screw  driven  in  root  of  maple  to 
which  gage  20  to  30  feet  is  attached;  elevation  is  19.26  above  datum. 
Bench  mark  No.  2  is  head  of  nail  driven  in  root  at  base  of  maple  tree, 
100  feet  up  river  from  gage;  elevation,  22.18  feet.  Bench  mark  No.  3 
is  center  mark  on  copper  plug  set  horizontally  in  brick  wall  of  F.  B. 
Freeman's  residence,  on  east  end  of  house,  near  northeast  comer,  just 
below  floor  level;  elevation,  27.99  feet  above  datum. 

Discharge  measnremerUs  of  Etowah  River  near  Rome,  Ga.,  in  1904- 


Date. 


August  ISO  ... 
August  18  ft  . . . 
September  27  ^ 
October  16&... 
November  8  * . 


Hydrographer. 


M.  R.  Hall 

do.... 

Vf,  E.  Hall 

do  .... 

do  .... 


Width. 

Area  of 
section. 

1 

Mean 
velocity. 

Fket, 

SquoarefecL 

Ptel  per  tec. 

156 

752 

1.40 

295 

748 

1.42 

290 

552 

.85 

285 

510 

.78 

291 

588 

.98 

oAt  Rome,  Second  Avenue  Bridge. 

<>  At  Freemjui's  fetry,  6  miles  above  Rome. 


Gage 
leignt. 


heig] 


FseL 
2.00 
2.03 
1.37 
1.26 
1.50 


Diflchai^f. 


Seevud/ffi. 

l,CMl* 

1,0»>4 

470 

3»7 

574 


HA 
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}fea7i  daily  gage  height^  in  feet,  of  Etoiixih  River  near  Rome^  Ga.y  for  1904^ 


Day. 
1 

Aug. 

Sept. 

1.75 
1.75 
1.70 
1.70 
1.75 
1.80 
1.70 
1.65 
1.60 
al.60 
1.60 
1.60 
1.50 
1.60 
1.50 
1.45 

Oit. 

Nov. 

1.30 
1.30 
1.50 
1.40 
1.50 
1.60 
1.55 
1.65 
1.65 
1.55 
1.40 
1.40 
al.50 
1.60 
1. 75 
1.60 

Dec. 

1.56 
1.55 
1.60 

Day. 
17 

Aug. 

2.10 
2.05 
2.10 
1.85 
1.80 
2.50 
1.70 
3.40 

a3.00 
2.10 

a  2. 50 
2.80 
2.30 
1.90 
1.90 

Sept. 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.85 
1.35 
1.35 
1.35 
1.35 
1.35 

Oct. 

1.30 
al.30 
1.25 
1.35 
1.30 
1.30 
1.30 
1.20 
1.25 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 

Nov. 

Dec. 

1.90 
1.80 
1.25 
1.35 
1.30 
1.30 
1.30 
1.80 
1.25 
1.20 
1.35 
1.35 
1.40 
1.30 
1.30 
1.30 

1.60 
1.65 
1.55 
1.55 
1.55 
1.56 
1.60 
1.90 
1.75 
1.60 
1.60 
1.66 
1.56 
1.66 

1.70 

2 i   

18.... 

1.76 

3 

19 

1.70 

4 

1.70 

'  20 

1.70 

S 

1.80 
8.10 
3.00 

21 

1.66 

6 

22 

1.60 

i  ............ 

23 

1.60 

8 

2.20 

'  24 

1.60 

9 

1.90 
1.80 
1.90 
1.95 
1.80 
1.70 
1.70 
1.66 

25 

1.60 

10 

26 

1.70 

11 

27 

1.70 

12 

28 

3.00 

13 

29 

3.40 

11 

30 

2.50 

15 

31 

2.00 

16       

a  Interpolated  (no  record). 
Rating  table  for  EiouHih  River  near  Rome,  Ga.,  from  AuguM  17  to  December  SI,  1904» 


Discharge. 

i 

Gage 
height. 

Second-feet. 

Fret. 

360 

It  80 

425 

1.90 

495 

2.00 

570 

2.10 

650 

2.20 

735 

2.30 

Discharge. 


Second-feet, 
830 
930 
1,035 
1,146 
1,260 
1,380 


Gage 
height. 


Feet. 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 


Discharge. 

Gage 
height. 

1 

Second-feet. 

Feet, 

1,500 

3.00 

1,625 

3.10 

1,755 

3.20 

1,890 

3.30 

2,030 

3.40 

2, 175 

Discharge. 


Second-feet. 
2,320 
2,470 
2,625 
2,785 
2,950 


The  above  table  is  based  upon  5  discharge  measurements  made  during  1904  and  1 
made  February,  1905.     It  is  well  defined. 

Estimated  monthly  discharge  of  Etowah  River  near  Rome,  Ga.,  for  1904' 

[Drainage  area,  1,864  square  miles.] 


Month. 


August  (17-31) 

September 

October 

November , . . . 
December 


Discharge  in  second-feet. 


Maximum. 


2,950 

.830 

495 

930 

2,950 


Minimum. 


735 
460 
360 
425 
610 


Mean. 


1,384 
588 
423 
614 

1,027 


Run-off. 


Second-feet 

per  square 

mile. 


0.746 
.317 
.228 
.331 
.554 


Depth  in 
Inches. 


0.416 
.a54 
.263 
.369 
.639 
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COOSA   RIVER  AT  RIVERSIDE,  AlA. 

This  station  was  established  September  25, 1896,  by  M.  R.  Hall.  It 
is  located  at  the  Southern  Railway  bridge,  Riverside,  Ala.,  aljout  4 
miles  below  Lock  No.  4.  The  24-inch  boxed  chain  gage  is  fastened  to 
the  downstream  guard  rail  at  a  point  670  feet  from  the  initial  point 
for  soundings.  The  length  of  the  chain  from  the  marker  to  the  end 
of  the  weight  is  35.02  feet.  The  gage  is  read  once  each  day  1)%'  S.  T. 
Waits.  Discharge  measurements  are  made  from  the  railway  bridtje 
to  which  the  gage  is  attached.  The  initial  point  for  soundings  is  the 
water  face  of  the  abutment  on  the  left  bank,  downstream  side.  Dis- 
tances are  marked  on  the  guard  rail  with  white  paint.  The  channel 
is  straight  above  the  station  for  about  400  feet  and  below^  for  about 
3,000  feet.  The  current  is  swift,  but  is  broken  by  a  ledge  of  rock  3<K) 
feet  above  the  bridge.  The  channel  is  614  feet  between  bridge  abut- 
ments and  is  broken  by  four  piers.  The  width  at  ordinar3^  stages  is 
about  575  feet.  Both  banks  are  high;  the  left  bank  is  liable  to  over- 
flow, but  all  water  passes  beneath  the  bridge.  The  bed  of  the  stream 
is  rocky  and  permanent  and  not  very  rough. 

Bench  mark  No.  1  is  the  capstone  on  the  circular  pier  of  the  turn 
span,  the  elevation  of  which  is  26.80  feet  above  gage  datum.  Bench 
mark  No.  2  is  a  copper  plug  set  in  sol  id  rock  on  the  right  bank,  about 
100  feet  above  the  bridge.  Its  elevation  is  11.95  feet  above  gage 
datum.     The  observer  is  paid  by  the  Alabama  Geological  Survey. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Dincluirge  measurements  of  Coosa  River  at  Riverside^  Ala,,  in  1903  and  1904- 


Date. 

1903. 

March  16 

April  11 

June  20 

July  22 

August  26.... 

October  1 

November  13 

1904. 

January  19  .. 
February  11.. 

May  26 

June  27 

August  23 

September  20 
September  21 
November  2  . 


Hydrographer. 


J.  M.  Giles 

do  .... 

do  .... 

do.... 

do  .... 

do  .... 

do  .... 


J.  M.  Giles 

M.  R.  and  W.  E. 
Hall. 

J.  M.  (liles 

do 

do 

A.  T.  Mitchelson 

do 

J.  M.  Giles 


Width. 


Feel. 

570 
566 
500 
492 
429 
405 
430 

446 
528 


Area  of 
section. 


Square  feet. 

8,977 
7,680 
4,120 
3,871 
3,234 
2,865 
3,113 

3,444 
4,7a5 


409 

2, 895 

407 

2,861 

497 

3,268 

488 

2,947 

485 

2,788 

433 

2,625 

Mean 
velocity. 


Fed  per  sec. 

4.46 
4.00 
1.79 
1.43 
1.24 
.94 
1.01 

1.16 
2.27 

.94 
.90 
.97 
.57 
.56 
.48 


hcigtit.    I   ohaifre. 


10.75 
8.80 
2.87 
2.30 
1.64 
1.05 
1.37 

1,88 
4.10 

1.25 

1.15 

1.45 

.60 

.53 

.38 


Stc./ffi, 

40,070 
30,710 
7.374 
5, 549 
4,a)l 
2,687 
3,  i:^ 

3,99i» 

10,  S80 

2,714 
2, 5S1» 
3,174 
1.681 
1,557 
1,250 


HALL  AND"! 
HOYT.      J 


MOBILE   RIVER   DRAINAGE    BASIN. 


137 


Meaji  daily  gage  height^  infeetj  of  Coosa  River  at  Riverside^  Ala.  ^  for  1904* 


Day. 


Jan. 


1 

2 

3 

4 

5 

6 

7 

H 

9 

10 

11 

12 

13 

14 ; 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


1.35 
1.30 
1.30 
1.25 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.25 
1.30 
1.80 
1.30 
1.40 
1.45 
1.50 
1.80 
1.90 
2.10 
2.25 
2.50 
4.45 
5.10 
5.00 
4.30 
4.00 
3.70 
3.30 
2.55 
2.30 


Feb. 

2.10 
2.05 
2.05 
2.00 
2.00 
1.90 
1.95 
2.75 
3.85 
3.55 
4.05 
3.95 
3.70 
3.35 
3.05 
2.90 
2.30 
2.35 
2.50 
2.90 
3.25 
3.80 
4.90 
5.45 
6.05 
5.80 
4.80 
8.80 
3.30 


Mar.  .  Apr. 


May. 


2.90 
2.60 
2.45 
2.60 
2.85 
3.06 
3.90 
4.30 
4.80 
5.20 
4.80 
4.30 
4.30 
4.80 
4.05 
4.00 
3.90 
3.70 
3.80 
3.80 
3.50 
3.20 
3.80 
5.30 
6.10 
6.85 
6.20 
5.90 
5.60 
4.90 
4.40 


4.00 
8.60 
3.40 
3.10 
3.00 
2.75 
2.70 
8.20 
3.80 
5.10 
5.20 
4.90 
4.20 
3.50 
3.00 
2.80 
2.70 
2.60 
2.40 
2.40 
2.35 
2.25 
2.20 
2.20 
2.15 
2.15 
2.15 
2.40 
2.60 
2.60 


2.30 
2.15 
2.10 
1.90 
1.90 
1.80 
1.75 
1.80 
1.90 
1.80 
1.80 
2.60 
2.20 
2.10 
2.00 
1.70 
1.60 
1.50 
1.55 
1.50 
1.40 
1.85 
1. 80 
1.80 
1.20 
1.20 
1.15 
1.15 
1.20 
1.20 
1.80 


June. 


2.30 
2.70 
2.80 
3.00 
2.S) 
2.06 
1.70 
1.65 
1.65 
1.95 
2.00 
1.70 
1.50 
1.80 
1.15 
1.15 
1.05 
1.05 
1.05 
1.00 
1.00 
1.00 
1.00 
1.40 
1.50 
1.40 
1.20 
1.00 
1.50 
2.25 


July. 


2.60 
2,55 
2.30 
2.15 
1.90 
1.45 
2.10 
2.15 
1.56 
1.40 
1.40 
1.40 
1.40 
1.26 
1.26 
1.25 
1.30 
1.30 
1.40 
1.65 
1.50 
1.30 
1.10 
1.10 
1.10 
1.15 
1.20 
1.20 
1.20 
1.10 
1.15 


Aug. 


1.15 
1.35 
1.50 
2.60 
2.80 
8.00 
3.80 
4.20 
8.80 
4.85 
6.25 
5.40 
4.15 
3.20 
2.70 
2.56 
2.80 
2.15 
1.95 
1.75 
1.66 
1.60 
1.45 
1.85 
1.80 
1.25 
1.25 
2.00 
1.90 
1.56 
1.40 


Sept. 

Oct. 

Nov. 

Dec. 

1.20 

0.50 

0.35 

0.70 

1.20 

.50 

.40 

.80 

1.20 

.50 

.45 

.80 

1.10 

.60 

.60 

1.00 

1.00 

.50 

.66 

1.70 

1.00 

.55 

.70 

2.75 

1.00 

.60 

.75 

3.20 

1.00 

.60 

.75 

3.75 

1.00 

.55 

.76 

8.50 

1.00 

.60 

.70 

8.20 

.96 

.50 

.70 

8.00 

.95 

.60 

.70 

2.85- 

.85 

.60 

.65 

2.60 

.80 

.45 

.55 

2.40 

.70 

.40 

.56 

2.00 

.60 

.40 

.60 

1.60 

.60 

.40 

.70 

1.30 

.60 

.40 

.70 

1.26 

.60 

.40 

.66 

1.20 

.60 

.86 

.65 

1.10 

.76 

.85 

.66 

1.10 

.90 

.85 

.70 

1.10 

.90 

.85 

.75 

1.10 

.90 

.35 

.76 

1.10 

.75 

.85 

.76 

1.10 

.60 

.85 

.75 

1.10 

.60 

.85 

.75 

1.70 

.55 

.85 

.80 

2.90 

.55 

.85 

.80 

8.76 

.55 

.85 

.80 

6.00 

.35 

5.20 

Rating  table  for  Coosa  River  at  Riverside j  Ala.j  from  January  1  to  December  Sl^  1904' 


Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Fed. 

Second-feet. 

.30 

1,150 

1.40 

3, 010 

2.40 

5,425 

3.80 

9,  780 

.40 

1,300 

1.50 

3,215 

2.50 

5,695 

4.00 

10, 480 

.50 

1,450 

1.60 

3,430 

2.60 

5, 970 

4.20 

11,200 

.60 

1,605 

1.70 

3,655 

2.70 

6,250 

4.40 

11,920 

.70 

1,760 

1.80 

3,890  . 

2.80 

6, 540 

4.60 

12, 640 

.80 

1,920 

1.90 

4,130 

2.90 

6,835 

4.80 

13,360 

.90 

2,085 

2.00 

4,380 

3.00 

7,135 

5.00 

14,080 

1.00 

2,  255 

2.10 

4, 635 

3.20 

7,750 

5.50 

15,900 

1.10 

2,435 

2.20 

4,895 

3.40 

8,400 

6.00 

17,750 

1.20 

2,620 

2.30 

5,160 

3.60 

9,080 

6.50 

19.600 

1.30 

2,810 
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The  preceding  table  is  based  upon  seven  dischai^e  measurementB  made  dorinj: 
1904  and  several  older  measurements.  It  is  well  defined  between  gage  heights  0.4 
feet  and  4  feet.     The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  discharge  of  Coosa  River  at  Riversidey  Ala.y  for  1904^ 

[Drainage  area,  7,065  gquare  miles.] 


Month. 


Januarv , 

February 

March , 

April , 

May 

June 

July 

August 

September 

October , 

November 

December 

The  year 


Discharge  in  second-feet 


Bnn-oif. 


Maximum. 


14,440 

17,940 

20,900 

14,800 

5,970 

7,135 

5,970 

18,680 

2,620 

1,605 

1,920 

14,800 


20,900 


2,620 
4,130 
5,560 
4,765 
2,527 
2,255 
2,435 
2,527 
1,528 
1,225 
1,225 
1,760 


1,225 


5,228  ' 
8,391  1 
11,370 
7,462 
3,676 
3, 598 
3,314 
6,118 
1,987 
1,351 
1,713 
5,127 


4,945 


Second-feet 


per  Muuare 
mile. 


0.740 
1.19 
1.61 
1.06 
.520 
.509 
.469 
.866 
.281 
.192 
.242 
.726 


Ilkepth  in 
inch«ti 


0. 8.S:{ 
1.2S 

1.S6 
I.IS 

..=)*« 

.314 

.270 
.837 


.700 


9. 52 


008TANAULA  RIVER  AT  RESACA,  GA. 


This  station  was  maintained  by  the  United  States  Geological  Survey 
from  August  1,  1896,  to  April  30,  1899.     During  this  time  it  was  also 
maintained  by  the  United  States  Weather  Bureau  as  a  half-year  station. 
The  gage  height  records  are  now  taken  for  the  Weather  Bureau  during 
the  entire  year  by  their  local  observer,  G.  A.  Norton.     The  station  u* 
located  at  the  bridge  of  the  Western  and  Atlantic  Railway,  which  is  in 
the  town  of  Resaca,  800  feet  south  of  the  depot.    A  heavy  timber  gage  is 
attached  vertically  to  the  downstream  side  of  the  center  pier.   Discharge 
measurements  are  made  from  the  downstream  side  of  the  iron  through 
bridge  to  which  the  gage  is  attached.     The  bridge  consists  of  three 
spans  of  120  feet  each,  and  480  feet  of  trestle  approach  at  the  left  bank. 
The  left  bank  span  of  the  bridge  is  entirely  outside  of  the  river,  exi*ept 
at  high  water.     Measurements  are  also  made  from  a  boat  at  the  ferrv 
about  200  feet  above  the  bridge,  where  the  section  is  somewhat  better. 
The  initial  point  for  soundings  is  the  end  of  the  bridge  at  the  right 
bank,  downstream  side.     The  channel  is  slightly  curved,  the  same 
curve  extending  about  300  feet  above  and  below  the  bridge.     The  cur- 
rent is  moderate,  becoming  rather  sluggish  at  low  water.     The  right 
bank  is  rock  at  the  edge  of  water,  and  has  solid  stone  abutment  and 
railroad  embankment,  which  is  above  high-water  level.     The  left  bank 
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is  low,  cultivated,  and  overflows  during  high  water  480  feet  to  the  end 
of  the  trestle.  The  bed  of  the  stream  is  composed  of  rock  near  the 
right  bank,  butother  parts  appear  to  be  sandy.  To  the  leftof  the  pier 
it  is  nearly  filled  up  with  logs  and  brush.  There  is  one  channel  broken 
by  one  pier  at  ordinary  water.  Bench  mark  No.  1  is  the  top  of  the 
downstream  end  of  the  second  crossbeam  from  the  right  bank.  Its 
elevation  is  28.94  feet  above  the  datum  of  the  gage.  Bench  mark  No. 
2,  established  March  14,  1905,  is  a  cross  mark  on  the  top  of  the  lime- 
stone bowlder  on  the  north  side  of  the  river,  about  130  feet  from  the 
end  of  the  railroad  bridge  and  40  feet  west  of  the  milroad  track.  Its 
elevation  is  34.23  feet  above  the  datum  of  the  gage. 

COOSA WATTEE   RIVER  AT  CARTERS,  GA. 

This  river  is  formed  by  the  junction  of  EUijay  and  Cartecay  rivers 
at  Ellijay,  Gra.,  and  flows  in  a  southwesterl}'^  direction,  joining  the 
Conasauga  to  form  the  Oostanaula.  Its  drainage  area  is  for  the  most 
part  mountainous  and  covered  with  forest  growth.  This  station  was 
established  August  15,  1896,  by  M.  R.  Hall,  at  the  iron  highwaj' 
bridge  at  Carters,  Murray  County,  Gra.,  about  20  miles  northeast  of 
Calhoun,  the  most  convenient  railroad  station.  C/arters  is  at  the  head 
of  navigation,  small  boats  running  to  Rome,  Ga. ,  and  the  Coosa  River 
below.  It  is  at  the  foot  of  the  great  shoals  made  by  this  stream  in 
cutting  through  the  Cohutta  Mountains. 

A  standard  chain  gage  is  attached  to  the  downstream  side  of  the 
bridge  in  the  third  panel  from  the  right  bank.  The  original  length  of 
the  chain  before  it  was  boxed  was  37.08  feet  from  the  end  of  the 
weight  to  the  marker.  On  March  17,  1905,  the  gage  was  replaced  by 
a  boxed  gage  of  the  24-inch  iron  top  type,  and  the  length  of  the  chain 
was  made  36.57  feet  from  the  end  of  the  weight  to  the  marker,  the 
datum  remaining  the  same.  The  observer  is  R.  P.  Messer,  a  merchant 
at  Carters,  Ga.,  who  is  paid  by  the  Georgia  Geological  Survey. 

Discharge  measurements  are  made  from  the  single-span  highway 
bridge  and  its  approaches.  The  initial  point  for  soundings  is  land, 
side  of  the  pier  on  the  right  bank.  The  channel  is  curved  for  1,000 
feet  above  and  500  feet  below  the  station.  The  current  is  swift  and 
broken.  Both  banks  are  j^igh,  but  overflow  at  flood  stages.  The  bed 
of  the  stream  is  of  gravel,  and  is  not  liable  to  change. 

Bench  mark  No.  1  is  the  top  of  the  cylindrical  iron  pier  at  the  right 
bank,  downstream  side.  Its  elevation  is  30.35  feet  above  gage  datum. 
Bench  mark  No.  2,  established  March  17,  1905,  is  a  stone  post  set 
into  the  ground  on  the  north  side  of  the  river  about  300  feet  from  the 
end  of  the  iron  bridge  and  on  the  west  side  of  the  road  leading  toward 
Carter's  mill.  The  elevation  of  the  top  of  the  post  is  22.15  feet  above 
the  datum  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  measiiremetits  of  Coosaivailee  River  at  Cnrtera^  On,,  in  190:1  and  1904- 


Date. 

o 

IlydroKrapber. 

Width. 

Area  of 
section. 

S<jiiarf/ret. 
518 
o80 
265 
265 
242 
247 

418 
252 
220 
2a3 
181 
191 
186 

Mean 
velwity. 

Gaife 
height. 

! 
1 

DLst'faATe^ . 

1903. 
March  18  . . . 

.  P.  H 
...do 
...do 
[.  R.  I 
.  P.  I] 
do 

all... 

Fi-n       ' 

Fret,  per  wr. 

3.06 
2.53 

Frri. 
3. 06 
2.35 
1.22 
1.22 
1.07 
1.26 

2.60 
1.30 
.99 
.85 
.50 
.82 
.73 

1  Servn 

i 

1 

1 
1 

July  22 

September  8 
September  8 
()ctol)er  16 . . 

-  -  - 1-  -  ■ 

^^ 

1.67 

444 



0 

lall  .. 

1.72 
1.55 
1.68 

4o<i 

all... 

:;74 

December  31 

41fi 

1904. 
March  15 

--- 

0 

.  P.  H 
do 

all... 

118 

107 
107 
104 
83 
102 
100 

2.60 
1.70 
1.46 
1.54 
1.12 
1.44 
1.26 

l.04:» 

May  26 

427 

June  25 

do 

32J 

August  23  . .   - 

do 

312 

September  27 
December  21 

f 

do 

21 1 

do -- 

275 

December  21 



M.  R.  Hall  . . 

•J:l-> 

Mean  daily  gage  lieighty  in  fed,  of 

Coosa 

waitee 

Hirer  at  Carters,  Ga.,for 

1904. 

Day. 

Jan. 

Feb. 

1.50 
1.50 
1.50 
1.60 
1.40 
1.30 
1.40 
2.80 
2.60 
1.80 
1.60 
1.50 
1.50 
1.40 
1.70 
1.70 
1.60 
1.60 
3.40 
3.00 
2.30 
4.80 
3.50 
2. 40 
2.20 
2.10 
2.00 
1.80 
1.80 

Mar. 

1.70 
1.70 
1.70 
3.50 
3.75 
3.00 
3.00 
2.50 
2.20 
2.10 
•2.00 
1.90 
1.80 
4.80 
2.80 
2.20 
2.10 
2.00 
1.80 
1.80 
1.80 
2.00 
6.20 
3.80 
2.90 
2.80 
2.80 
2.60 
2.50 
2.40 

2.:w 

Apr. 

2.20 
2.20 
2.10 
2.00 
1.90 
1.90 
1.90 
4.00 
3.00 
2.50 
2.30 
2.20 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
4.00 
2.50 
2.00 
1.80 
1.70 

May. 

1  June. 

1 

2.00 
1.80 
1.50 
1.30 

'     1.20 
3.10 

1     3.00 
2.00 
1.80 
1.60 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1,00 
3.00 
2.00 
1.50 
1.20 
1.00 
1.00 
1.00 
1.20 
1.20 
1.80 

1 

Jul> 

1 
.  1  Aug. 

)  '    5.00 

Sept. 

Oct, 

1 

0.50 
.50 
.50 
.45  I 
.45 
.45 
.45 
.45 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40  ' 

.40  , 

.40 

.40' 

.40 

.40 

.40 

.40 

.40. 

.40 

.40 

1 

Nov. 

IH-^: 

1 *. 

1.20 
1.10 
1.40 
1.10 
1.10 
1.10 
1.10 
1.10 

i.io 

1.10 
1.30 
1.30 
1.30 
1.80 
1.20 
1.30 
2.80 
1.90 
1.50 
1.40 
1.40 
4.35 
3.00 
2.30 
2.00 
1.70 
1.60 
1.50 
1.60 
1.50 
1.50 

1.70 
1.70 
1.70 
2.00 
1.80 
1.70 
1.70 
4.45 
3.00 
2.00 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
3.70 

l.ll 

0.80 

0.40 
.40 
.40 

.70 

.n> 

.60 

.50 
.50 
.50 
.50 
.40 
.441  1 
.40 
,40 
.40 
.40 
.40' 
.40 
.40 
.40 
.40 
.50 
.ft) 
.60 
.60 
.60 
.60 
.50 
.50' 
1.80 

iw 

2 

1.00 
1.00 
1.00 
1.00 
1.40 
1.30 
1.80 
1.50 
1.20 
1.00 
2.05 
1.70 
1.20 
1.00 
1.00 
1.80 
1.30 
1.00 
1.00 

.90 
1.80 
1.50 
1.00 
1.00 
1.00 

.90 
1.10 
1.00 
1.00 

.90 

2.00  1      .70 
1.50         .70 
1.30         .70 
1.60         .90 
1.20  1      .80 
1.10  ]      .70 
l.GO         .70 
2.00  '      .60 
1.50         .60 
1.40         .60 

'  •.,. 

3 

l.S) 

4 

1  (a> 

5 

l.HJ 

6 

1 .  »>) 

7 

1.  lu 

8 

1.31' 

9 

l.a- 

10 

I.IO 

11 

I.UO 

12 

1.30 
1.10 
1.00 
1.00 

.60 
.50 
.50 
.70 

I  U) 

13 

l.li) 

14 

-W 

16 

.Sl» 

16 

1.00         .60 
1.00         .60 

.A- 

17 

.  V 

18 

1.00 

..50 

,S.T 

19 

.90  1       .50 

.s'* 

20 

.90 

.40 

.s."» 

21 

.90         .40 
.80         .40 
.80  ,      -50 

.h:» 

22 

•  St 

23 

•  J* 

24 

.80 

.50 

.H) 

25 

.90  1      .50 
1.00  '      .45 

.90  1       .50 
1.00         .50 

I.  Ill 

26 

1.3l» 

27 

3.* 

28 

4.U» 

29 

.90 
.90 
.80 

.50 

.50 

2.  «• 

30 

l.?« 

31 

l.X» 

HALL  AND"! 
HdYT.      J 
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Rating  tahUfor  Coosnwattee  River  nl  (hrlers,  Qa.,  from  January  1  to  December  Sly  1904» 


Gage 
height. 

1 

Pincharge. 
Second-ftel. 

Gage 
height. 

Diwharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

1 

Feet, 

Feel. 

Secoml-fcct. 

Feet, 

Seeond-feet. 

Feet. 

Second-feet. 

0.40 

184 

1.80 

650 

1 

4.20 

2,000 

9.50 

5,790 

.50 

202 

1.90 

698 

4.40 

2,130 

10.00 

6,150 

.60 

222 

2.00 

747 

1 

4.60 

2,270 

11.00 

6,870 

.70 

244 

2.20 

848 

4.80 

2,410 

12.00 

7,590 

.80 

269 

2.40 

952 

5.00 

2,560 

13.00 

8,310 

.90 

296 

2.60 

1,058 

5.50 

2,910 

14.00 

9,030 

1.00 

326 

2.80 

1,166 

6.00 

3, 270 

15.00 

9,750 

1.10 

368 

3.00 

1,275  , 

6.50 

3,630 

16.00 

10^470 

1.20 

393 

3.20 

1,385 

7.00 

3,990 

17.00 

11,190 

1.30 

430 

1       3.40 

1,500 

7.50 

4,350  1 

18.00 

11,910 

1.40 

470 

'       3.60 

1,620 

8.00 

4,710 

19.00 

12,630 

1.50 

512 

3.80 

1,740 

8.50 

5,070 

20.00 

13,350 

1.60 

557 

4.00 

1,870 

9.00 

5,430 

21.00 

14, 070 

1.70 

603 

The  alx>ve  table  is  baaed  upon  seventeen  discharge  measurements  made  during 
1902,  1903,  and  1904.  It  is  well  defined  between  gage  heights  0.5  foot  and  4.5  feet. 
The  table  has  been  extended  >)eyond  these  limits  to  gage  height  5.5.  Above  gage 
height  4.8  feet  the  rating  curve  is  a  tangent,  the  difference  being  73  per  tenth. 

Edimated  monthly  dmhxirge  of  CoosawaUee  River  ai  CarterSy  Ga.j  for  1904' 

[Drainage  area,  531  square  miles.] 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Run-ofF. 

Maximum. 

Minimum. 

Mean. 

'  Second-feet 
per  sauare 
mile. 

Depth  in 
inchest. 

2,097 

358 

575 

1.08 

1.24 

2,410 

430 

791 

1.49 

1.61 

2,694 

603 

1,063 

2.00 

2.31 

1,870 

603 

823 

1.56 

1.73 

2,165 

393 

a59 

1.24 

1.43 

1,3:^ 

326 

549 

1.03 

1.15 

772 

296 

408 

.768 

.885 

2,550 

269 

453 

.853 

.983 

296 

184 

220 

.414 

.462 

202 

184 

187 

.362 

.406 

650 

184 

215 

.405 

-.452 

1,870 

269 

524 
539 

.987 

1.14 

2,694 

184 

1.01 

13.80 
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CARTECAY   RIVER   NEAR  CARTECAY,    GA. 

This  station  was  established  June  27,  1904,  by  M.  R.  Hall.  It  ih 
located  at  the  Cartecay  Bridge  on  the  public  road  6  miles  south^u>t  (up- 
stream) from  Ellijay,  Ga.,  and  H  miles  northwest  from  Caileca^^  Ga. 
Turkey  Creek  enters  from  the  south  side  and  Owltown  Creek  from 
the  north  side  between  this  point  and  Ellijay.  There  is  probably  do 
considerable  interference  from  dams  above  the  station.  The  gage  i^  a 
vertical  10-foot  timber,  graduated  to  feet  and  tenths,  fastened  to  a 
2-inch  by  4-inch  oak  scantling,  which  is  spiked  to  the  sill  and  downstream 
post  of  trestle  bent  at  the  right  bank.  The  gage  is  read  once  each  daj 
by  S.  A.  Burrell,  who  is  paid  by  the  Georgia  Geological  Survey.  Dis- 
charge measurements  are  made  from  the  downstream  side  of  the  single 
60-foot  span  wooden  bridge  to  which  the  gage  is  attached.  The  bridge 
has  an  approach  on  the  right  bank  of  24  feet  and  on  the  left  bank  of 
26  feet.  The  floor  is  about  16  feet  above  low  water.  The  initial  point 
for  soundings  is  the  edge  of  the  abutment  on  the  right  hank,  down- 
stream side.  The  channel  is  straight  for  about  500  feet  above  and 
below  the  station.  The  current  is  swift.  Both  banks  are  high,  but 
are  subject  to  overflow.  The  bed  of  the  stream  is  composed  of  rock 
and  is  permanent,  the  water  flowing  in  one  channel.  The  bench  mark 
is  the  top  of  the  downstream  end  of  the  first  floor  beam  from  the  right 
bank,  marked  by  nails  and  white  paint.  Its  elevation  is  16.50  feet 
above  the  zero  of  the  gage. 

Discharge  meagurements  of  Cartecay  Riv€r  near  Cartecay ,  Ga,,  in  1904- 


Date. 

Hydrographcr. 

Width. 

Area  of 
Hection. 

i<qaar€fcet. 
78 
50 
50 
38 
46 

Mean 
velocity. 

Ga«j 
het^t. 

Dischaice. 

May9 

June  27 

O.P.Hall 

do 

Feet. 
55 
53 
53 
48 
52 

Feet  per  Bee, 
2.26 
1.72 
1.88 
1.84 
1.70 

FeeL 
1.30 
.90 
.85 
.65 
.80 

Sectmd/ai. 
176 

S»^ 

AutrustSl 

do 

94 

October  12 

do 

70 

December  13... 

M.R.Hall 

78 

HALL  AXD"] 
HOYT.      J 
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Afean  daily  gage  height^  infeetf  of  Cariecay  River  near  Cariecay^  Ga.y  for  1904- 


Day. 


1 
Auk. 

Sept. 

Oct. 

Nov. 
0.75 

1.10 

0.80 

0.90 

1.20 

.85 

(«) 

.80 

2.40 

1.20 

(«) 

.80 

1.65 

1.10 

(«) 

.86 

2.80 

.90 

(«) 

.90 

2.86 

.90 

(«) 

.80 

1.90 

.85 

(«) 

.86 

1.70 

.80 

l«) 

.90 

1.60 

1.40 

(«) 

.95 

1.46 

.85 

(«) 

.90 

1.40 

.80 

(«) 

1.20 

2.66 

.80 

.66 

1.80 

2.10 

.86 

(«) 

1.10 

1.70 

.80 

(«) 

.95 

1.50 

.75 

(«) 

.90 

1.35 

.80 

(") 

.80 

1.15 

.90 

1.10 

1.00 

1.50 

1.20 

1.20 

1.10 

1.00 

1.00 

.90 

.90 

.80 

.80 

.85 

.85 


Day. 


17 
18 
19 
20 
21 
22 
28 
24 
26 
26 
27 
28 
29 
80 
SI 


July. 

Aug. 

Sept. 
1.80 

Oct. 
0.70 

Nov. 
0.75 

1.80    1.30 

1.50     1.25 

2.10 

.70 

.80 

8.05 

3.65 

.90 

.75 

.86 

3.05 

2.16 

.90 

.60 

.90 

2.20 

1.90 

.86 

.65 

.80 

1.70 

1.70 

.80 

.75 

.95 

1.60 

1.80 

2.80 

.75 

.96 

2.20 

1.26 

2.15 

.75 

.90 

1.96 

3.35 

.95 

.66 

.86 

1.80 

2.70 

1.90 

.60 

.80 

1.25 

1.60 

.80 

.66 

.80 

1.70 

1.15 

.80 

.70 

.86 

1.25 

1.10 

1.20 

.76 

.86 

1.10 

.90 
.86 

.90 

.70 
.70 

1.80 

Dec. 

0.90 

.86 

.80 

.75 

.75 

.70 

.70 

.90 

1.10 

.90 

.90 

2.50 

2.20 

1.20 

.90 


a  Missing. 
ELLIJAT  BIVEB  NEAB  ELXJJAT,  OA. 

This  station  was  established  June  28,  1904,  by  M.  R.  Hall  for  the 
purpose  of  making  a  series  of  miscellaneous  measurements.  It  is 
located  at  a  wagon  bridge  about  one-half  mile  east  of  Ellijay,  6a.,  and 
about  the  same  distance  above  the  junction  of  Ellijay  and  Cartecay 
rivers.  A  section  of  gage  staff,  graduated  by  feet  and  tenths  from  2 
to  6  feet,  is  nailed  to  the  downstream  vertical  post  at  the  right  bank, 
and  a^bench  mark  established  for  reference.  Regular  gage  readings 
are  not  maintained.  Discharge  measurements  are  made  from  the 
open  wooden  wagon  bridge,  having  two  40-foot  spans  and  60-foot 
approaches  on  each  bank.  The  initial  point  for  soundings  is  the  end 
of  the  bridge  at  right  bank,  on  the  downstream  side.  Both  banks 
are  straight  for  about  500  feet  above  and  below  the  station.  The 
right  bank  is  about  12  feet  high  and  the  left  bank  is  about  10  feet 
high.  Both  banks  are  bordered  by  fields  and  are  subject  to  overflow. 
There  is  one  channel  broken  by  one  wooden  pier.  The  bed  of  the 
stream  is  composed  of  rock,  partly  sloping,  and  the  current  ranges 
from  very  swift,  above  the  station  to  sluggish  below.  The  bench 
mark  is  a  small  nail  and  white  paint  mark  in  downstream  vertical  post 
at  right  bank.     Its  elevation  is  7.00  feet  above  the  gage  datum. 
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Discharge  measurements  of  EUijay  River  near  EUijny,  Go,,  in  1903  and  19G4. 


Date. 

Hydrographcr. 

Width. 

Area  of 
jtection. 

Mean 
velocity. 

Feet  per  sec. 
1.36 

1.71 
1.54 
1.22 
1.03 
1.32 

he^U 

I>iarfaanrt^ 

1903. 
December  9 

1904. 

May  10 

June  28 

0.  P.  Hall 

0.  P.Hall 

do 

Feet. 
65 

74 
66 
68 
56 
66 

Square/eet. 
56 

90 
61 
56 
41 
50 

Frri. 

1.80 
1.35 
1.22 
1.07 
1.20 

1 

Seeomd-U'f 

7K 

l.>t 

AiiirastSO 

do 

K"* 

October  12 

do 

4- 

December  14... 

M.  R.  Hall 

t*} 

MOUNTAINTOWN  GREEK  NEAR   ELLUAY,  GA. 

This  station  was  established  as  a  bench-mark  station  May  10,  19<H. 
b}^  O.  P.  Hall.  It  is  located  at  the  covered  bridge  known  as  Charle> 
Bridge,  about  4  miles  west  of  Ellijay,  Gra.,  and  about  the  same  distance 
above  the  mouth  of  the  creek.  The  bridge  consists  of  a  single  span 
of  54  feet,  with  short  trestle  approaches  at  either  end.  Dischargp 
measurements  are  made  from  the  bridge,  the  meter  being  lowered 
through  holes  in  the  floor,  or  from  a  foot  log  a  half  mile  below  the 
bridge.  The  initial  point  for  soundings  is  the  end  of  the  trestle 
approach  at  the  right  bank.  The  channel  is  straight  for  about  50^  > 
feet  above  and  100  feet  below  the  station  and  the  current  is  swift. 
Both  banks  are  high  and  not  liable  to  overflow.  The  bed  of  the  stream 
is  rocky.  The  water  is  shallow  and  swift  at  the  bridge,  the  better 
section  being  at  the  foot  log  below  the  bridge.  The  bench  mark  is  a 
nail  driven  into  the  vertical  post  of  the  main  bent  under  the  right  end 
of  the  bridge,  6  feet  above  the  top  of  the  mud  sill  of  the  bent.  Its 
elevation  is  7.00  feet  above  datum. 

Discharge  measurements  of  Mouniaintown  Creek  near  EUijay ,  Ga.,  in  1904, 


Date. 

1 
Hydro^apher.         Width. 

Area  of      ^     Mean 
section.     '    velocity. 

hei^t,       I>i«h*nr. 

May  10 

AufifUBt  31 

1      Feel. 

O.P.Hall 1          60 

do 52 

Square/eet. 
51 
34 
44 

Feet  per  sec. 

3.08 

2.32 

.70 

/fed.         i^eoomd/f^i 
1.17                   157 

.85                    7M 

October  12 

do 26 

.75 

TALKING  ROCK  GREEK  NEAR  CARTERS,  OA. 

This  station  was  established  as  a  bench-mark  station  May  26,  19tH, 
by  O.  P.  Hall,  though  numerous  measurements  of  the  creek  have  pi-e- 
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viously  been  made  by  M.  R.  Hall  and  O.  P.  Hall  in  connection  with 
measurements  of  the  Coo^wattee  River  station.  It  is  located  about 
;^  miles  above  the  mouth  of  Talking  Rock  Creek  and  about  the  same 
distance  east  of  Carters,  Ga.  Discharge  measurements  are  made  from 
a  boat  just  above  R.  L.  HilPs  boat  landing  or  by  wading  at  a  shoal  a 
short  distance  below.  Both  banks  are  high  and  will  probably  not  over- 
flow. There  is  one  channel  at  all  stages.  The  section  is  a  good  one. 
The  bench  mark  is  a  nail  in  a  large  elm  tree  on  the  left  bank  at  R.  L. 
Hill's  boat  landing.     Its  elevation  is  7.60  feet  above  datum. 

Discharge  measurements  of  Talking  Rock  Creek  near  CarterSy  Ga.,  in  1904- 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Discharge. 

May  26 

June  25 

0.  P.  Hall 

do 

FeeL 
59 
58 
22 

1 
Square  feet.  •  Feet  per  $ec. 

103             0.48 

97               .35 

18  '           2.22 

Feet. 
1.24 
1.08 
1.07 

Second-feet. 
49 
34 

August  23 

do 

40 

GHOGCX)LO0CO   GREEK   NEAR  JENIFER,  ALA. 

The  gage  at  this  station  was  established  August  20,  1902,  by  J.  M. 
Giles.  Measurements  were  first  made  by  J.  R.  Hall  in  1900.  It  is 
located  at  the  Louisville  and  Nashville  Railroad  bridge,  li  miles  north  of 
Jenifer,  Ala.  There  are  small  shoals  both  above  and  below  the  bridge. 
The  gage  consists  of  a  vertical  1  by  4  inch  pine  plank,  nailed  to  a  3  by 
8  inch  pine  timber  which  is  spiked  to  a  birch  tree  20  feet  upstream 
from  the  bridge  on  the  left  bank.  It  reads  from  0.30  to  10  feet.  The 
observer  is  W.  J.  Tolbert,  who  is  paid  by  the  Alabama  Geological 
Survey.  Discharge  measurements  are  made  from  the  single-span 
bridge  and  its  trestle  approach  on  the  right  bank.  The  initial  point 
for  soundings  is  the  end  of  the  bridge  on  the  left  bank,  and  distances 
are  marked  with  white  paint  on  the  upstream  guard  rail.  The  chan- 
nel is  straight  for  1,500  feet  above  and  below  the  station  and  has  a 
width  between  abutments  of  145  feet  and  100  feet  at  low  water.  The 
right  bank  overflows  at  a  gage  reading  of  about  6  feet.  The  left  bank 
is  high  and  will  not  overflow  except  under  the  bridge.  The  bed  is 
rocky  and  not  likely  to  change. 

Bench  mark  No.  1  is  the  top  of  a  crossbeam  at  a  point  50  feet  from 
the  initial  point  for  soundings.  Its  elevation  is  23.00  feet  above  the 
zero  of  the  gage.  Bench  mark  No.  2  is  a  copper  plug  in  the  upstream 
wing  of  the  left  abutment;  its  elevation  is  14.19  feet  above  the  zero  of 
the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
IRR  127—05 — -10 


146 


STREAM   MEASUREMENTS   IN    1904,  PART   IV. 


fiRo.ir. 


Discharge  measuremerUn  of  Choccohcco  Creek  near  Jenifer ,  Ala,j  in  190S  and  1904. 


Date. 

Hydrogjapher. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
heigbt. 

I>i$rluiret 

1903. 

Fed. 

Square  feet. 

Feel  per  sec. 

Feet. 

1 

July  23 

J.  M.  Giles 

96 

158 

1.17 

2.26 

W 

July  23 

do 

96 

157 

1.14 

2.25 

H 

August  20 

do 

98 

158 

1.16 

2.26 

1K3 

August  25 

do 

99 

174 

.84 

2.12 

w. 

October  2 

do 

85 
96 

115 
125 

.78 
1.04 

1.82 
2.08 

9f! 

November  14 . . 

do 

lari 

1904. 

1            * 

January  20 

J.  M.Giles 

95 

144 

.97 

2.09 

i 

February  12... 

W.  E.  Hall 

105 

228 

1.71 

2.82 

1 

February  12... 

M.  R.  Hall 

105 

219 

1.75 

2.85 

February  20... 

Murphy  andGiles 

100 

220 

1.74 

2.72 

:i^' 

March  10 

W.E.  Hall 

100 

183 

1.29 

2.40 

25^ 

May  27 

J.  M.  Giles 

85 

115 

.72 

1.80 

JC 

July  20 

W.E.  Hall 

85 

128 

.94 

1.99 

un. 

August  24 

J.M.Giles 

90 

134 

.92 

1.94 

IL*:: 

August  30 

do 

90 

135 

.92 

1.R5 

V2t 

September  22  . 

A.  T.  Michelson. 

90 

116 

.79 

1.71 

y-J 

October  12 

J.  M.  Giles 

86 

128 

.81 

1.83 

ICt: 

October  12 

do 

86 
86 
86 

127 
128 
129 

.78 
.73 
.79 

1.80 
1.75 
1.86 

»^ 

November  26-. 

do 

ft. 

November  26.. 

do 

IfC 

HALL  AND"! 
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Ala.,  for  1904. 

Day. 

Jan. 

1.90 
1.90 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
1.90 
1.90 
2.20 
2.30 
2.20 
2.00 
1.90 
2.40 
3.40 
2.80 
2.40 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 

Fob. 

Mar. 

Apr. 

May. 

2,10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.15 
2.15 
2.00 
1.90 
1.90 
1,90 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.80 
1.80 
1.75 
1.80 
1.80 
1.80 
2.00 

June. 

2.20 
2.20 
2.10 
1.90 
1.85 
1.86 
1.80 
1.80 
1.90 
1.80 
l.HO 
1.80 
1.80 
1.80 
1.75 
1.76 

July. 

2.10 
2.00 
2.20 
1.90 
1.80 
1.80 
1.80 
1.80 
1.90 
2.00 
2.10 
1.90 
1.80 
1.80 
1.80 
1.80 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.30 
8.80 
3.40 
2.80 
2.90 
2.80 
2.60 
2.50 
2.40 
2.30 
2.30 
2.20 
2.20 
2.60 
2.80 
2.80 
8.30 
3.20 
2.80 
2.60 
2.50 
2.50 
2.40 

2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.60 
2.60 
2.50 
2.40 
2.80 
2.80 
2.30 
3.00 
3.00 
2.85 
2.60 
2.50 
2.40 
2.36 
2.30 
2.30 
2.30 
2.26 
2.20 
2.20 
2.20 
2.25 
2.20 
2.10 
2.15 

2.10 
2.10 
2.16 
2,10 
2.10 
2.16 
2.10 
2.60 
2.80 
2.50 
2.40 
2.80 
2.20 
\    2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.06 
2.20 
2.26 
2.15 
2.00 

.  1.90 
2.00 
2.00 
2.00 
2.80 
2,20 
8.50 
8.60 
3.40 
2.70 
2.70 
4.00 
8.00 
2,50 
2.30 
2.40 
2.20 
2.20 
2.00 
2.00 
1.95 
1.95 
1.96 
1.90 
1.90 
1.90 
2.75 
2.10 
2.00 
1.95 
1.95 

1.8u 
1.80 
1.80 
1.80 
2.10 
2.00 
1.90 
1.80 
1.75 
1.75 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.66 
1.70 
1.70 
1.65 
1.70 
1.65 
2.10 
2.20 
2.00 
1.80 
1.80 
1.70 
1.70 
1.65 

1.66 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
1.80 
1.60 
1.50 
1.60 
.1.50 
1.60 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.50 

1.40 
1.40 
1.60 
1.70 
1.70 
1.80 
1.70 
1.70 
1.65 
1.60 
1.50 
1.40 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.80 
2.00 
1.80 
1.75 
1.70 
1.70 
1.70 
1.60 

1.60 

■> 

1.60 

3 

1.70 

4 

1.70 

p) 

1  80 

6 

2.00 

7 

2.20 

::::::::::::::: 

10 

1.90 
1.85 
1.80 

11 

1.80 

1.80 

13 

1  80 

11 

1.70 

15     

1.70 
1.70 

17 

1.75  1    1.80 
1.70       1.80 
1.70       1.70 
1. 70       2. 00 

1.70 

1  90 

19 

1.75 

20 

1  70 

21 

1.76 
1.80 
1.75 
1.80 
2.00 
1.90 
1.80 
1.80 
2.60 
2.60 

1.80 
1.75 
1.80 
1.75 
1,70 
1.65 
1.70 
1.70 
1.70 
2.25 
1.90 

l.fO 

1.60 

23 

i.eo 

1.60 

25 

1.70 

26 

l.SO 

27 

1.80 

2.70 

29 

2.60 

2.10 

31 

2.00 

Rating  table  for  Choccolocco  Creek  near  Jenifer,  Ala.,  from  January  1  to  December  SI, 

1904. 


Gage 
height 


Ftet. 
1.40 
1.50 
1.60 
1.70 
1.80 


Discharge. 


.Second-feet. 
62 
68 
76 

8e 

98 


Gage 
height. 


Feet. 
1.90 
2.00 
2.10 
2.20 
2.30 


Discharge. 


Second-feet. 
113 
130 
150 
173 
200 


Gage 
height. 

Discharge. 

F^. 

Second-feet. 

2.40 

230 

2.50 

263 

2.60 

300 

2.70 

340 

Gage 
heignt. 


Discharge. 


Feet. 

2.80 

2.90 

3.00 

3.10 


Second-feet. 
383 
430 
480 
530 


The  above  table  is  baaed  npon  twenty  discharge  measurementa  made  during  1903-^. 
It  is  well  defined  between  gage  heights  1.70  feet  and  2.80  feet.  Estiinatee  above  3.1 
feet  are  based  upon  a  tangent  with  a  dUEference  of  55  per  tenth. 
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[so-ir. 


EHimnted  monthly  discharge  of  Choccolocco  Creek  near  Jenifer ,  Alcu,  for  1904- 


Month. 


January  

February 

March 

April 

May 

Jane 

July 

August 

September 

October 

November 

December 

The  year 


DiBchoTgc  in  sectjod-feci. 


MinimumL.       MeuL 


113 

150 

150 

130 

92 

86 

81 

113 

81 

62 

62 

68 


I 


62 


165 
9)7 
231 
173 
116 
118 
109 
270 
101 
7«l!' 

s2.: 

112 


155 


TALLADEGA   GREEK  AT  NOTTINGHAM,  ALA. 

This  station  was  established  August  16,  1900,  by  J.  R.  Hall.  It  i> 
located  on  the  Southern  Bail  way  bridge,  a  fourth  of  a  mile  from  the 
depot  at  Nottingham,  Ala.,  and  1  mile  north  of  Alpine,  Ala.  The 
gage,  which  is  graduated  to  feet  and  tenths  and  is  20  feet  long,  is  fa.<- 
tened  vertically  to  a  tree  on  the  right  bank,  about  50  feet  upstream 
from  the  bridge.  The  observer  is  B.  M.  McClatchy,  station  i^ent  ai 
Nottingham,  who  is  paid  by  the  Alabama  Geological  Survey. 

The  initial  point  for  soundings  is  end  of  iron  bridge,  upstream,  right 
bank.  The  channel  is  straight  for  about  500  feet  above  and  below  tho 
station  and  the  current  is  sluggish  at  low  stages.  The  right  bank  i^ 
high  and  does  not  overflow;  the  left  bank  is  lower  than  the  right  and 
overflows  at  high  stages;  but  all  water  passes  beneath  the  bridge. 
The  bed  of  the  stream  is  of  sand  and  silt  and  is  fairly  constant. 

Bench  mark  No.  1  is  a  nail  on  the  upstream  corner  of  the  right  bank 
abutment;  its  elevation  is  14. 25  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  2  is  a  copper  plug  set  in  the  limestone  rock  at  a  large  spring: 
336  feet  above  the  railway  track  on  the  right  bank;  its  elevation  i^ 
6.28  feet  above  the  zero  of  the  gage.  The  station  was  discontinued  on 
December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  B.  Hall,  district  hydrographer. 
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THjicf targe  ineamrementtt  of  Talladega  Creek  at  Nottingham,  Ala.,  in  190S  and  1904, 
Date. 


Hydrugrapher. 


1903. 

May  25... 
July  27  . . . 
August  20. 
October  2 . 


J.  M.  Giles 

do  ... 

do  ... 

do... 


November  14. . .! do 


1904. 

January  20 

January  21 

February  20 

March  10 

May  27 

May  27« 

August  24 

September  22 . . 
December  13... 
December  13  o . 


J.  M.  Giles 

do 

Giles  and  Mur- 
phy. 

W.KHall 

J.  M.  Giles 

do 

do 

A.  T.  Michelson 

J.  M.  Giles 

do 


Width. 


Feet. 


70 
70 
70 

70 
55 
27 
69 
70 
66 
32 


Area  of 
Rection. 


Square  Jed. 
285 
267 
254 
228 
243 

259 
257 
295 

264 
188 

48 
225 
222 
214 

56 


Mean 
velocity. 

Gaffe 
height. 

Discharge. 

Feet  per  kc. 

FeeL 

Second-feeL 

0.85 

2.05 

243 

.42 

1.37 

111 

.46 

1.30 

116 

.25 

1.00 

57 

.33 

1.21 

80 

.41 

1.30 

105 

.39 

1.27 

100 

.79 

2.02 

233 

.55 
.23 
1.04 
.38 
.32 
.24 
.88 


1.51 
1.00 
1.00 
1.15 
1.03 
1.05 
1.05 


145 
44 
50 
86 
72 
52 
49 


a  Wagon  bridge  below  mill,  one-half  mile  above  railroad  bridge. 
Mean  daily  gage  height,  in  feet,  of  Talladega  Creek  at  Nottingham,  Ala,,  for  1904. 


Day. 


1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
SO. 
31. 


Jan. 


1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.30 
1.20 
1.50 
1.40 
1.30 
1.80 
1.30 
1.30 
1.30 
2.50 
1.80 
1.60 
1.40 
1.90 
4.00 
3.20 
2.00 
1.70 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 


Feb. 


1.80 
1.60 
1.70 
1.70 

i.e» 

1.60 
2.70 
3.80 
2.40 
2.40 
3.20 
2.40 
2.10 
1.80 
1.70 
1.70 
1.60 
1.60 
1.80 
2.10 
1.80 
2.00 
2.40 
2.10 
1.90 
1.80 
1.70 
1.60 
1.60 


Mar. 


Apr. 


May. 


June. 


July. 


1.60 

1.30 

1.16 

1.50 

1.90 

1.10 

1.50 

1.85 

1.10 

1.60 

1.35 

1.10 

1.40 

1.35 

1.10 

1.40 

1.40 

1.00 

2.00 

1.40 

1.00 

1.80 

1.60 

1.10 

1.65 

1.40 

1.00 

1.56 

1.35 

1.00 

1.60 

1.35 

1.00 

1.50 

1.40 

1.00 

1.60 

1.85 

1.00 

2.50 

1.30 

1.00 

2.20 

1.90 

1.00 

1.80 

1.30 

1.00 

1.65 

1.30 

1.00 

1.65 

1.30 

1.00 

1.55 

1.30 

1.00 

1.50 

1.30 

1.00 

1.60 

1.30 

1.00 

1.45 

1.80 

1.00 

1.40 

1.90 

1.00 

1.40 

1.80 

1.00 

1.40 

1.25 

1.00 

1.40 

1.25 

1.00 

1.40 

1.25 

1.00 

1.40 

1.20 

1.00 

1.35 

1.20 

1.00 

1.85 

1.20 

1.00 

1.35 

1.20 

1.20 

1.40 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.85 

.80 

1.00 

1.00 

.90 

.90 

.90 

.85 

.85 

1.00 

.90 

.90 

2.15 

2.20 


1.70 
1.20 
1.20 
1.10 
1.10 
1.10 
1.05 
1.00 
1.00 
1.10 
1.00 
1.80 
1.80 
1.25 
1.10 
1.06 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.10 
1.20 
1.10 
1.06 
1.10 
1.05 
1.40 
1.60 


Aug. 

Sept. 
1.00 

Oct. 

Nov. 
0.90 

1.75 

1.00 

2.45 

1.00 

1.00 

1.00 

1.35 

1.00 

1.00 

1.10 

2.10 

1.05 

1.00 

1.10 

5.60 

1.00 

1.00 

1.10 

3.20 

1.00 

1.10 

1.10 

2.65 

1.00 

1.10 

1.10 

5.70 

1.00 

1.00 

1.05 

4.10 

1.00 

1.00 

1.05 

3.00 

1.00 

1.00 

1.05 

3.10 

1.00 

1.00 

1.05 

2.40 

1.00 

1.00 

1.06 

2.00 

1.00 

1.00 

1.10 

1.70 

1.00 

1.00 

1.20 

1.65 

1.00 

1.00 

1.20 

2.10 

.95 

1.00 

1.20 

1.55 

.95 

1.00 

1.15 

1.40 

.95 

1.00 

1.15 

1.35 

.96 

1.00 

1.10 

1.30 

.96 

1.00 

1.06 

1.20 

1.00 

1.00 

1.06 

1.15 

1.06 

1.00 

1.20 

1.10 

1.40 

1.00 

1.45 

1.00 

1.20 

1.00 

1.80 

1.00 

1.00 

.96 

1.20 

1.50 

1.00 

.96 

1.15 

1.40 

1.00 

.90 

1.10 

1.20 

1.00 

.90 

1.10 

1.10 

1.00 

.90 

1.10 

1.10 

1.00 

.90 

1.10 

1.00 

.90 

I>ec. 

1.10 
1.10 
1.10 
1.05 

Lao 

1.20 
1.15 
1.10 
1.10 
1.10 
1.05 
1.05 
1.06 
1.05 
1.06 
1.06 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 

i.ob 

1.00 
1.20 
1.60 
2.60 
2.90 
1.70 
1.40 
1.20 
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Hating  table  for    Talladega    Creek  at  NotlvnglMm^  Ala.,  from  January   1  to  Dtrtm- 

ber  Sly  1904. 


(lage 
height. 

Discharge. 

Fed. 

Second-Jet't. 

0.80 

20 

.90 

34 

1.00 

50 

,     1.10 

66 

•     1.20 

82 

1.30 

98 

1.40 

116 

1.60 

134 

1.60 

152 

Gage 
height. 


Fed. 

Second-feei 

1.70 

172 

1.80 

192 

1.90 

213 

2.00 

235 

2.10 

257 

2.20 

279 

2.30 

302 

2.40 

326 

2.50 

350 

Dischargti. 

1 

Gage 
height. 

Second-fed. 

! 

Fed. 

172 

2.60 

192 

2.70 

213 

2.80 

235 

2.90 

257 

1    3.00 

279 

1     3.10 

302 

3.20 

326 

!    3.30 

350 

1 
1 

Dischargf. 


Seeondrjed.  •      FetL         Seeand'/ni. 


374 
400 
426 
452 
478 
504 
532 
560 


3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


588 
616 
&44 
672 
700 
730 
760 
790 


The  above  table  ifl  poorly  defined.  It  is  based  upon  dischai^  measureinent« 
made  during  1903  and  1904.  The  table  has  been  extended  beyond  ^age  height  o 
feet. 

Estimates  of  discharges  al)ove  4  feet  by  logarithmic  diagram. 

Estimated  monthly  discharge  of  Talladega  Creek  at  Nottingham^  Ala.,  for  1904^ 

[Drainage  area,  156  square  miles.] 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet 


Runoff. 


Maximum. 


760 
700 
350 
134 

82 

279 

192 

1,320 

116 

66 
125 
452 


Minimum. 


1,320 


66 
98 
107 
82 
50 
20 
50 
50 
42 
34 
34 
60 


Mean. 


Second-feel 

per  square 

mile. 


20 


152 

239 

150 

101 
54.4 
63.3 
78.1 

278 
52.5 
47.9 
69.0 
91.7 


115 


0.974 
1.53     i 
.962  ' 
.647  . 
.349 
.406  ' 
.501 
1.78     I 
.337 
.307 
.442 
.588  i 


.735 


Depth  in 
inciM^ 


1.11* 
l.tin 
1.11 


7L'L* 


.44rj 
.453 
.  57s 

.376 
.354 
.493 
.67S 

9.99 


TALLAPOOSA   RIVER  AT   BUCHANAN   BRIDGE,  NEAR  TALLAPOOSA,  OA. 

This  station  was  established  as  a  bench-mark  station  October  21, 1901, 
by  M.  B.  Hall.     It  is  located  at  Buchanan  Bridge,  about  4  miles  north 
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of  Tallapoosa,  Gra.,  and  about  2  miles  above  the  station  on  Tallapoosa 
River  at  Adderhold  Bridge.  Discharge  measurements  are  made  from 
the  single-span  iron  highway  bridge,  having  trestle  approach  of  100 
feet  on  the  right  bank  and  50  feet  on  the  left  bank.  The  initial  point 
for  soundings  is  the  end  of  the  bridge  at  the  right  bank,  downstream 
side.  The  channel  is  straight  for  about  800  feet  above  and  1,000  feet 
below  the  station.  The  current  is  moderate  above  and  swift  below  the 
measuring  section.  The  banks  rarely  overflow.  The  bed  of  the  stream 
is  composed  of  rock  and  gravel,  free  from  vegetation,  and  is  probably 
constant.  There  is  but  one  channel  at  all  stages,  broken  at  the  higher 
levels  by  the  piers  and  trestlework  of  the  bridge.  The  bench  mark  is 
the  top  of  the  downstream  end  of  the  center  floor  beam,  the  third  from 
either  end.     Its  elevation  is  25.25  feet  above  gage  datum. 

Discharge  mecuuremenU  of  Tallapoosa  River  at  Buchanan  Bridge^  near  Tallapoosa,  Ga., 

in  1904. 


Date. 


March  26 

May  14 

.July  19 

August  31 

September  26 . . 


Hydroerrapher. 

width. 

Area  of 
section. 

Mean 
velocity. 

(ia^e 
height. 

Feet. 

HquareJteL 

Feet  per  nee. 

Feel. 

W.KHall 

71 

161 

1.12 

1.55 

J.M.Giles 

39 

96 

.41 

.83 

W.E.Hall 

39 

S9 

.25 

.65 

J.M.Giles 

38 

99 

.59 

.81 

A.T.Mitchelson 

40 

90 

.37 

.71 

Discharge. 

Secondrfeet. 
180 
39 
22 
59 
33 


TALLAPOOSA  RIYEB  AT  ADDERHOLD  BRIDGE,  NEAR  TALLAPOOSA,  OA. 

This  station  was  established  as  a  bench-mark  station  Januar}^  7, 1901, 
by  M.  R.  Hall.  It  is  located  at  Adderhold  Bridge,  about  2  miles  north 
of  Tallapoosa,  Ga.,  and  about  2  miles  below  the  station  on  Tallapoosa 
River  at  Buchanan  Bridge.  Discharge  measurements  are  made  from 
the  downstream  side  of  the  single-span  iron  highway  bridge,  which 
has  trestle  approaches  at  either  end.  The  initial  point  for  soundings  is 
the  end  of  the  bridge  at  the  left  bank,  downstream  side.  The  channel 
is  straight  for  about  300  feet  above  and  500  feet  below  the  station. 
The  current  is  swift  above  and  sluggish  below.  Both  banks  are  wooded 
and  are  subject  to  overflow  under  the  trestle  approaches  during  high 
water.  The  bed  of  the  stream  is  composed  of  sand,  and  probably 
constant.  There  is  but  one  channel  at  all  stages,  broken  during  the 
higher  levels  by  the  piers  and  trestlework  of  the  bridge.  The  bench 
mark  is  the  top  of  the  downstream  end  of  the  first  floor  beam  from  the 
left  bank.     Its  elevation  is  22.00  feet  above  gage  datum. 
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Discharge  ineasureinenls  of  TaUapooaa  River  at  Adderhold  Bridge^  near  TaUapoomi,  Go., 

in  1904. 


Date. 


March  9 

March  26 

May  14 

July' 19 

August  31 

September  26 


Hydrographer. 

Width. 

Area  of      ' 
section.     | 

W.  E.  Hall.... 

Ftd. 
78 

Square/eet. 
250 

M.R.andW.E. 
Hall. 

75 

232 

J.  M.  Giles.... 

65 

168 

W.  E.  Hall.... 

75 

159 

J.  M.  Giles 

78 

205 

A.  T.  Mitchelson 

78 

181 

Mean 
velocity. 


Feet  per  KC. 
1.10 

.94 

• 
.35 

.20 

.39 

.27 


Ga^e 


hei?h\   i  I>«1»«W- 


1.20 
1.22 


274 

21S 


I 


.60 
.30 
.65 
.39 


JiU 


.^' 


TALLAPOOSA   RIVER   NEAR  HEFLIN,  ALA. 

This  station  was  established  as  a  bench-mark  station.  It  is  locateii 
at  Denman's  wagon  bridge,  about  7  miles  southwest  of  Ileflin,  Ala.,  on 
the  road  to  Wedowee,  Ala.  The  elevation  of  the  water  surface  at  the 
time  of  each  discharge  measurement  is  referred  to  a  common  datum. 
Discharge  measurements  are  made  from  the  downstream  side  of  the 
two-span  wooden  bridge  resting  upon  three  trestle  bents  and  short 
trestle  approaches  on  each  side.  The  floor  of  the  bridge  is  al>out  2" 
feet  above  low  water.  The  initial  point  for  soundings  is  at  the  center 
of  the  trestle  bent  at  the  left  end  of  the  bridge  on  the  downstream  side. 
The  channel  is  straight  for  about  800  feet  above  and  500  feet  below  the 
station.  The  current  is  moderate  above  and  sluggish  below  the  meas- 
uring section.  The  right  bank  is  high,  but  is  subject  to  overflow  dur- 
ing high  stages.  The  left  bank  is  high  and  overflows  only  at  extreme 
high  water.  The  bed  of  the  stream  is  composed  of  gravel,  free  from 
vegetation.  There  is  but  one  channel  at  all  stages,  broken  by  the  pile 
supports  of  the  bridge.  The  section  is  a  fairly  good  one.  At  an  old 
ford  a  short  distance  below,  the  section  is  good  for  wading.  The  bench 
mark  is  the  top  of  the  downstream  end  of  the  cap  beam  of  the  center 
pile  bent  of  the  bridge.     Its  elevation  is  24.00  feet  above  gage  datum. 

Discharge  measurements  of  Tallapoosa  River  near  HefUUy  Ala.^  in  1904* 


Date. 


September  24 
November  3.. 
November  4 . . 
December  14. 
December  15. 


A.  T.  Mitchelson 

J.  M.  Giles 

do 

do 

do 


Width. 

Area  of 

section. 
1 

Mean 
velocity. 

height. 

Feet. 

Sqtiare/eet. 

Foot  per  sec. 

Feet. 

107 

201 

0.68 

1.18 

90 

142 

.44 

.80 

98 

173 

.53 

1.15 

114 

267 

.68 

1.67 

114 

249 

.65 

1.60 

Dit<rharir*'. 

Seeomi-/€rt 

187 

&2 

92 

181 

162 
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TALLAPOOSA   RIVER  AT  8TURDEVANT,  ALA. 

This  station  was  established  July  19,  1900,  by  J.  R.  Hall.     It  is 
located  at  the  Columbus  and  Western  Railroad  bridge,  a  fourth  of  a 
mile  west  of  Sturdevant.     This  railroad  belongs  to  the  Central  of 
(xeorgia  Railway.     This  station,  being  above  the  big  new  darns  at 
Xallassee,  is  intended  to  replace  Milstead  station.     Map  and  profile  of 
"^rallapoosa  River  is  published  in  Twenty -second  Annual  Report,  part 
4-.     The  gage  is  a  vertical  timber  in  two  sections.     The  first  section, 
i-eading  from  zero  to  5.2  feet,  is  fastened  to  a  post  on  the  east  bank 
about  20  feet  below  the  bridge.     The  second  section,  reading  from  5 
to  20  feet,  is  fastened  to  the  east  side  of  the  first  pier  in  the  water  on 
the  east  bank.     The  gage  is  read  once  each  day  by  C.  J.  Stowe,  who 
is  paid  by  the  Alabama  Geological  Survey.     At  ordinary  stages  dis- 
charge measurements  are  made  from  a  footway  supported  by  the  brac- 
ing of  th|e  lower  chord  of  the  deck  bridge.     At  low  stages  measure- 
ments are  made  from  a  boat  or  by  wading  about  2,000  feet  upstream 
or  about  500  feet  below  the  bridge.     Tl^e  initial  point  for  soundings 
is  the  end  of  the  iron  bridge  on  the  east  or  left  bank,  downstream  side. 
Distances  are  marked  in  white  paint  along  the  hand  rail  of  the  footway. 
The  channel  is  slightly  curved  directly  above  the  bridge  and  for 
about  one-half  mile  below.     The  current  is  swift  and  much  broken  by 
shoals  below  the  bridge,  but  is  sluggish  at  low  stages  at  and  near  the 
station.     Both  banks  are  high,  the  right  overflowing  for  about  150 
feet  and  the  left  for  about  200  feet.     The  bed  is  of  rock  and  gravel 
and  is  probably  permanent. 

Bench  mark  No.  1  is  a  wire  nail  driven  in  the  southwest  corner  of 
the  second  pier  on  the  east  bank.  Its  elevation  is  14.20  feet  above 
the  zero  of  the  gage.  Bench  mark  No.  2  is  a  copper  plug  set  in  solid 
rock  in  the  bed  of  the  river  about  80  feet  below  the  bridge,  at  a  point 
400  feet  from  the  end  of  the  bridge  at  the  left  bank.  This  is  solid 
bed  rock  projecting  above  the  water  at  ordinary  stages.  Its  elevation 
is  4.89  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  a  white 
paint  mark  on  the  top  of  the  downstream  end  of  the  lower  crossbeam 
at  a  point  278  feet  from  the  initial  point  for  soundings.  Its  elevation 
is  27.65  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  meamrtmerUs  of  TaUapoosa  River  at  Sturdevant,  Ala.,  in  19QS  and  2904. 


Date. 


1903. 

May  22 

July  25«... 
August  22  a 

August  24. 
August  24  « 

October  3« .do 

October  3 ' do 

November  24  « do 


Hydrographer. 


J.  M.  Giles. 
W.  E.  Hall 
J.  M.  Giles. 
....do  .... 
....do.... 


1904. 

January  25 

March  11 

April  12 

May  28« 

May  28a 

August  25 do 

August  26 do 

August  27 1 do 

October  13«  ...| do 

October  13ft.... do 

October  13c i do 

October  18ft i do 

October  18ft I do 

October  18ft ' do 

December  12« do 


Feet. 
378 
228 
236 
269 
190 
165 
181 
190 

389 

370 

321 

165 

165 

317 

375 

399 

135 

67 

60 

66 

66 

66 

180 


Area  of 
section. 


Square/eei. 


2,894 

2,742 

2,310 

553 

558 

2,219 

2,626 

3,505 

422 

305 

242 

309 

301 

300 

671 


Mean 
velocity. 


F^et  per  sec. 


3,274 

1.40 

1,068 

2.10 

1,096 

1.68 

2,070 

.71 

831 

1.94 

650 

1.28 

646 

1.29 

806 

1.42 

1.28 

1.04 

.  87 

1.08 

1.06 

.74 

1.13 

2.37 

.77 

1.07 

1.25 

.91 

.91 

.90 

1.47 


Gafre 
height. 


FeeL 
4.00 
2.45 
2.20 
1.88 
1.86 
1,05 
1.05 
1.58 

3.57 

3.05 

2.40 

.65 

.65 

2.12 

3.14 

5.50 

.03 

.03 

.03 

-  .10 

-  .10 

-  .10 
1.45 


I 


^^\     1 


Di»chai|re. 

Seeomd-ttfL 
4,  .>t» 

2,247 

1,S3: 

l,4.v» 
1,616 

83ri 
1,148 

2,8tiri 
2,011 

l.64:> 

2,i*7S 

8,2^1* 
^24 
32tJ 
303 
282 


270 

984 


<i  At  shoal  one-third  mile  above  Central  of  Georgia  Jlailroad  bridge. 
b  From  boat  150  yards  below  bridge. 
o  From  boat  200  yards  below  bridge. 


BALL  AND' 
HOYT. 

lifain  daily  gage 

MOBILE    RIVER   DRAINAGE    BASIN. 

height f  in  feet  ^  of  Tallapoosa  River  at  Sturdet'anty 

155 

Ala.  f  for  1904. 

Day. 

Jail. 

1.7 
1.7 
1.8 
1.8 
1.7 
1.7 
1.8 
1.9 
2.4 
8.3 
2.8 
2.5 
2.8 
2.8 
2.1 
2.0 
3.9 
3.4 
3.2 
3.0 
2.6 
3.8 
5.4 
4.3 
3.6 
3.1 
2.8 
2.5 
2.5 
2.4 
2.4 

Feb. 

2.6 
2.8 
2.6 
2.7 
2.7 
2.9 
3.4 
5.8 
5.1 
4.4 
6.3 
4.8 
4.1 
3.6 
3.8 
3.0 
2.9 
2.8 
2.8 
8.6 
3.7 
4.6 
5.1 
4.8 
4.1 
3.6 
3.2 
3.1 
2.9 

Mar. 

2.8 
2.9 
3.3 
2.9 
2.8 
2.6 
4.9 

• 

4.2 
3.9 
3.6 
3.1 
2.9 
2.7 
3.4 
3.3 
3.3 
3.0 
2.9 
2.8 
2.7 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.2 

Apr. 

2.2 
2.2 
2,1 
2.1 
2.0 
2.0 

May. 

June. 

3.2 

2.5 

2.1 

1.8 

1.6 

1.6 

1.4 

1.2 

1.1 

1.0 

.9 

.9 

.7 

July. 

2.3 

2.0 

1.9 

1.8 

1.5 

1.1 

1.4 

1.2 

.6 

.6 

.8 

1.3 

3.0 

Aug. 

Sept. 

1.6 

1.4 

1.3 

1.2 

1.1 

1.1 

1.6 

1.6 

1.3 

1.1 

l.Q 

.9 

.8 

.8 

.7 

.7 

.6 

.6 

.6 

.5 

.5 

.9 

2.0 

2.6 

Oct. 

0.5 
.4 
.3 

.2 
.1 
.1 
.1 
.1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

-  .1 

-  .1 

.0 
.0 

-  .1 

-  .1 

-  .1 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .1 

-  .1 

Nov. 

Dec. 

1 

1.8 
1.9 
1.8 
1.7 
1.6 
1.5 

3.0 
2.8 
2.3 
3.1 
5.4 
6.1 
5.6 
13.4 
9.1 
8.5 
7.1 
6.0 
4.3 
3.5 
3.0 
4.5 
3.2 
3.8 
3.0 
2.5 
2.2 
2.0 
1.8 
1.6 

-0.1 

.0 

.1 

.3 

.7 

.9 

.9 

.8 

.8 

.8 

.7 

.6 

.7 

.7 

.8 

.9 

.8 

.9 

.8 

.9 

1.0 

1.2 

2.0 

1.9 

1.6 

1.3 

1.1 

1.0 

.9 

.9 

0.9 

2 

1.0 

3 

1.4 

4 

1.5 

5 

1.9 

6 

2.5 

7 

2.2  ;      1.5 
3.4         1.5 
3. 4         1. 4 

2.6 

8 

2.3 

9 

2.0 

10 

2,9 
2.7 
2.4 

1.4 
1.4 
1.3 

1.7 

11 

1.5 

12 

1.4 

13 

2.2  1      1.3 

1.4 

2,1 
2.0 
2.0 
2.0 

1.6 

1.4 
1.3 
1.3 

.6  !      1.6 

1.3 

15 

.6 

.5 

.5 

.4 

.3 

.2 

.2 

.4 

1.2 

1.4 

1.3 

1.0 

.9 

.8 

4.4 

2.3 

1.0 

.7 

.6 

.5 

1.5 

.6 

.3 

.6 

1.3 

2.8 

1.5 

1.0 

.7 

.7 

1.2 

2.5 

2.6 

1.2 

16... 

17 

1.2 
1.3 

18 

1.9         1.2 

1.3 

19 

•    1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
2.0 

1.2 

1.1 

1.1 

1.0 

.9 

.9 

.8 

.7 

1.2 

20 

1.1 

21 

1.1 

1.1 

23 

1.1 

1.1 

25 

2.1         1.7 
3.5         1.0 

1.7 

1.8 

27 

1.9           .7 
2.0           .6 

5.0 
3.5 
2.6 
2.3 
1.9 

.8 
.7 
.6 
.5 



3.4 

4.8 

29 

2.1 
2.0 

.6 

.6 

2.8 

4.0 

30 

2.9 

31 

2.6 

Rating  table  for  Tallapoosa  River  at  Slurdevanty  Ala.,  from  January  1  to  December  31, 

1904. 


Gage 
hei^t. 

DiMchargc. 

Gage 
height. 

Discharge. 

Gage 

height. 

1 

'      Feet. 

Discharge. 
Second-feet.  \ 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

1 

Second-feet. 

Second-feet. 

0.20 

250 

•   1.00 

IIA 

2.40 

1,985 

4.80 

6,250 

-  .10 

275 

,     1.10 

1 

834 

2.60 

2,230 

5.00 

6,740 

.00 

305 

!    1.20 

897     j 

2.80 

2,495 

5.20 

7,240 

.10 

339 

1.30 

963 

3.00 

2,780 

5.40 

7,760 

.20 

377 

1.40 

1,032 

3.20 

3,085 

5.60 

8,300 

.30 

418 

1.50 

1,105 

3.40 

1 

3,410 

5.80 

8,860 

.40 

462 

1.60 

1,182 

i    3.60 

3,755 

6.00 

9,430 

.50 

509 

1.70 

1,264 

3.80 

4,120 

7.00 

12,380 

.60 

558 

1.80 

1,352 

*                      1 

4.00 

4,500 

8.00 

15,480 

.70 

609 

1.90 

1,446 

4.20 

4,900 

9.00 

18,690 

.80 

662 

2.00 

1,545 

4.40 

5, 330 

.90 

717 

2.20 

1,757 

4.60 

1 

'  5,780 
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The  preceding  table  is  based  upon  fifteen  discharge  measurements  made  during  l^fH 
and  some  during  1903.    Above  6  feet  it  is  based  on  four  measurements  made  in  1^6. 

Estimated  monifUy  discharge  of  Tallapoosa  River  at  JSturdevaiU,  Ala.,  for  IS04. 

[Drainage  area,  2,500  square  miles.] 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November . 

December 

The  vear 


Discharge  in  second-feet. 


Maximum. 


7,760 
8,860 
6,490 
3,410 
2,495 
5,330 
2,780 
34,200 
2,230 
509 
1,545 
6,250 


Minimum. 


34,200 


1,264 

2,230 

1,757 

1,352 

558 

377 

418 

l,ia5 

509 

250 

275 

717 


Mean. 


Run-oJT. 


Seoond-leet 

per  squAre 

mile. 


250 


2,500 

4,089 

2,749 

1,757 

991 

1,084 

1,086 

5, 855 

850 

314 

722 

1,562 


1,966 


1.00 

1.64 

1.10 
.703 
.396 
.434 
.434 

2.34 
.340 
.126 
.290 
.625  ^ 


incbe- 


1.15 
1.77 
1.27 
.7M 

.4.V> 
.AM 

.  tiilO 
2.70 

.14-^ 


.786 


10.6!> 


LITTLE   TALLAPOOSA   RIVER  3   MILES   NORTH   OF   WEDOWEE,  ALA. 

This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  "Iron"  highway  bridge,  3  miles  north  of  Wedowee,  Ala.,  on  the 
Wedowee-Heflin  road.  Discharge  measurements  are  made  from  the 
downstream  side  of  the  single-span  bridge,  the  floor  of  which  is  26  to 
28  feet  above  low-water  surface.  The  initial  point  for  soundings  i> 
the  end  of  the  bridge  at  the  left  bank,  downstream  side.  The  channel 
is  straight  for  about  1,000  feet  above  and  800  feet  below  the  station. 
The  current  is  moderate.  The  right  bank  is  fairly  high,  fringed  with 
trees,  and  overflows  during  high  water.  The  left  bank  is  high,  w^ooded 
above,  and  cultivated  below  tlie  bridge,  and  not  subject  to  overflow. 
The  bed  of  the  stream  is  composed  of  clean  gravel.  There  is  but  one 
channel  at  all  stages.  There  is  a  small  sand  reef  just  above  the  bridge 
near  the  right  bank;  otherwi^^e,  this  is  a  good  section.  Bench  mark 
No.  1  is  the  top  of  the  large  nut  on  pin  connecting  eyebars  of  lower 
chord  at  end  of  first  floor  beam  from  the  left  bank  on  the  down- 
stream side  of  the  bridge.  Its  elevation  is  25.00  feet  above  gage 
datum.  Bench  mark  No.  2  is  a  chisel  mark  on  the  intermediate  post 
above  the  same,  downstream  end  of  first  floor  beam.  Its  elevation  b 
32.00  feet  above  gage  datum. 
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DUtchitrge  meaniremenls  of  Little  TaUapoosa  River  S  miles  north  of  Wedowee^  Ala.  ^  in  1904, 


Date. 


Septeml)er  23 
November  3  . 


Hydrographcr. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

A.T.Mitchelson 
J.  M.  Giles 

130 
115 

Square/eet. 
431 
385 

Fed  per  Bee. 

0.54 

.26 

FkL 
1.48 
1.20 

Diflcharge. 


Second-feeL 
236 
102 


LITTLE  TALLAPOOSA   RIVER    6    MILES    NORTHWEST    OF    WEDOWEB,    ALA. 

This  station  was  established  as  a  bench-mark  station.  It  is  located 
at  the  highway  bridge  about  6  miles  northwest  of  Wedowee  and  several 
miles  above  the  mouth  of  the  river.  Discharge  measurements  are 
made  from  the  downstream  side  of  the  iron  bridge,  which  consists  of 
a  single  span  of  140  feet  with  trestle  approaches  100  feet  long  at  each 
end..  The  floor  of  the  bridge  is  about  28  feet  above  low  water.  The 
initial  point  for  soundings  is  the  center  of  the  pier  at  the  left  bank, 
downstream  side.  The  channel  is  straight  for  about  500  feet  above 
and  1,000  feet  below  the  station.  The  current  is  swift.  Both  banks 
are  clean,  and  overflow  only  under  the  trestle  approach.  The  bed  of 
the  stream  is  composed  of  rock  and  gravel,  free  from  vegetation,  and 
is  constant.  There  is  but  one  channel  at  low  water,  broken  at  high 
water  by  the  piers  and  trestle  approach  of  the  bridge.  Bench  mark 
No.  1  is  the  downstream  end  of  the  second  floor  beam  from  the  left 
bank.  Its  elevation  is  27.00  feet  above  gage  datum.  Bench  mark 
No.  2  is  a  chisel  mark  on  the  intermediate  post  at  this  floor  beam. 
Its  elevation  is  32.00  feet  above  gage  datum. 

Discharge  measurements  of  Little  Tallapoosa  River  6  miles  northwest  of  Wedowee^  Ala., 

in  1904' 


Date. 


November  4  . 
December  14. 
December  15. 


Hydrographcr. 


J.  M.  Giles 
do  --•.. 

do  .... 


Width. 


Area  of 
section. 


Mean 
velocity. 


Gage, 
height. 


Ft€t. 

120 
126 
125 


,  St/uarcfeel. 

Feet  per  tec. 

Feet. 

283 

0.44 

0.70 

329 

.64 

1.02 

327 

..65 

1.02 

Discharge. 

Second-feeL 
124 
211 
214 


OAHABA   RFVEH   AT  CENTERVILLE,  ALA. 

The  station  was  established  on  August  -7,  1901,  and  is  situated  at 
the  iron  highway  bridge  one-fourth  mile  west  of  Centerville,  Ala.,  one- 
half  mile  above  the  Mobile  and  Ohio  Railroad  bridge.  The  bridge  is 
a  single  span  supported  by  tubular  iron  piers. 

The  chain  gage  is  fastened  to  the  timber  fencing  along  the  down- 
stream side  of  the  bridge.     The  pulley  is  100  feet  from  the  initial 
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point,  which  is  the  end  of  the  iron  bridge  on  the  left  bank,  down- 
stream side.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  marker  is  61.35  feet.  The  observer  is  Clyde  Lowrey,  who  is  paid 
by  the  Alabama  Geological  Survey. 

The  channel  is  straight  for  1,500  feet  above  the  station  and  for  one- 
half  mile  below.  The  current  is  swift.  The  right  bank  overflows  at 
extreme  high  water.  The  left  bank  overflows  only  under  the  approach 
to  the  bridge.     The  bed  is  nearly  all  rock,  and  there  is  but  one  channel. 

Bench  mark  No.  1  is  the  downstream  end  of  the  floor  beam  100  feel 
from  the  initial  point  for  soundings  and  is  42.85  feet  above  gage  datum. 
Bench  mark  No.  2  is  a  copper  plug  set  in  a  solid  rock  about  6  feet 
from  the  edge  of  the  water  and  250  feet  below  the  bridge  on  the  left 
bank.     Its  elevation  is  6.44  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  meamtremenis  of  Cahaha  River  at  CenterviUe^  Ala.y  in  1 90S  and  1904. 


Date. 


Hydrographer. 


1903. 
April8«.. 
April  9  ft 
June  17 « 
June  18  « 

July20« I do 

July  21 « do 

September  28  a do 

September  29  « do 

November  8  « do 

November  10  « do 


1904. 
February  22 
June  25  c  ... 

Augusts 

August  4 

Octol^er  31 . . 
October  31 . . 


Murphy  &  (liles 

J.  M.  Giles 

do 


.do 
.do 
do 


Width. 

Area  of 
section. 

Feet, 

Square/eel. 

161 

906 

180 

1,834 

125 

416 

125 

414 

140 

591 

127 

482 

107 

311 

100 

314 

110 

338 

100 

329 

• 

145 

556 

100 

207 

128 

315 

128 

304 

113 

189 

113 

196 

veltSty.        hei^t.    l  !>«»*»«*■ 


Fedperttc. 

1.80 

1.21 

1.00 

.95 

1.28 

1.07 

.68 

.69 

.60 

.68 

1.54 
1.00 
1.33 
1.25 
.54 
.55  I 


Feet, 
5.15 
6.65 
2.05 
2.0O 
3.23 
2.3« 
1.31 
1.30 
1.32 
1.40 

3. 47 
1.29 
1.97 
1.88 

.86 

.88 

-A 


Scenmd-}'-'. 
1, 6^7 

7'>7 
21> 

2«r; 


3S1 


n  Measurement  taken  at  wagon  bridge. 

t>  Measiirement  taken  at  Mobile  and  Ohio  Railroad  bridge. 

<"  Channel  Hilted  badly. 


HAI.L  AND"! 
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Mean  daily  gage  heighlf  in  feet,  of  Cahaha  River  at  CenierviUe,  Ala.,  for  1904. 


Day. 


1. 
2. 

3. 

4. 

5. 

6. 

7. 

S. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26, 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

1.5 

- 

2.9 

1.5 

2.9 

1.6 

2.9 

1.5 

2.7 

1.6 

2.6 

1.5 

2.8 

1.8 

6.7 

1.9 

11.5 

2.2 

6.0 

2.8 

6.4 

8.1 

10.0 

2.2 
2.0 
1.8 
1.8 
1.8 
2.9 
2.6 
2.4 
2.1 
2.0 
10.2 
8.8 
4.8 
3.4 
3.0 
2.4 
2.6 
2.7 
2.9 
2.8 


7.2 
5.5 
5.4 
4.6 
4.1 
3.3 
3.1 
8.0 
3.8 
3.3 
8.5 
3.3 
8.2 
3.1 
3.0 
2.9 
2.8 
2.7 


2.6 
2.5 
2.4 
2.3 
2.2 
3.0 
6.4 
7.0 
5.4 
4.2 
3.8 
3.4 
3.1 
3.8 
5.4 
4.3 
3.9 
3.6 
3.5 
3.3 
8.0 
2.9 
2.8 
2.8 
2.7 
2.6 
2.4 
2.3 
2.2 
2.1 
2.0 


Apr. 


2.2 
2.3 
2.2 
2.1 
2.1 
2.1 
2.2 
2.6 
8.1 
2.6 
2.4 
2.3 
2.2 
2.1 
2.1 
2.0 
2.0 
2,0 
1.9 
1.9 
1.8 
1.7 
1.7 
1.6 
1.6 
1.7 
1.7 
1.6 
1.6 
1.6 


May. 

June. 
1.5 

July. 
1.3 

1.6 

1.6 

1.4 

1.4 

1.6 

1.2 

1.3 

1.6 

1.2 

1.5 

1.5 

1.2 

1.4 

1.6 

1.2 

1.3 

1.4 

1.8 

1.8 

1.5 

2.5 

1.2 

1.6 

1.7 

1.6 

1.6 

1.6 

1.7 

1.6 

1.6 

1.5 

1.7 

1.4 

1.3 

1.6  ' 

1.3 

1.2 

1.6 

1.8 

1.3 

1.5 

1.2 

1.2 

1.4 

1.2 

1.2 

1.4 

1.1 

1.3 

1.3 

1.1 

1.3 

1.3 

1.1 

1.2 

1.8 

1.1 

1.1 

1.8 

1.0 

1.1 

1.3 

1.0 

1.1 

1.2 

1.0 

1.6 

1.2 

1.2 

1.8 

1.2 

1.3 

1.8 

1.2 

1-2 

1.2 

1.2 

1.3 

1.4 

1.3 

1.2 

2.1 

1.2 

1.1 

1.7 

1.4 

1.0 

1.7 

1.6 

1.6 

1.6 
1.6 
2.0 
2.2 
2.0 
2.0 
7.1 
5.5 
5.1 
4.7 
3.7 
3.7 
3.8 
2,8 
5.6 
3.6 
2.5 
2.0 
1.8 
1.6 
1.4 
1.4 
1.3 
1.8 
1.2 
1.5 
1.3 
1.3 
1.2 
1.5 
1.3 


Sept. 

Oct. 

1.2 

1.0 

1.2 

1.0 

1.1 

.9 

1.7 

.9 

1.5 

.9 

1.4 

.9 

1.2 

.9 

1.8 

.9 

1.3 

1.0 

1.2 

1.0 

1.1 

1.0 

1.2 

.9 

1.1 

.9 

1.1 

.9 

1.1 

.9 

1.0 

.9 

1.0 

.9 

1.5 

.9 

1.0 

.9 

1.1 
1.1 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


.9 
.9 
.9 
.9 


Nov. 

0.9 
.9 
1.3 
1.3 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.2 
1.2 
1.8 


Dec. 


.8 

1.3 

.8 

1.3 

.8 

1.2 

.8 

1.1 

.8 

1.1 

.8 

1.1 

.9 

1.1 

.9 

1.1 
1.1 
1.1 
1.1 

2.0 
2.2 
2.0 
1.9 
1.7 
1.5 
1.4 
1.4 
1.4 
1.8 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.7 
2.0 
3.1 
4.7 
6.0 
5.1 
2.6 


Raiing  table  for  Cahaha  River  at  Centerville,  Ala.  j  from  Jamiary  1  to  December  31,  1904. 


Gage 
height. 

Feel. 

Discharge. 
Second-feet. 

1 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
heignt. 

Discharge. 

Gage 
hei^t. 

Discharge. 
Second-feel. 

Feet. 

Feet. 

Secofid-feet. 

Feet. 

0.80 

90 

'      1.70 

318 

2.50 

560 

3.60 

911 

.90 

111 

1.80 

1 

348 

2.60 

591 

3.80 

982 

1.00 

133 

,     1.90 

378 

2.70 

622 

4.00 

1,056 

1.10 

156 

2.00 

408 

2.80 

653 

4.20 

1, 131 

1.20 

180 

2.10 

438 

2.90 

684 

4.40 

1,207 

1.30 

205 

,     2.20 

1 

468 

3.00 

715 

4.60 

1,285 

1.40 

232 

2.:io 

498 

3.20 

j 

779 

'     4.80 

1,366 

1.50 

260 

2.40 

529 

3.40 

844 

5.00 

1,450 

1.60 

289 

The  above  table  is  Imsed  upon  discharge  measurements  made  daring  1903  and 
1904.  It  Is  fairly  well  defined  between  gage  heights  0.8  foot  and  3.5  feet.  Above 
3.5  feet  the  curve  is  uncertain,  as  the  high- water  measurements  are  inconsistent. 
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EstimcUed  monthly  discharge  of  Cahaba  River  at  CenUrrdle,  Ala.,  for  1904. 

[Drainage  area,  1.040  square  miles.] 


Months 


January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November 
December 


DiachaJge  in  second-feet. 


Maxium. 

4,215 

5,060 

2,395 

747 

318 

560 

438 

2,445 

318 

133 

205 

1,900 


Minimum.        Mean. 


Ran-oO. 


per  square      s-.!li.a. 
mile.  *°****- 


The  year 


5,060 


260 
591 
408 
289 
180 
133 
156 
180 
133 
90 
111 
156 


721 


1,290 
866 
419 
241 
205 
233 
623 
165 
110 
153 
397 


452 


0.6^  I 

1.24 
.833 
.4a3 
.232 
.197 
.224 
.599 
.159 
.106 
.147 
.382 


.435 


0.7?*» 

\.M 
.^' 
.4-V 

.in 

.122 
.1^4 
.44*^ 

5.  H'^ 


TOMBIOBEE   RIVER  AT  COLUMBUS,  MISS. 

The  gage  is  located  about  1,000  feet  below  the  county  highway 
bridge,  1  mile  from  the  Southern  Railway  station  at  Columbus,  Miss. 
A  vertical  3  by  10  inch  pine  timber  is  fastened  to  the  blue-rock  bluff  on 
the  left  bank  and  is  marked  with  brass  figures  and  brass  nails  from 
—5  to  +43  feet.  Discharge  measurements  are  made  from  the  county 
highway  bridge  at  the  south  end  of  Main  street.  The  initial  point  for 
soundings  is  the  end  of  the  iron  bridge  on  the  right  bank,  downstream 
side.  The  channel  is  slightly  curved  for  500  feet  above  and  1,000  feet 
below  the  station.  The  current  is  sluggish  at  low  stages  and  very  swift 
above  a  gage  height  of  12  feet.  The  right  bank  is  high  and  seldom 
overflows.  The  left  bank  overflows  from  gage  height  18  to  2:J  feet. 
The  bed  of  the  stream  is  of  soft  blue  rock. 

Bench  mark  No.  1  is  the  top  of  the  downstream  girder  at  a  jx)int 
250  feet  from  the  initial  point  for  soundings.  Its  elevation  is  39.  >v^^ 
feet  above  the  zero  of  the  gage.  This  point  is  on  the  movable  portion 
of  the  drawbridge  and  may  vary  in  elevation.  Bench  mark  No.  2  i-^ 
a  copper  plug  in  a  tree  at  the  southeast  corner  of  First  street  and 
Second  avenue.  Its  elevation  is  17.94  feet  above  the  zero  of  tbt» 
gage.  This  tree  has  boards  nailed  to  it,  showing  the  names  of  the 
streets.  Bench  mark  No.  3  is  the  top  of  the  rail  at  the  depot  of  the 
Southern  Railway  and  is  65.20  feet  above  gage  datum  and  191  feet 
above  mean  sea  level. 
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The  observer,  J.  J.  Richards,  is  paid  by  the  United  States  Weather 
Bureau. 

The  width  of  the  river  at  low  water  is  160  feet.  The  maximum 
recorded  height  of  the  river  was  on  April  8,  1892,  when  the  gage  reg- 
istered 42  feet  The  lowest  recorded  height  was  on  October  26, 1893, 
when  the  gage  reading  was  —3.9  feet.     The  danger  line  is  at  33  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measureinerUg  of  Tombigbee  River  ai  Columbus,  Miss,,  in  1903  and  J 904. 


Date. 


1903. 

Mart'h  9 

March  12 

May  18 

July  16 

July  17 

September  22  . 
September  25  « 

1904. 

January  13 

January  16 

February  25  . . 

March  23 

August  13 

October  29  ft... 
October  29  ft... 


Hydrographer. 


J.  M.  Giles 

do 

do 

do 

do 

do 

do 

J.  M.  Giles 

do 

J.  M.  Giles  and 
E.C.  Murphy. 

W.  E.  Hall.... 

J.  M.  Giles 

do 

do 


width. 

Feet. 

307 

317 

297 

88 

88 

55 

116 

104 
105 
119 

133 

120 

66 

66 


Area  of 
section. 


Square  feel. 
5,  884 
6,586 
4,655 
1,040 
1,034 
805 
187 

1,072 
1,107 
1,230 

1,359 

1,216 

128 

128 


Mean 
velocity. 


Feet  per  sec. 
4.49 
4.40  ' 
3.82  I 
1.29  ■ 
1.24  ' 
.31  ! 
1.40  ' 

1.06  ' 
.97 
1.86 

2.14 
1.87 
1.27 
1.23 


Gage 
height. 


Discharge. 


Feet. 

15.50 

17.30 

12.50 

1.70 

1.80 

3.70 

3.70 

1.80 

2.00 

.30 

.30 

.50 

3.80 

3.80 


Second-feet. 

26,450 

29,020 

17,800 

1,340 

1,278 

252 

263 

1,137 
1,072 
2,290 

2,913 

2,270 

162 

58 


a  Measured  1  mile  below  wagon  bridge,  which  is  about  dne-third  mile  below  ihe  Mobile  and  Ohio 
Railroad  bridge. 
b  From  boat  at  shoal,  one-third  mile  below  Mobile  and  Ohio  Railroad  bridge. 
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'unl 


Mean  daily  gage  heigfU,  in  feet,  of  Tombigbee  Ritvr  at  (^olunibuSj  Miss.,  ff/r  J9't4. 
Day.  I   Jan.  '   Feb.  !  Mar. 


1 

2 

3 

4 

o>  ■  • . • . 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


I  _ 


1.8 
1.9 
1.6 
1.4 
1.4 
1.6 
1.4 
1.4 
1.6 
1.6 
1.6 
1.6 
1.5 
1.6 
1.7 
1.7 
2.0 
1.9 
1.9 
1.9 
2.0 
1.6 
1.6 
.0 
1.0 


1.7 
1.9 
2.0 
1.4 
1.6 


1.6 

1.0 

.4 

.0 

-  .4 

-  .4 

-  .3 

-  .3 

■  .6 

-  .4 

-  .2 

-  .2 

■  .5 

-  .7 

■  .8 
-1.0 
-1.1 

1.2 

1.2 

1.1 

-1.0 

-  .8 
-1.0 

-  .9 

-  .9 

■  .3 

-  .9 
1.3 


-1.3 

-  .8 

-  .6 

-  .6 

-  .8 

-  .5 

-  .1 
.2 

-  .1 

-  .1 
1.0 
1.0 
1.0 
1.2 
1.3 
1.3 
1.0 
1.7 
1.6 
1.4 
1.7 
1.7 
1.7 
1.4 
1.4 
2.6 
2.8 
2.9 
3.5 
3.5 
3.5 


Apr.     May.    June.    July.  ,  Aug.  '  Sept 


4.6 

5.3 

6.0  ' 

6.2  I 

6.0  I 

6.0 

6.5 

5.2 

5.0 

4.6 

4.2 

4.0 

3.7 

2.4 

3.0 

2.8 

2.0 

1.6 

.8 

.4 

.1 

.0 

-  .3 
.5 

-  .6 
■  .6 

-  .8 
.9 

1.0 
1.2 


-1.3 
-1.3 

-1.3 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.8 
-1.8 
-1.9 
-2.0 
-2.2 
-2.3 
-2.3 
-2.3 
-2.4 
-2.4 
-2.4 
-2.4 
-2.4 
-2.4 
-2. 5 
-2.5 
-2. 5 
-2.5 
-2.5 
-2.5 
^2.3 


Oct.       Nov.     Iw 


-2.3 
-2.4 
-2.4 
-2.3 
-2.3 
-2.4 
-1.8 
-1.5 
-1.5 
-1.6 
-1.8 
-1.8 
-1.9 
-1.9 
-2.0 
-2.0 
-2.0 
-2.0 
-2.1 
-2.2 
-2.2 
-2.2 
-2.3 
-2.3 
-2.8 
-2.3 
-2.3 
-1.8 
-2.0 
-1.8 


1.6 
1.6 
1.7 
1.5 
1.7 
1.7 
1.9 
1.9 
1.8 
1.9 
1.9 
1.8 
1.8 
2.0 
2.2 
2.6 
2.6 
2.7 
2.8 
2.9 
2.9 
2,8 
2.2 
2.0 
1.9 
1.9 
1.5 
.8 
.8 
1.2 
1.5 


-1.8      - 


-1.8 
1.2 
-1.2 
-1.1 
-1.0 

-  .9 

-  .7 

-  .  ( 

-  .6 

-  .6 
.0 

-  .4 

-  .8 
-1.0, 
-2.0 
-2.5  I 
-2.9  I 
-2.9 
-2.9 
-3.1 
-3.2 
-3.2 
-3.1 

3.1 
3.1 
3.1 
3.2 
3.2 
3.3 
3.3 


I 


3.3 
-3.3 
-3.2 
-3.2 
-3.2 
-3.2 
-3.3 
-3.3 
-3.3 
-3.4  I 
-3.4  ! 
-3.5  I 
-3.5 
-3.5 
-3.5  I 

-3.5  ; 

-3.5 

-3.6  I 

-3.5 

-3.5 

-3,5 

-3.2 

3.2 

-2.8 

-2.8 

-2.8 

2.8 

2.8 

■2.8 

2.8 


-2.8 

-2.8 

-2.9 

—•2,9 

-2.9 

-2.9 

-2.9 

—2.9 

-2.9 

-2.9 

-2.9 

-2.9 

-2.9 

-2.9 

-2.9  ! 

-3.0 

-S.0 

-3.0 

-3.0 

-3.0 

-3.0 

-3.0 

-3.0 

-3.0 

-3.0 

-3-0 

-3.0 

-3.0 

-3.0 

-3.1 

-3.1 


-3.1 

-3.0 

-2,  *» 

-2.4 

-2.4 

-2.4 

-2.4 

-2.4 

-2.4 

-2.4 

-2.4 

-2.4 

-2.5 

-2.6 

-2.6 

-2.6 

-2.6 

-2.6 

-2.6 

-2-6 

-2.6 

-2.4 

-2.4 

-•2.4 

-2.4 


-2.1 
-  2.  r. 


•2.ri 


•y  •► 


Rittiiuj  table  for  Tombigbee  River  at  (hlnmlniHy  Misft.^from  Januart/ 1  to  Deremher  SI,  V"'^. 


(Jage 
hoighi. 

Discharge. 

Second/ret. 

Gage 
height. 

Feet. 

Discharge. 

1     Gage 
1    height. 

Discharge. 

Gage 
height. 

Diarharre. 

FtfL 

Second-feet. 

Feet. 

Second'/ret. 

Feci. 

SrcfH<i-/<  ft. 

--4.  00 

100 

-2.80 

620 

-0.60 

2,120 

1.60 

4,  210 

-3.  90 

130      ' 

2.  60 

720 

.--  .40 

2,290 

1.80 

4,  430 

-3.80 

160 

2.40 

830 

-  .20 

2,470 

2.00 

4,t>.=iO 

3.70 

HK) 

-2.20 

950 

.00 

2,650 

2.50 

5,2110 

3.60 

230 

2.©0 

1,070 

.20 

2,830 

3.00 

5,800 

3.50 

270     , 

-1.80 

1,200 

.40 

3,010 

3.50 

6,400 

3.40 

320 

1.60 

1,340 

.60 

3,200 

4.00 

7,050 

3.30 

370 

-1.40 

1,480 

.80 

3,400 

4.50 

7,700 

-3.20 

420 

1.20 

1,640 

1.00 

3,600 

5.00 

8,350 

3.10 

470 

-1.00 

1,800 

!     1.20 

3,800 

5.50 

9,000 

-3. 00 

520 

1 

-  .80 

1,960 

'     1.40 

1 

4,000 

'1 

6.00 

9,700 

Tho  above  table  is  based  upon  dis<charge  measurements  made  from  1901  to  1914. 
It  is  fairly  well  ilefined.     Al)Ove  7  feet  the  1903  and  1904  rating  tables  are  identk-al. 
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EMxmaled  monthly  discharge  of  Tomhigbee  River  near  ColumhtiSy  Miss.,  for  1904. 

[Drainai^e  area,  4,440  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

Septemljer 

October , 

November 

I>ecember . 

The  vear 


Discharge  in  second -feet. 


Maximum. 

4,650 

4,210 

6,400 

9,980 

1,560 

1,410 

1,960 

2,650 

620 

620 

950 

•  5,200 


9,980 


Minimum. 


1,070 

1,560 

1,560 

1,640 

770 

830 

570 

370 

270 

470 

470 

950 


Mean. 

1,991 

2,209 

3,785 

5,456 

1,059 

1,041 

1,135 

1,175 

402 

544 

765 

1,475 


270 


1,753 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


0.516 
.537 
.982 

1.37 
.276 
.261 
.295 
.306 
.102 
.142 
.192 
.383 


.395 


5.36 


BLACK   WARRIOR  RIVER  NEAR  CORDOVA,  ALA. 

This  station  is  located  at  the  Kansas  City,  Memphis  and  Birmingham 
Railroad  bridge,  which  crosses  the  river  below  the  junction  of  the 
Mulberry  and  Sipsey  forks,  and  about  three-fourths  of  a  mile  from 
Cordova,  Ala.  The  gage  was  established  by  the  United  States  Weather 
Bureau,  but  observations  by  that  bureau  have  been  discontinued. 
From  12  to  55  feet  the  gage  is  a  vertical  timber  bolted  to  the  inside  of 
the  bridge  pier  on  the  left  bank  of  the  river.  Below  12  feet  the  gage 
was  sloping,  but  it  was  out  of  position  and  could  not  be  used  when  the 
station  was  established  by  the  United  States  Geological  Survey  on  May 
21,  1900,  so  a  short  new  section  was  put  in  at  that  time.  This  section 
is  a  2  by  10  inch  plank,  graduated  to  feet  and  tenths,  from  —1.5 
to  +12.5  feet,  and  spiked  to  a  willow  tree  on  the  right  bank  of  the 
river  about  200  feet  below  the  bridge. 

Measurements  are  made  from  the  downstream  side  of  the  railroad 
bridge,  which  is  a  two-span  iron  through  bridge.  The  span  across 
the  river  is  300  feet  long.  A  pier  is  being  built  in  the  river,  and  the 
long  span  will  be  replaced  by  two  shorter  ones.  The  span  on  the  left 
l)ank  is  about  150  feet  long.  At  low  stages  discharge  measurements 
are  made  from  a  boat  or  by  wading  hi  a  point  some  distance  below  the 
bridge.  The  channel  is  curved  for  500  feet  above  and  straight  for 
1,000  feet  below  the  station.  The  right  bank  is  a  rock  bluff  and  will  not 
overflow.  The  left  bank  overflows  only  under  the  second  span  of  the 
bridge.     The  bed  of  the  stream  is  of  rock  and  is  permanent.     The 
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channel  hajs  a  width  of  about  180  feet  at  low  water  and  about  450  feet 
at  high  .stages. 

Bench  mark  No.  1  is  the  top  of  the  fourth  crossbeam  from  the  right 
bank,  on  the  downstream  side.  Its  elevation  is  60.09  feet  above  thi- 
zero  of  the  gage.  Bench  mark  No.  2  is  a  copper  plug  in  the  solid 
rock  about  110  feet  above  the  bridge,  50  feet  from  the  initial  point  for 
soundings.  Its  elevation  is  32.12  feet  above  the  zero  of  the  gage. 
The  top  of  the  pier  at  the  left  bank  is  56. 10  feet  above  the  zero  of  the 
gage. 

The  observations  at  this  station  during  1904, have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 


Discharge  measuremejUs  of  Black  Warrior  River  near  Cordova^  AUi.y  in  1 90S  and  2r^4- 


Date. 


Hydrographer. 


J.  M.  Giles. 


1903. 

March  6 

March  i:J do 

May  19 do 

June  15 .....do 

July  17  « ' do 


August  27 '» 

August  29  ft 

September  25  c, 

1904. 
January  16«... 
February  24 

March  28 


..do 
..do 
..do 


May  25 «>.;.. 
August  10... 
October  26  rf. 
Octol>er  26  rf. 


J.  M.Giles 

J.  M.  Giles  and 
E.G.  Murphy. 

M.R.andW.p:. 
Hall. 

J.  M.  Giles 

do 

do 

do 


Width. 


240 
220 
206 


Area  of 
section. 


Sqnare/eet. 
4,225 
2,625 
1,991 


184 

1,261 

178 

576 

182 

546 

181 

501 

137 

134 

182 

554 

181 

1,200 

191 

1,638 

180 

609 

185 

1,263 

48 

75 

48 

72 

Mean 
velocity. 


Feet  per  sec. 

4.56 

3.61 

2.59 

.82 

.53 

.38 

.28 

.58 

.39 
.65 

1.88 

.34 
.80 
.34 
.34 


Ga^e 
hei^t. 


Feel. 

13.90 

6.90 

4.34 

.50 

.30 

.48 

.65 

.90 

.40 
.28 

2.65 

.50 

.49 

1.00 

1.00 


a  One-fourth  mile  below  Frisco  System  Railroad  bridge, 
b One-third  mile  below  Frisco  System  Railroad  bridge. 
f  At  flsh  trap  3  miles  below  bridge. 
dBoat  100  yards  above  Southern  Railway  bridge. 


DisNzharr' 


SeeondU'i. 

19,:^» 
9,4>^ 
5.  IV^ 

i,a>. 

14-' 


21^. 
TV. 

3,0?v. 
171 

i,o:i 
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Mean  daily  gaffe  heighl,  in  feet ^  of  Bltwk  Warrior  River  near  Orrduva^  Ala.  ^  for  1904* 


^ 

r                T  ■    ■ 

\ 

r 

Day. 

Jan.      Feb. 

Mar. 

Apr. 

May. 

June. 
1.2 

July. 

Aug. 

Kept. 
-0.8 

Oct. 
-1.0 

Nov. 
-0.9 

Dec. 

1 

-0.4     -0. 

1 

0.0 

2.6 

-0.5 

1.8 

-0.5 

0.8 

•1 

-  .4 

0 

.0 

2.4 

-  .5 

.4 

.2 

-  .3 

-  .8 

-1.0 

-  .9 

.9 

3 

-  .5 

1 

.0 

8.2 

-  .5 

-  .1 

-  .3 

.6 

~  .8 

-1.0 

-  .9 

1.8 

4 

-  .5 

0 

.0 

3.1 

-  .4 

-  .6 

-  .1 

.4 

-  .5 

-1.0 

-  .3 

2.2 

5 

-  .5     -  . 
-  .5     -  . 

1 
1 

.0 
.0 

2.8 
2.4 

-  .4 

-  .6 

-  .4 
.3 

-  .3 

-  .3 

.4 
.6 

-  .6 

-  .6 

-1.0 
-1.0 

.1 
.3 

8.8 

6 

5.5 

7 

-  .5     -  . 
-  .4 

1 

3 

3.2 
6.4 

3.7 
5.2 

-  .5 
.3 

-  .2 

-  .1 

.2 
-  .1 

.6 
1.2 

-  .7 

-  .8 

-1.0 
-1.0 

-  .3 

-  .4 

2.7 

8 

1.3 

9 

-•*,        • 

1 

3.5 

7.2 

.4 

-  .3 

-  .3 

1.0 

-  .8 

-1.0 

-  .4 

1.1 

10 

-  .5 

4 

2.8 

4.3 

.6 

-  .4 

-  .4 

.9 

-  .8 

-1.0 

-  .5 

1.2 

11 

-  .5 

7 

2.0 

4.0 

.5 

-  .5 

-  .2 

1.1- 

-  .8 

-  .9 

-  .5 

.9 

12 

-   .5 

6 

2.0 

3.2 

.4 

-.5 

.3 

1.1 

-  .8 

-  .9 

-  .5 

.7 

13 

-  .5 

4 

2.4 

2.5 

.2 

-  .5 

2.7 

1.2 

-  .8 

-  .9 

-  .5 

.4 

14 

-  .6 

4 

5.5 

2.1 

.0 

-  .5 

.6 

.8 

-  .8 

"  .9 

-  .5 

.2 

15 

-.5;     . 

3 

6.8 

1.6 

-.1 

-  .6 

~  .1 

.3 

-  .8 

-  .9 

-  .5 

.1 

16 

-  .5  1 

2 

4.5 

1.5 

-  .2 

-  .5 

-  .4 

.1 

-  .8 

-  .9 

-  .6 

.0 

17 

-  .3 

1 

8.2 

1.2 

_     2 
—  •  * 

-  .6 

-  .3 

.1 

-  .8 

-   .9 

-  .6 

-    .1 

18 

-  .3 

1 

2.5 

1.1 

-  .3 

-  .6 

-  .5 

.0 

-   .8 

-  .9 

-  .6 

-    .1 

19 

-  .2 

-  .2 

-  .2 
1.3 
2.9 

0 
0 
3 
3 
4 

2.2 

1.4 

.5 

-3 
.3 

1.0 
1.0 
1.0 
1.1 
1.5 

-  .4 

-  .6 

-  .6 

-  .6 

-  .6 

-  .6 

-  .6 

-  .7 

-  .7 

--  .8 

-  .3 

-  .5 

-  .4 
-.4 
-.5 

-  .1 

-  .2 

-  .2 

-  .3 

-.4 

-  .9 

-  .9 

-  .9 

::: 

-  .9 

-  .9 

-  .9 

-  .9 

-  .9 

-  .6 

-  .6 

-  .6 

-  .0 

-  .1 

.0 

20 

.0 

21 

-     .1 

'» 

-     .1 

23 

-     .2 

24 

2.0 

1.6 

.6 

.3  ' 
1 
.1 

.1 

.0    

.0    .... 

3 
3 

2 

1 
1 
0 

5.5 
5.5 
4.1 
6.5 
8.6 
6.7 
4.3 
2.8 

1.4 

-  .1 

-  .1 

-  .1 

-  .2 

-  .4 

-  .5 

-  .6 

-  .6 
-  .6 

-  .6 

-  .6 

-  .6 

-  .6 
1.3 

-  .8 

-  .5 

-  .5 
-  .5 

.6 

-  .4 
2.6 



-  .4 

-  .3 

-  .3 

-  .4 

-  .5 

-  .5 

-  .5 

-  .5 

-  .6 

-  .7 

-  .7 

-  .7 

-  .7 
-  .8 

-  .8 

-  .9 

-  .9 

-  .9 
--  .9 

-  .9 
-1.0 

-1.0 " 

-  .9 

-  .9 

-  .9 

-  .9 
.9 

-  .9 
.9 

-  .9 

.1 
.1 
.0 
.0 

-  .1 
.1 

-  .1 

-     .2 

25 

-    .2 

•J6 

.0 

27 

.2 

2» 

12.4 

29 

6.5 

30 

3.8 

31 

2.4 
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Rating  table  for  Black  Warrior  River  near  Cordova^  Ala.,  from  January  J  (ff-Derrmbn  SL 

1904: 


1 

1     Gage 
height. 

DiMcharge. 
Secfmd-fert. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Secmtd/eet. 

1.00 

28 

0.00 

560 

-  .90 

53     i 

.10 

645 

-.80 

80 

.20 

730 

-  .70 

110 

.30 

820 

-  .60 

145 

.40 

910 

-  .50 

190 

.50 

1,000 

.40 

250 

.60 

1,090 

.30 

320 

.70 

1,180 

-.20 

400 

.80 

1,270 

-  .10 

480 

.90 

1,360 

I! 


Mt45c 

height. 

Discharge. 

1 
Secand-Jeet. 

height. 

I>uirhaitr^. 

fM. 

FfH. 

Stetmdf'rx. 

1.00 

1,450 

3.00 

3,540 

1.20 

1,630 

3.20 

3,7W 

1.40 

1,820      ; 

3.40 

4,030 

1.60 

2,010 

3.60 

4,29(t 

1.80 

2,210 

3.80 

4,550 

2.00 

2,410 

4.00 

4,83) 

2.20 

2,616 

4.50 

5,520 

2.40 

2,830 

5.00 

6,230 

2.60 

3,060 

5.50 

6,955 

2.80 

3,300 

6.00 

!        7,700 

1 

The  above  table  is  based  upon  twenty-six  discharge  measurements  made  durini: 
1900-1904.  It  is  well  defined  between  gage  heights  —1.0  feet  and  6.0  feet.  Tb" 
table  has  been  extended  beyond  these  limits,  being  based  on  three  high-watrr 
measurements.  Above  gage  height  6  feet  the  rating  curve  is  a  tangent,  the  differ- 
ence being  150  per  tenth. 

Estimated  monthly  discharge  of  Black  Warrior  Rirer  near  Cordova,  Ala.,  for  1904. 

[Drainage  area,  1.900  square  miles.] 


MoDth. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December . 

The  year 


Discharge  in  second-feet. 


Maximum. 


3,420 

1,180 

11,600 

9,500 

1,725 

3,060 

3,180 

1,630 

190 

53 

645 

17,300 


17,300 


Minimum. 


190 

480 

560 

190 

145 

80 

190 

80 

28 

28 

53 

400 


Mean. 


Second-feet 

per  square 

mile. 


613 

720 
3,818 
2,606 

409 

378 

516 

693 
78.0 
44.9 

298 
2,277 


28 


1,038 


0.  323 

.379 

2.01 

1.37 

.215 

.199 


m    ^0  i   ^m 


.365 
.(Ml 
.024 
,157 
1.20 


.546 


aff. 

I>epth  •• 
in<*h«^ 

0.  :\:'l 

.44IH 

2-  :$•-' 

l.M 

-  '*^^ 

.»h» 

.:»14 

.  411 

A^ 

.Ol> 

.\:'r* 

i,:> 

7-4ti 
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BLACK   WARRIOR   RIVER  AT  TUSCALOOSA,    ALA. 

A  continuous  record  of  j?age  heights  at  Tuscaloosa  since  1889  has 
been  kept  by  the  United  States  Engineer  Corps.  During  1895  and 
1S96  a  number  of  discharge  measurements  were  also  made,  from  which 
a  rating  table  was  obtained,  and  since  that  time  measurements  of 
flow  have  been  made  by  the  United  States  Geological  Survey.  The 
station  is  located  about  one-fourth  of  a  mile  above  Mobile  and  Ohio 
Railroad  bridge.  There  are  three  locks  and  dams  within  about  3  miles 
above  the  station. 

The  gage  is  located  about  three-fourths  of  a  mile  from  tne  business 
center  of  Tuscaloosa,  Ala.  It  is  reached  by  passing  down  Bridge 
street  to  the  river,  thence  down  the  east  bank  1,800  feet.  There  is  also 
a  vertical  iron  gage  on  the  downstream  side  of  the  second  pier  from  the 
left  bank  of  the  highway  bridge,  from  which  the  discharge  measure- 
ments are  made.  Discharge  measurements  are  made  from  the  iron 
highway  bridge  above  the  gage.  The  initial  point  for  soundings  is 
the  end  of  the  iron  bridge  on  the  left  hank,  downstream  side.  The 
channel  is  straight  for  15,000  feet  above  and  below  the  station;  its 
width  at  low  water  is  280  feet  and  at  high  stages  625  feet.  The  cur- 
rent is  sluggish  at  low  stages.  Both  banks  are  high  and  steep  and 
overflow  only  at  extreme  stages.  The  greater  part  of  the  bed  is  of 
rock  and  is  permanent.  There  is  but  one  channel,  broken  by  the 
three  bridge  piers. 

Bench  mark  No.  1  is  on  a  willow  tree  10  feet  west  of  the  gage;  its 
elevation  is  10.54  feet  above  the  zero  of  the  gage  and  97.34  feet  above 
the  Mobile  datum.  Bench  mark  No.  2  is  on  a  small  hackberry  tree  30 
feet  south  of  the  upper  end  of  the  gage;  ittJ  elevation  is  52.06  feet 
above  the  zero  of  the  gage  and  139.36  feet  above  the  Mobile  datum. 
Daily  gage  heights  are  furnished  to  the  Geological  Survey  b}'  the 
United  States  engineers. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  mecmiremeiits  of  BUtck  Warrior  River  at  Tuscaloosa,  Ala,,  in  190S  and  liOi. 


Date. 


Uydrographer. 


1903.  ' 

July  20 J.M.Giles 

July  21 ' do 

1904. 

February  23  ...|  J.  M.  Gilee  and 

E.  C.  Murphy. 

August  22 1 do 

Aujjru8t22 do 


Width. 


Feet, 
229 
229 

257 

247 
247 


Area  of 
section. 


Mean 
velocity. 


Square  feet.    Feel  per  $ec. 


1,433 
1,448 


0.60 
.50 


1,978  .  1.23 


1,536 

1,532 ; 


.66 
.64 


heU^U      *>»*^*^- 


Ff'H.         Senmdffti. 

5.45  se:i' 

5.44  '  71^ 


7.40 

5.57 
5.57 


2,  AX\ 

l,(ril 

y76 


Mean  daily  gage  height,  in  feet,  of  Black  Warrior  Hirer  at  TSiscaloom,  Ala..,  for  19'j4. 


Day. 

Jan. 

1 

Feb. 

6.40 
6.36 
6.40 
6.87 
6.30 
6.28 
6.30 
6.70 
7.68 
8.75 
11.05 
12. 16 
10.73 
9.56 
8.70 
8.07 
7.63 
7.10 
6.80 
6.80 
7.  a') 
7.35 
7. 45 
7.36 
7.31 
7.23 
7.12 
6.84 
6.71 

Mar. 

Apr. 

1 

May. 

June. 

July. 

Aug. 

Sept. 

Oct, 

Nov.     DttL 

1 

2 

3 

4 

6.02 
5.00 
6.03 
5.01 
4.98 
4.96 
5.06 
6.18 
5.10 
6.41 
6.32 
6.61 
5.40 
6.28 
6.15 
5.08 
5.82 
5.60 
5.50 
6.49 
5.60 
6.70 
11.68 
12.70 
11.15 
9.48 
8.20 
7.40 
6.90 
6.65 
G.40 

6.57 

6.42 

6.40 

6.81 

6.23 

6.06 

9.30 

16.75 

17.60 

18.25 

12.94 

11.07 

10.21 

10.85 

17.60 

22.24 

19.00 

15.34 

13.10 

11.73 

10.71 

9.86 

9.25 

9.40 

14.00 

15.40 

14.71 

18.50 

20.60 

17.85 

15.03 

13.06 

12.20 

12.26 

12.10 

11.05 

10.10 

9.91 

12.30 

18.48 

20.55 

18.13 

15.00 

13.13 

11.46 

10.20 

8.50 

8.46 

8.35 

8.16 

7.80 

7.45 

7.16 

7.09 

7.01 

7.40 

7.41 

7.20 

7.18 

7.16 

7.10 

6.85 
6.76 
6.40 
6.21 
6.98 
5.85 
6.64 
5.63 
6.42 
6.98 
6.17 
6.06 
6.96 
6.80 
5.63 
6.40 
5.21 
5.18 
6.10 
6.06 
6.06 
5.00 
6.00 
4.98 
4.95 
4.91 
4.88 
4.86 
4.80 
4.81 
4.95 

6.10 
6.40 
6.91 
6.50 
6.01 
6.53 
6.50 
6.46 
5.35 
6.30 
6.31 
5.30 
5.28 
6.20 
5.10 
5.10 
5.00 
4.80 
4.70 
4.62 
4.60 
4.43 
4.30 
4.21 
3.98 
3.86 
4.64 
4.88 
4.80 
4.76 

8.15 
9.80 
8.10 
6.91 
6.68 
5.90 
5.45 
5.40 
6.00 
7.98 
7.71 
7.02 
7.22 
9.00 
8.82 
7.40 
7.00 
6.90 
5.50 
5.31 
5.23 
4.70 
5.10 
5.38 
5.60 
6.75 
6.40 
6.88 
6.40 
5.12 
5.24 

6.29 
6.29 
6.65 
6.63 
6.89 
6.70 
7.82 
9.50 
9.90 
9.73 
8.17 
8.39 
10.30 
10.56 
9.24 
8.40 
7.52 
6.92 
6.87 
6.44 
6.16 
5.69 
6.33 
6.14 
6.08 
4.80 
4.84 
4.90 
4.96 
6.16 
4.78 

4.90 
4.93 
4.82 
4.78 
4.60 
4.80 
4.87 
4.90 
4.85 
4.90 
4.80 
4.71 
4.70 
4.69 
4.65 
4.60 
4.60 
4.50 
4.50 
4.46 
4.45 
4.44 
4.43 
4.40 
4.40 
4.38 
4.35 
4.34 
4.40 
4.40 

4.38 
4.3f> 
4.36 
4.38 
4.40 
4.40 
4.29 
4.90 
4.29 
4.-29 
4.30 
4.35 
4.33 
4.33 
4.83 
4.33 
4.16 
4.16 
4.15 
4.17 
4-17 
4.16 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.14 
4.18 

1 

1 

'    4.12    

4.12    

4.23    

4.70    

5 

4.70    

6 

4.C1    

7 

4.06    

8 

4.f«    

9 

4. 75    

10 

11 

4.66    

4.65    

12 

4.b^ 

13 

14 

'    4.48    

4.40       .    .. 

15 

4.^ 

16 

4.^4 

17 

4.3U 

18 

4.25 

19 

20 

4.30    

4.25 

21 

4.27    . 

22 

4.70 

23 

4.71 

24 

4.70 

25 

26 

27 

4.59    

4.55    

4.  «>7 

28 

4.54      .  .  .. 

29 

30 

4.44    

4  25 

31 

. 
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CLEAR  CREEK    NEAR  ELK,    ALA. 


This  station  was  established  June  22,  1904,  by  M.  R.  Hall.  It  is 
located  at  the  wagon  bridge  1  mile  south  of  Elk,  and  16  miles  north 
of  Jasper,  on  the  road  to  Houston.  The  bridge  is  about  one-fourth 
mile  above  Clear  Creek  Falls,  and  about  2  miles  above  the  junction  of 
Clear  Creek  with  Sipsey  Fork  of  Black  Warrior  River.  The  gage  is  a 
vertical  timber  graduated  from  zero  to  10  feet,  fastened  to  a  3-inch  by 
4-ineh  pine  timber  which  is  bolted  to  the  right  side  of  the  right-bank 
stone  pier  under  the  upstream  side  of  the  bridge.  It  is  read  once  each 
day  by  J.  S.  (lossett.  This  station  is  maintained  in  cooperation  with 
the  Alabama  Geological  Survey,  b}"  whom  the  gage  reader  is  paid. 
Discharge  measurements  are  made  from  the  upstream  side  of  the 
bridge  to  which  the  gage  is  attached.  This  is  an  iron  wagon  bridge, 
having  a  single  span  of  100  feet,  and  a  49-foot  trestle  approach  on  the 
right  bank.  The  initial  point  for  soundings  is  the  end  of  the  bridge 
at  the  left  bank  on  the  upstream  side.  The  channel  is  straight  for 
about  400  feet  above  and  500  feet  below  the  station.  The  current  above 
the  station  is  rather  sluggish  at  low  stages;  below,  it  is  swift  and 
broken.  The  right  bank  is  low,  wooded,  and  is  liable  to  overflow, 
but  all  the  water  passes  under  the  bridge  and  trestle.  The  left  bank 
is  high,  rocky,  clean,  and  is  not  subject  to  overflow.  The  bed  of  the 
stream  is  composed  of  rock  and  clean  sand,  and  is  permanent.  There 
is  one  channel  at  all  stages.  At  very  low  water  the  current  is  too 
sluggish  for  measurement  at  the  bridge,  but  measurements  are  made 
by  wading  at  the  falls  below.  Bench  mark  No.  1  is  the  top  of  the 
outer,  upstream  eyebar,  at  a  point  35  feet  from  the  initial  point  for 
soundings.  Its  elevation  is  17.10  fe^et  above  the  zero  of  the  gage. 
Bench  mark  No.  2  is  a  copper  plug  set  in  rock  on  the  left  bank  about 
15  feet  upstream  from  the  end  of  the  bridge.  Its  elevation  is  17.04 
feet  above  the  zero  of  the  gage. 

Discharge  medsurements  of  Clear  Creek  near  Elkj  Ala.,  in  1904- 


Date. 


May  24 

June  2*2  «... 
August  9  ... 
October  25.. 
October  25  & 


Uydrographer. 


J.  M.  Giles  ... 

do 

do 

do 

do 


Width. 

Areti  of 
section. 

Feei. 

Square/eet. 

86 

86 

26 

14 

96 

84 

94 

77 

34 

19 

Mean 
velocity. 


a  Wading  at  upper  falls. 


^  Wading  l&O  yards  below  bridge. 
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Mean  daily  gage  height^  in  Jeei 

5,  of  Lit 

wr  tret 

?«  near 

Hilky  A 

ia.,j€ir 

1904. 

1 
Nov.    1 

Day. 

June. 

July. 

Auk. 

Sept. 

Oct. 

Der. 

G.W 

!-» 

Li- 

.^1 

■  "                     "                   ■■                                                                                                   1 

1 

0.80 

.80 

.80 

.80 

.90 

.90 

.95 

1.00 

1.10 

1.00 

.90 

1.10 

1.10 

.90 

.90 

.90 

.85 

.85 

.85 

.85 

.95 

1.60 

1.20 

1.10 

1.00 

.95 

.96 

.95 

.80 

.80 

.80 

0.75 

.75 

.80 

1.10 

.96 

.95 

.90 

1.10 

.80 

.80 

.75 

.80 

.80 

1.00 

1.00 

1.00 

1.00 

1.10 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

.90 

.90 

.90 

.85 

0.85 
.70 
.70 
.70 
.70 
.65 
.65 
.70 
.70 
.70 
.70 
.65 
.66 
.65 
.66 
.60 
.60 
.60 
.60 
.60 
.65 
.60 
.60 
.65 
.65 
.65 
.70 
.65 
.70 
.70 

0.65 
.65 

.lift 

.65 
.65 
.70 
.70 
.70 
.70 
.65 
.65 
.65 
.65 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

i    ■"» 

0.65 
.65 
.80 
.HO 
.75 
.75 
.75 
.7n 

.su 

.90 
.HO 
.75 
.70 
.70 
.70 

,         .70 
.70 
.70 
.70 
.70 
.70 
.75 
.80 
.^0 
.85 
.85 
.85 
.83 
.90 
.90 

........ 

2 

3        

4 

5 

6 

7 

1 

8 

9 

10 

.91 

11 1 

9)J 

12 

9: 

13 

.  V 

\' 

J 

.'a 

.V 

1  •*• 

1 :» 
1 '. 
1  « 

\.3 

14 

15 

16 

17 

18 

19 ' 

20 

21 ' 

22 

23 

0.65 
.65 
.65 
.70 
.80 
.80 
2.60 
1.20 

24 

25 

26 

27 

28 

1 

29 

30 

31 

BLACK   WATER   CREEK   NEAR  JASPER,  ALA. 

This  station  was  established  as  a  bench-mark  station.  It  i^  locatei: 
100  yards  below  the  dam  at  Camack^s  mill,  6  miles  north  of  Ja.spT. 
Ala.  Discharge  measurements  are  made  from  the  single-span  iivn 
highway  bridge  with  short  tre^stle  approaches  at  either  end.  The 
initial  point  for  soundings  is  the  end  of  the  bridge  at  the  right  bank, 
upstream  side.  The  channel  is  straight  for  about  200  feet  above  and 
500  feet  below  the  station.  The  current  is  swift.  Both  banks  are 
wooded,  and  liable  to  overflow  under  the  trestle  approaches.  The  bed 
of  the  stream  is  rocky  and  permanent.  There  is  but  one  channel  at 
all  stages,  broken  during  high  water  by  the  piers  and  trestle  work  of 
the  bridge.  The  bench  mark  is  the  top  of  the  upstream  eyebar.  4^^ 
feet  from  the  right- bank  end  of  the  bridge.  Its  elevation  is  2U.00  fin^t 
above  the  gage  datum. 
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I>ischarge  meamremenis  of  Black  Waifr  CWek  near  Jasper,  Ala,,  in  1904. 


Date. 


May  24 

Aujfiifit9 

October  25  «  .. 


Hydrographer. 


J.  M.  Giles 
......do  .... 

do 


width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
helgnt. 

fM. 

Square  fed. 

Foot  per  9fc. 

42 

35.6 

0.63 

1.10 

41 

40.0 

.97 

1.27 

3.5 

2.3 

.91 

.75 

Discharge. 

Seeond-feei. 
22.  h 
39 
2.1 


a  Mill  not  running,  water  being  stored  in  pond. 
BLACK   WARRIOR  RIVER   (lOCUST  FORK)   AT   PALOS,    ALA. 

Locust  Fork  of  Black  Warrior  River  rises  in  Blount  County,  Ala., 
and,  flowing  in  a  southwesterly  course,  enters  Black  Warrior  River  a 
short  distance  above  Wilmington,  Ala.  Its  drainage  basin  is  hilly, 
and  only  a  small  part  of  its  area  is  in  cultivation.  Palos  station  was 
established  November  26, 1901,  by  R.  C.  McCalla,  United  States  assist- 
ant engineer,  who  furnishes  the  daily  gage  heights  to  the  United  States 
Geological  Survey.  It  is  maintained  by  the  United  States  Engineer 
Coi-ps.  The  gage  is  a  4  by  8  inch  timber,  on  the  right  bank  of  the 
riv^er,  just  below  the  Kansas  City,  Memphis  and  Birmingham  Railroad 
bridge.  One  section  follows  the  slope  of  the  bank  from  low  water  to  a 
tree  on  top  of  the  bank,  and  from  there  up  a  vertical  section  is  fastened 
to  the  tree.  The  slope  is  17  feet  in  elevation,  measured  vertically,  and 
the  vertical  section  of  the  rod  is  15  feet.  The  rod  is  graduated  to  feet 
and  tenths,  with  copper  figures  at  the  5-foot  points  and  roundhead 
tacks  at  intermediate  foot  marks.  The  total  height  is  32  feet.  The 
datum  of  gage  (about  251.71  feet  above  Mobile  datum)  is  supposed 
to  be  extreme  low  water.     High  water,  April,  1900,  was  about  37  feet. 

Measurements  are  made  from  the  Drennan  Bridge,  which  is  about 
a  (quarter  of  a  mile  below  the  Kansas  City,  Memphis  and  Birmingham 
Railroad  bridge.  The  Drennan  Bridge  is  the  property  of  the  Drennan 
Coal  Mining  Company.  It  is  a  mining  I'ailroad  bridge,  having  width 
for  a  double-track  tramway"  of  3  feet  gage.  One  track  is  laid  and  in 
operation.  The  bridge  has  two  iron  spans  of  1(X)  feet  each  and  trestle 
approaches  at  both  ends. 

Low-water  measurements  are  made  b}'^  wading  at  a  shoal  one-third 
mile  below  the  bridge.  The  initial  point  for  soundings  is  the  left- 
bank  end  of  the  iron  bridge  on  the  downstream  side.  The  channel  is 
curved  for  1,500  feet  above  the  station  and  is  straight  for  3,000  feet 
below.  At  low  water  the  channel  is  180  feet  wide.  There  is  a  ledge 
of  rock  about  200  feet  below  the  station  with  about  3  feet  fall.  Both 
banks  are  high  and  wooded.  The  right  bank  overflows  at  flood  stages, 
but  only  under  the  approach  to  the  bridge.  The  bed  is  mainly  of 
roc;k  and  is  permanent. 
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Bench  mark  No.  1  is  the  top  of  the  crossbeam  at  a  point  80  feet  from 
the  left  end  of  the  bridge  on  the  downstream  side.  Its  elevation 
is  46.70  feet  above  the  surface  of  the  water,  less  the  readings  of  the 
gage.  It  was  established  by  measuring  down  to  water  surface  with  a 
steel  tape.  Bench  mark  No.  2  is  a  copper  plug  in  a  water-oak  tree  on 
the  right  hand,  20  feet  downstream  from  the  gage.  Its  elevation  ]s 
21.68  feet  above  the  zero  of  the  gage. 

The  obsei'vations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Uischarge  measuremenUs  of  Black  Warrior  River  {Ixxnisi  Fork)  at  Paloa,  AUi.,  m  1S^^^< 

and  19Q4. 


Date. 


Hydrographer. 


1903.  1 

March  7  « i  J.  M.  Giles, 

March  14  a i do 

Mav20a ' do  .... 

June  16" do 

June  16 «  ......' do  ... 

July  18ft ' do  ... 

August  286 I do  .... 

Aug:u8t28c ' do  ... 

September  26 '' . ' do 

1904.  i 
January  18  ^ . . .    J.  M.  Giles 


Mai\'h24« '  M.  R.  and  W. 

E.  Hall. 

Mav23'> I  J.M.Giles 

May  23ft i do 

August  8  « do 

August  S ft ' do 

October24  *■ .....do 


Feel. 

172 

168 

156 

130 

130 

96 

77 

100 

88 

93 
156 

82 

82 

152 

178 

90 


Area  of 
section. 


Sqiiare/eet. 

1,937 

1,735 

1,358 

1,065 

1,041 

249 

195 

246 

93 

243 
1,305 

197 

204 

1,225 

496 

74 


Mean 
velocity 


Fefiperaec. 

3.85 

3.08 

1.58 

.40 

.39 

.91 

.43 

.38 

.50 

.62 
1.28 

.43 
.45 
.94 
2.28 
.32 


.38 
1.58 

.16 

.16 

1.27 

1.25 

.04 


Diaehanpe. 

Seamd-/rrL 
7,45U 

2.145 

431 
4tM 

47 

IM 
1,6>H) 

91 
1,1.V» 
l^l.i-J 

1*4 


(tDrennan  bridge. 

b  Frisco  System  Railroad  bridge. 

c  Boat  below  Frisco  bridge. 

d  Wading,  one-third  mile  below  Drennan  Bridge. 

e  Wading,  one- half  mile  below  Drennan  Bridge. 


HALL  and! 
HOYT.       J 
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.\fean  daily  gage  height^  in  feet,  of  Black  Warrivr  Rirrr  .{Locust  Fork)  at  Pahn,  Ala.y 

for  1904. 


Day. 

Jan. 

Feb. 

0.6 

.6 

.5 

.6 

.5 

.5 

.6 

1.1 

1.6 

1.4 

1.5 

1.3 

1.3 

1.2 

1.0 

.8 

.8 

.7 

.7 

.8 

.8 

.9 

.9 

.9 

.9 

.8 

.8 

.8 

.7 

Mar. 

0.7 
.7 
.6 
.6 
.6 
.6 
1.9 
2.2 
1.9 
1.5 
1.3 
1.3 
1.3 
2.2 
5.0 
2.9 
2.0 
1.7 
1.6 
1.3 
1.2 
1.1 
1.1 
1..S 
1.5 
1.3 
1.4 
1.7 
1.6 
1.4 
1.3 

Apr. 

May. 

June. 

0.7 
.8 
.  t 
.6 
.4 
.4 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
,1 
.1 
.1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.6 

.4 
.2 

.1 

.4 

1.8 

July. 

Aug. 

0.4 

.4 

.7 

.6 

1.0 

1.4 

1.6 

1.8 

1.0 

.8 

1.3 

2.5 

2.1 

1.6 

1.2 

1.0 

1.3 

.9 

.8 

.6 

.5 

.4 

.4 

.4 

.3 

.3 

1.0 

.7 

1.0 

.7 

.5 

Sept. 

Oct. 

0.0 
.0 
.0 
.0 
.0 
.0 
.4 
.3 
.2 
.1 
.1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.0 

Nov. 

0.0 
.0 
.2 

.4 

•* 
.8 

.2 

.2 

^  1 
.  1 

.   1 

.3 
.3 
.2 
.2 
.2 

:: 

.2 

Dec. 

1 

0.2 
.2 
.2 

•  A 

•  X 

•  X 

•  M 

«  1> 

■  X 

.2 
.2 
.2 
.2 
.2 
.2 
.2 
.3 
.4 
.4 
.4 
.4 
.6 
1.3 
2.8 
1.1 

• 

.9 
.8 
.7 
.7 
.6 
.6 

1.2 

1.2 

1.1 

1.1 

1.0 

.9 

1.2 

2.1 

2.5 

2.1 

1.7 

1.4 

1.3 

1.1 

1.0 

.9 

.9 

.9 

.9 

.8 

.8 

.8 

.8 

.7 

.7 

.8 

1.2 

1.1 

.9 

.8 

1 
1 

0.7 
.7 
.6 
.6 
.5 
.5 
.4 

.7 
.7 

.6 

.7 

.6 

.5 

.4 

.4 

.3 

.3 

.3 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.1 

.1 

.1 
o 

■  ^ 

.5 

1.4 

.9 

.5 

.7 

.6 

.3 

.6 

2.1 

1.3 

1.0 

.8 

1.1 

1.2 

1.2 

.8 

.6 

.5 

.4 

.4 

.3 

.3 

.2 

.4 

.3 

.3 

.3 

.4 

.4 

.5 

.8 

.2 

0.3 
.3 
.8 

.2 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

0.2 

2 

.3 

3 

.4 

4 

.6 

5                 

.1 

6 

1.4 

7.. 

1.3 

8 

1.1 

9 

1.9 

10 

.9 

11 

.8 

12 

.7 

13 

.7 

14 

.7 

15 

.6 

16 

.6 

17 

.6 

IS 

.5 

19 

.5 

20 

.5 

.5 

22 

.4 

23 

.4 

24 

.4 

25 

.8 

26 

.9 

27 

1.1 

28 

2.9 

29 

2.5 

30 

1.7 

31 

1.3 

Raling  table  for  Black  Warrior  River  (Locust  Fork)  at  Palos,  Ala, ^  from  January  2  to 

December  i,  J904. 


Gage 
height 

Discharge. 

Gage 
height 

1 
Discbarge. 

Gage 
height. 

Discbarge. 

Gage 
height. 

FeeL 

Discharge. 

Ffet. 

Second-feet. 

Feet 

Second-feet 

'      Feet 

Second-feet. 

Second-ftet. 

.00 

34 

0.90 

690 

i     1.80 

1 

2,020 

3.40 

4,940 

.10 

67 

1.00 

810 

1.90 

2,190 

3.60 

5,320 

.20 

110 

1.10 

935 

2.00 

2,360 

3.80 

5,700 

.30 

165 

1.20 

1,070 

2.20 

2,710 

4.00 

6,100 

.40 

230     1 

1.30 

1,210 

2.40 

3,070 

4.20 

6,500 

.50 

305 

1.40 

1,360 

2.60 

3,430 

4.40 

6,900 

.60 

390 

1.50 

1,515 

2.80 

3,800 

4.60 

7,300 

.70 

480 

1.60 

1,680 

3.00 

4,180 

4.80 

7,700 

.80 

580 

1.70 

1,850 

3.20 

4,560 

5.00 

8,100 

The  above  table  is  based  upon  twenty -one  discharge  ineasurefiients  made  during? 
1902,  1903,  and  1904.     It  is  well  defined  between  j^age  heights  -0.1  foot  and  5  feet. 
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*    •Estimated  monthly  discharge  of  Black  Warrior  River  (Locust  Fork)  at  Pcdo^^  Ala.^  j'vr 

1904. 
[Drainage  area,  1,020  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


January 

February 

March 

April 

Mav 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maximum. 

Minimum. 

Mean. 

Second-feel 

per  sauare 

mile. 

2,890 

67 

356 

0.  349 

1,680 

305 

705 

.691 

8,100 

390 

1,649 

1.62 

3,250 

480 

1,032 

1.01 

480 

67 

244 

.239 

2,020 

34 

225 

.221 

2,530 

110 

511 

.501 

3,250 

165 

818 

.802 

165 

34 

63.8 

.063 

230 

34 

49.1 

.048 

230 

34 

99.8 

.098 

3,990 

67 

sa^ 

.789 

8,100 

34 

546 

.536 

Depth  is 
inchest 


0.402 
.  74o 
1.S7 
1.13 
.276 
.247 
.  578 
.92i> 
.070 
.l^S 
.109 
.910 


7.32 


MISCELI^ANEOUS   MEASUREMENTS  IN   MOBILE   RIVER   DRAINAGE    BASIN. 

The  following  is  a  list  of  miscellaneous  discharge  measurements 
made  in  Mobile  River  drainage  basin  during  1904: 

Pi7ielr>g  Creek  neiiT  Cdsh^  Ga. — This  stream  flows  into  Sallacoa 
Creek,  a  tributary  of  Coosawattee  River.  A  measurement  was  made 
May  5  at  Butler's  bridge,  about  1  mile  above  the  mouth,  near  Cash. 
The  bench  mark  is  the  top  of  the  downstream  end  of  the  cross  timber 
on  first  bent  from  the  left  bank,  17.00  feet  above  the  datum  of  the  gagr. 

Width,  54  feet;  area,  150  square  feet;  mean  velocity,  0.27  foot  per  second;  gage 
height,  2.80  feet;  discharge, -41  second-feet. 

Sallacoa  Creek  near  C(uh^  Ga. — ^This  stream  is  a  tributary  of  Coosa- 
wattee River.  A  measurement  was  made  May  5  at  CovingtonV 
bridge,  about  4  miles  above  the  mouth  of  Pinelog  Creek  and  4  Iniles 
east  of  Cash,  Ga.  The  bench  mark  is  the  upstream  end  of  the  top  of 
cross  timber  over  the  first  bent  from  the  left  bank,  16.00  feet  above 
the  datum  of  the  gage. 

Width,  42  feet;  area,  164  square  feet;  mean  velocity,  0.15  foot  i>er  second;  gage 
height,  2.60  feet;  discharge,  24  second-feet. 

Jack  River  near  Alaculsy^  Ga. — A  measurement  was  made  October  ** 

just  above  the  falls,  about  5  miles  above  the  mouth  of  the  river  and 

23  miles  from  Blue  Ridge,  Ga. 

Width,  7  feet;  area,  7  square  feet;  mean  velocity,  1.86  feet  per  second;  di&ichargv, 
1.3  second-feet. 
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OotKcaloga  Creek  near  Calhoun^  Ga. — This  stream  is  a  tributary  of 
Oostanaula  River.  A  measurement  was  made  May  6  at  a  bridge  about 
1  mile  from  the  mouth  of  the  creek  and  1  mile  west  of  Calhoun.  The 
bench  mark  is  the  downstream  end  of  the  top  of  cross  timber  on 
middle  bent,  16.00  feet  above  the  datum  of  the  gage. 

Width,  46  feet;  area,  50  square  feet;  mean  velocity,  0.64  foot  per  second;  gaj^e 
height,  2.15  feet;  discharge,  32  second-feet 

CanvuiBauga  Mwer  near  Resdca^  Ga. — This  stream  is  a  tributary  of 
Oostanaula  River.  A  measurement  was  made  November  25  from  a 
boat  at  Fite's  ferry,  2  miles  from  Resaca,  Ga.  The  bench  mark  is  a 
small  nail  in  a  large  leaning  willow  tree  on  the  left  bank,  about  200 
feet  below  the  ferry,  5.00  feet  above  the  datum  of  the  gage. 

Width,  130  feet;  area,  219  square  feet;  mean  velocity,  0.74  foot  per  second;  gage 
height,  2.65  feet;  discharge,  163  second-feet. 

Etowah  River  near  Kingston^  Ga. — Measurements  were  made  at 
Hardin's  bridge,  4  miles  south  of  Kingston,  Ga.,  as  follows: 

January  24:  Width,  188  feet;  area,  1,178  square  feet;  mean  velocity,  1.60  feet  per 
second;  gage  height,  3.45  feet;  discharge,  1,894  second-feet. 

April  14:  Width,  188  feet;  area,  1,154  square  feet;  mean  velocity,  1.21  feet  per 
second;  gage  height,  3.27  feet;  discharge,  1,401  second-feet. 

July  29:  Width,  185  feet;  area,  1,007  square  feet;  mean  velocity,  0.62  foot  per 
second;  gage  height,  2.56  feet;  discharge,  625  second-feet. 

A  5-foot  section  of  gage  rod  is  fastened  to  a  tree  on  the  left  bank. 

Etowah  Elver  near  Canton^  Ga, — A  measurement  wis  made  July  27 
at  Field's  bridge,  about  6  miles  below  Canton.  The  bench  mark  is  a 
chisel  cut  and  white  paint  mark  at  intermediate  post,  the  second  floor 
beam  of  the  main  span  from  the  left  end  of  the  bridge,  downstream 
side,  36.00  feet  above  the  datum  of  the  gage. 

Width,  89  feet;  area,  307  square  feet;  mean  velocity,  1.05  feet  per  second;  gage 
height,  2.67  feet;  dischai^e,  322  second-feet 

Cave  Spring  at  Cavespring^  Ga. — This  spring  is  tributary  to  Little 
Cedar  Creek.  A  measurement  was  made  January  21  at  the  footbridge 
at  Cave  Spring.  The  water  surface  was  16^  inches  below  the  upstream 
side  of  the  bridge  floor,  6  inches  from  the  right  end  of  the  bridge. 

Width,  13  feet;  area,  5.6  square  feetj  mean  velocity,  0.94  foot  per  second;  discharge, 
5.3  second-feet. 

Little  Cedar  River  near  Cavespring^  Ga. — This  stream  enters  Big 
Cedar  Creek  about  2  miles  north  of  Cavespring,  Ga.  A  measurement 
was  made  September  28  from  the  bridge  near  Cavespring.  .  The  bench 
mark  is  the  top  of  the  first  floor  beam  from  the  right  bank,  downstream 
end,  9.00  feet  above  the  datum  of  the  gage. 

Width,  30  feet;  area,  18  square  feet;  mean  velocity,  1.00  foot  per  second;  gage 
height,  1.27  feet;  discharge,  18  second-feet. 
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Big  Cedar  Creek  iwar  Caveapf^ing^  Ga, — This  .stream  enters  Coc^a 
River  about  6  miles  northwest  of  Cavespring,  Measurement^^  were 
made  at  the  bridge  2^  miles  northeast  of  Cavespring.  The  bench  mark 
is  the  top  of  the  second  iron  floor  beam  from  the  right  end  of  the 
bridge,  upstream  side,  17.00  feet  above  the  datum  of  the  gage. 

January  21:  Width,  62  feet;  area,  207  square  feet;  mean  velocity,  0.37  foot  \^t 
second;  gage  height,  3.13  feet;  discharge,  78 second-feet. 

September  28:  Width,  67  feet;  area,  177  square  feet;  mean  velocity,  0.29  foot  \^t 
second;  gage  height,  3.00  feet;  discharge,  51  second-feet. 

Hatchet  Creek  iiear  Good/water^  Ala. — ^This  stream  enters  Coosa 
River  about  10  miles  east  of  Clanton,  Ala.  A  measurement  whs  made 
October  17  by  wading  200  yards  below  bridge  on  the  road  to  I  Ianov*»r, 
Ala.,  8  miles  from  Goodwater,  Ala.  The  bench  mark  is  the  down- 
stream end  of  the  first  floor  beam  from  the  left  bank,  21.00  feet  above 
the  datum  of  the  gage. 

Width,  26  feet;  area,  19  square  feet;  mean  velocity,  0.96  foot  per  set^ond;  gage 
height,  1.05  feet;  discharge,  18  second-feet. 

Tallapoosa  River  near  Tallapoosa^  Ga. — A  measurement  was  made 
March  9  from  the  wooden  bridge  near  the  Southern  Railway  and  one- 
half  mile  below  Bentley's  dam,  below  the  mouth  of  Walkers  Creek. 
The  bench  mark  is  the  top  of  the  upper  end  of  the  floor  beam  on  top 
of  wooden  pier,  106  feet  from  the  initial  point  for  soundings,  2oJni 
feet  above  the  datum  of  the  gage. 

Width,  89  feet;  area,  517  square  feet;  mean  velocity,  0.74  foot  per  second;  gape 
height,  6.25  feet;  discharge,  381  second-feet. 

Tallapoona  Rlvei'  i^ear  Ht^in^  Ala. — A  measurement  was  made  Sep- 
tem>>er  23  from  Ross's  bridge  near  Heflin,  Ala.  The  bench  mark  is 
three  tacks  in  first  beam  from  the  left  bank,  downstream  side,  17.<K» 
feet  above  the  datum  of  the  gage. 

Width,  90  feet;  area,  245  square  feet;  mean  velocity,  0.77  foot  per  second;  gage 
height,  2.22  feet,  discharge,  189  second-feet. 

Cedar  Creek  near  Wedowee^  Ala. — A  measurement  was  made  Septem- 
ber 24  at  the  bridge  12  miles  north  of  Wedowee.  The  bench  mark  i.^ 
bolt  which  holds  the  bridge  to  maple  tree  on  the  left  bank,  up.stream 
side,  7.00  feet  above  the  datum  of  the  gage. 

Width,  25  feet;  area,  42  square  feet;  mean  velocity,  0.53  foot  per  seconcl;  ga*n' 
height,  1.25  feet;  discharge,  22  second-feet. 

Hillabee  (-reek  near  Alexander  City^  Ala. — A  gaging  station  was  for 
a  while  maintained  on  this  tributary  of  Tallapoosa  Kiver;  the  gajrc 
height  below  is  from  the  old  gage.  A  measurement  made  October  14 
gave  the  following  results: 

Width,  87  feet;  area,  96  square  feet;  mean  velocity,  0.53  foot  per  s»econt1;  gaet* 
height,  0.73  foot;  (iis<»harge,  51  second-feet. 
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Tdllapoosa  Hivef*  at  MlUtead^  Ala, — A  meaHurement  was  made  April 
14  at  the  old  gaging  station  on  Tallapoosa  River  at  Milstead,  which  was 
abandoned  April  30,  1903. 

Width,  230  feet;  area,  1,587  square  feet;  mean  velocity,  2.44  feet  per  second;  gage 
height,  2.93  feet;  discharge,  3,871  second-feet. 

Blcickioater  Creek  near  Jasper ^  Ala, — This  stream  is  a  tributary  of 
Mulberry  Fork  of  Black  Warrior  River.  A  measurement  was  made 
May  24  from  the  wagon  bridge  about  5  miles  below  Carmack's  mill, 
near  Jasper,  Ala.  The  bench  mark  is  the  top  of  the  downstream  end 
of  the  floor  beam  34  feet  from  the  initial  point  for  soundings,  36.00  feet 
above  the  datum  of  the  gage. 

Width,  34  feet;  area,  41  square  feet;  mean  velocity,  0.42  foot  per  second;  gage 
height,  1.40  feet,  discharge,  17  second-feet. 

Ennt  Cahaba  Rivet*  near  Binningham,,  Ala. — A  measurement  was 
made  August  6  from  the  foot  log  at  the  ford  on  the  road  to  Columbiana, 
10  miles  from  Birmingham.  The  bench  mark  is  two  copper  nails  in 
the  downstream  side  of  an  ash  tree  on  the  left  bank,  50  feet  telow  the 
ford,  8.00  feet  above  the  datum  of  the  gage. 

Width,  34  feet;  area,  40  square  feet;  mean  velocity,  1.67  feet  per  second;  gage 
height,  2.00  feet;  discharge,  66  second-feet. 

Ea^t  Cahaba  River  near  Bridgeton^  Ala, — A  measurement  was  made 
August  6  at  the  ford  below  Deshazo's  mill  near  Bridgeton. 

Width,  49  feet;  area,  57  siquare  feet;  mean  velocity,  1.37  feet  per  second;  dis- 
charge, 79  second-feet. 

PEARI.  RIVER   DRAINAGE  BASIJiT. 

Pearl  River  rises  in  the  eastern  part  of  Mississippi.  It  flows  south 
into  Lake  Borgne,  an  arm  of  the  Gulf  of  Mexico,  forming  part  of  the 
boundary  between  Louisiana  and  Mississippi.  The  United  States 
Geological  Survey  maintains  one  station  on  this  river.  It  is  located 
at  Jackson,  Miss. 

PEARL   RIVER  AT  JACKSON,  MISS. 

This  station  was  established  June  24,  1901,  by  K.  T.  Thomas.  It  is 
located  2  miles  from  the  Union  station  at  Jackson,  Miss.,  one-eighth 
mile  above  the  Alabama  and  Vicksburg  Railroad,  and  two  blocks  east 
from  the  end  of  the  South  State  street  car  line.  The  chain  gage  is 
fastened  to  the  downstream  side  of  the  bridge  at  a  point  130  feet  from 
the  initial  point  for  soundings.  The  length  of  the  chain  from  the  end 
of  the  weight  to  the  marker  is  41.91  feet.  The  gage  is  read  once  each 
day  by  James  Hurst.  Discharge  measurements  are  made  from  the 
single-span  highway  bridge  and  from  an  approach  of  680  feet  of  iron 
trestle  on  the  left  bank.     The  initial  point  for  soundings  is  the  end  of 
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the  bridge  on  the  ri^ht  bank.  The  channel  make^  a  90^  curve  about 
200  feet  above  the  bridge.  It  is  nearly  straight  for  about  one-fourth 
mile  below  the  bridge.  The  right  bank  is  high  and  rock^-  and  does  not 
overflow.  The  left  bank  is  of  cleared  ground  and  overflows  at  about 
20  feet  gage  height.  The  width  of  the  stream  at  low  stages  is  about 
130  feet  and  at  flood  stages  about  900  feet.  The  bed  is  of  .sand  and 
gravel  and  is  s^hifting.  The  current  velocity  is  modemte,  but  is  not 
well  distributed,  and  is  broken  by  an  old  pier  and  some  short  pile:^ 
under  the  bridge.  At  low  stages  the  discharge  can  })e  measured  by 
wading  about  one-fourth  mile  above  the  bridge.  The  bench  mark  i;^ 
the  downstream  end  of  the  top  of  the  iron  floor  beam,  120  feet  from 
the  right-bank  end  of  the  bridge.  Its  elevation  is  89.00  feet  at>ove  gage 
datum.  The  elevation  of  the  bridge  floor  at  the  same  point  is  4-0.15 
feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Pearl  River  ai  Jackson,  Miss.,  in  190S  and  1904- 


Date. 

Hydrographer. 

Width. 

.\rea  of 
section. 

Mean 
velocity. 

Gage 
height. 

Ftet. 

I>iis('baTge. 

1903. 

Fret, 

Sfiuarrfffl. 

Feet  per  sec. 

."Srremd->»if 

March  10 

J.  M.  Giles 

7, 581 
645 
826 

2.11 
2.09 
2.40 

24.00 
4.15 
5,37 

16,  tViO 

July  13 

July  14 

September  24  . . 
September  24  . . 

1904. 

.....do  

1,^48 

do 

i.i*s> 

do 

276 

.46 

.80 

UN 

do 

267 

.53 

.78 

142 

' 

January  15 

J.M.Giles 

•     107 

408 

.88 

1.82 

:^T«> 

February  2i\  ... 

J.  M.  Giles  and 
E.G.  Murphy. 

'         114 

529 

1.26 

2.  49 

t>^ 

August  12 

J.  M.  Giles 

148 

1,398 

2.48 

8.20 

3,  4K3 

August  12 

do 

148 

1,281 

2.82 

8.26 

3,  Hi: 

October  28 

do 

65 

238 

.:i5 

.30 

S4 

October  280 

<lo 

'           35 

1 

72 

1.12 

.30 

7^ 

a  From  boat  at  different  section. 
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Mean  daily  gage  height,  i\ 

ft  feet,  of  Pea 
Apr.     May. 

8.3  2.0 
8.0         1.9 
7.6        1.8 

6.4  1.8 
6.9        2.0 

5.5  2-4 

\rl  River  at  Jackson,  . 

\rm.,  for  1904. 

Day. 

Jan.      Feb. 

1.3  '      2.0 
1.3         1.9 

Mar. 

2.2' 
2.2 

June. 

1 
July.     Aug. 

2.0        4.4 

1.8  ,      4.2 

1.4  1       3.8 

Sept. 

Oct. 

Nov. 

Dec. 

1 
2 

3 

•1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1.0 
1.0 
1.0 

2.3 

i.fi 

0.3 
.3 

0.9 

2.1         1.5 

in 

1.4         1.9        2.3 
1.4        2.0  \      2.2  ' 
1.4         2.1         2.H  . 

2.0 
1.8 
1.5 
1.5 
1.6 
1.5 
1.4 
1.4 
1.4 
1.3 
1.3 

1.3 

1.2 

1.1 

1.0 

1.0 

.9 

.9 

.8 

.8 

.8 

.7 

.6 

.6 

.5 

.5 

1 
.5           .8 

1.0  i      1.3        3.4 

1 

1.0      1-4 :     3.0 

.5  .       1-0 

.4 

.4 
.5 

1,0 

1.4         2.8 

1.4  2.3 

1.5  2.4 
1. 5         2. 6 

3.9 
4.2 
4.5 
4.6 
3.9 
8.8 
3.7 
3.6 

,     11 
1.1 

1.0 
1.0 

1.1 

1.2 
1.4 
1.6 
1.7 

1.4 
1.5 
2.1 

2.9 
8.1 
3-2 

1.0 

5.4 
9.8 
10.9 
10.9 
11.1 
10.2 
8.6 

2.7 
2.9 
8.2 
3.4 
2.9 
2.6 
2..S' 

1.3 

.4          1.4 

2.0  1      3.8 

1. 7         5. 8 

•4 
.5 

.5 

.5 

1.4 

1.4 
1.4 
1.5 

4.3 
5.5 
6.5 
7.4 

1.4 

2.5 
4.4 
7.1 

4.8 

6.8 
8.1 
7.1 

1.4 

1.5 

1.6 

1 
.5  1       1.5 

1.8 

fi.  S         3. 7 

8.0        1.9 
7.5  '      1-8 

6.6         1.3 

.5  !       1.5 

1.8         fi-6 

3.5 
3.2 
3.1 

1,7  i      5.0 

6.2 
5.9 
5.7 

1.2 
1.1 
1.1 

.5  !       1-4 

1.8 
1.9 

5.1 
4.6 

7.1 
6.7 

1.7 

1.6 

1.6 
1.5 

4.7 
4.5 

.5 
.5 

1.4 

1.3 

18 i      1.8 

4.2 

2.7 

5.0 

1.6 

1.3         4.1 

5.5 

1.1 

.5 

.5 

1.8 

19 
20 
21 

1.8 
1.7 

3.8 
3.5 
3.2 

2.6 
2.7 
7.3 

4.3 
3.7 

1.5 
1.5 

1. 3         4.2         5. 2 

1.0 

.6 

■  V 

.5 
.5 

1.2 

1.2         5.2         4.9         1.0 

1.2         4.9.      4.6         1.0 

■             III 

1.2 

1      1.7 

3.5         1.4 

1 
.7,       1.1 

22 1.8 

8.0        6.7 

3.1         1.3 

1 

.      1.1 

3.8 

4.4         1.0 

■   ■ 

.8 

1.1 

23 2.0        2.8        7.0 

2.9 

1.2 

1.1 

3.6 

4.2         1.0 

•  ^ 

.7 

1.0 

21 1.9'      2.6 

6.7 

2.8 

1.2 

1.1 

3.1 

3.8        1.3 

•    s 

.6 ;     1.0 

25 1.7 

2.5 

6.2 

2.6 

1.2* 

'        .9 

2.8 

3.6        1.4 

•    ■ 

.6         1.0 

26 

27 

1.7 

1.8 

2.5 
2.4 

5.6 
6.8 

2.4 
2.3 

1.1 
1.1 

.8 
.8 

2.7 
2.6 

3.3  ,      1.2 

.3 
.3 

.6 
.5 

1.1 

2.9 

1.2 

1.7 

2H 1.9 

2.3 

9.4 

2.2         1.1 

.8 

2.6  '      2.8 

1.3 

.3 

.5 

1.9 

29 2.0 

2.2 

9.9 

2.1  '      1.1 

1.2 

2.7        2.7        1.4 

.3 

.6 

1.5 

30 2.0 

8.7 

p 
1 

2.0        1.1 
1.1 

3.6 

4.0  .      2.9  .       1.6 

.3 
.3 

.8  1       1.8 

31 2.0 

4.5 

2.7 

2.4 

1 

Ruling  table 

•  for  Pear 

I  River  at 
height. 

Jackson,  Mi 
Discharge. 
Sronnd-Jed. 

ss.,fro 

January  1  to  Decembe 

r  SI,  1904. 

&t.      Discharge. 

Gage 
height. 

Discharge. 

G) 
hei 

Fi 

Eige 
ght. 

Dischai 

rge. 

Feet.      '  Second-ffet.         Fret. 

Fert. 

Second/eet. 

"rt. 

Second-^ 

feet. 

0.30 

80          1.50 

262         ; 

3.40 

982 

5.  80 

2,200 

.40                     88            1.60 

288 

3.60            1,078 

6.00 

2,310 

'      .50     :            97 

1.70 

316     I 

3.80           1,174 

6.50 

2, 585 

.60 

108 

1.80 

345 

4.00 

1,272 

7.00 

2,860 

.70 

120 

1.90 

375 

4.20           1,370 

7.50 

3, 135 

.80 

133 

2.00 

407 

4.40           1,470 

8.00 

3,435 

.90 

147 

2.20 

475 

4.60 

1,570    ' 

8.50 

3,735 

1.00               162 

2.40 

548 

4.80 

1,670 

9. 00           4, 035 

1.10               178     , 

2.60 

627     ■ 

5.00 

1,770 

9.50          4,335     1 

1.20 

1 

196 

2.80 

710     ; 

5.20 

1,870 

10.00 

4,635 

1     1.30 

216 

3.00 

797 

5.40 

1,980 

10. 50          4, 935 

1.40 

2'S^ 

\ 

3.20 

i 

S88 

5.60 

2,090 

11. 00          5, 2J 

io 
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The  preceding  table  is  based  upon  fourteen  dischar^  measurements  made  during 
1901-1904.  It  is  well  defined  between  gage  heights  0.30  foot  and  8.30  feet.  The 
table  has  been  extended  bevond  these  limits. 

Estimated  monthly  discharge  of  Pearl  River  at  Jackson,  Miss.,  for  1904- 


Month. 

Discharge  in 

necond-feet. 

Maximum. 

Minimam. 

216 
375 
475 
407 
178 
133 
216 
668 
162 
80 
80 
133 

Mean. 

■ 

407 

3,080 

4, 575 

5,295 

982 

1,078 

2,915 

3,495 

511 

288 

133 

548 

310 

1,(^9 

1,747 

2,372 

3S2 

• 

224 

972 

1,518 

242 
125 
100 

^o*> 

ar .......... 

5,295 

80 

773 

January  . . . 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November . 
December 

The  year 


MIKOR  EASTERN  GUIiF  OF  MEXICO  DRAINAGE  BASINS. 

MISCELLANEOUS   MEASUREMENTS. 

Conecuh  River  near  River  Falh^  Ala, — A  measurement  was  made 
May  24  at  a  bridge  8  miles  above  the  regular  gaging  station  on  Cone- 
cuh River  at  Beck,  Ala.  The  water  .surface  wai?  46.69  feet  below  the 
top  of  the  downstream  end  of  second  floor  beam  from  the  left  end  of 
the  bridge. 

Width,  120  feet;  area,  372  ?()uare  feet;  mean  velocity,  1.05  feet  per  second;  dis- 
charge, 391  second-feet. 

Patsaliga  Creek  near  Gantt,,  Ala. — This  stream  is  practically  the 
North  Fork  of  Conecuh  River,  entering  from  the  right  alK)ut  4  miles 
north  of  Andalusia,  Ala.  A  measurement  was  made  June  24  at 
Parker  Bridge,  near  Gantt.  The  water  surface  was  28.07  feet  below 
the  head  of  a  nail  driven  into  the  top  of  the  downstream  end  of  the 
wooden  floor  beam  under  the  middle  of  the  truss. 

Width,  65  feet;  area,  48  square  feet;  mean  velocity,  1.89  feet  per  second;  dischan^, 
91  second-feet. 

Yellow  River  near   Oak   Grove,,  Fla. — A  measurement  was  made 

June  23  at  Richburg  Bridge,  about  7  miles  ea.st  of  Laurel  Hill,  Fla. 

The  bench  mark  is  the  top  of  the  upstream  end  of  the  first  floor  beam 

from  the  left  pier  of  the  bridge,  20.00  feet  above  the  datum  of  the  gage. 

Width,  107  feet;  area,  190  square  feet;  mean  velocity,  1.20  feet  i)er  second;  pijz»» 
height,  2.39  feet;  discharge,  227  second-feet. 
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Choctaxohatchee  River  near  Elha  Junction^  Ala, — A  measurement 
was  made  September  24  from  the  Atlantic  Coast  Line  Railway  bridge, 
near  Elba  Junction.  The  water  surface  was  35.85  feet  below  the  top 
of  the  first  floor  beam  from  the  right  bank. 

Width,  95  feet;  area,  471  square  feet;  mean  velocity,  0.26  foot  per  second;  dis- 
charge, 124  second-feet. 

Chocta/whatcfiee liivernear Neivton^  Ala, — A  measurement  was  made 
September  24  at  the  wagon  bridge  1  mile  west  of  Newton  and  2  miles 
below  the  gaging  made  the  same  day  near  Elba  Junction.  The  water 
surface  was  36.70  feet  below  the  top  of  reinforcing  plate  at  the  bottom 
of  the  fourth  intermediate  post  from  the  left  bank,  downstream  side. 

Width,  55  feet;  area,  99  square  feet;  mean  velocity,  1.27  feet  per  second;  discharge, 
125  second-feet. 

Choctawhatchee  River  near  Bellwood^  Ala. — A  measurement  was 
made  June  20  from  the  wagon  bridge  2  miles  from  Bellwood.  The 
water  surface  was  20.45  feet  below  the  top  of  the  downstream  lower 
chord,  at  a  point  1  foot  to  the  right  of  the  first  intermediate  post  from 
the  left  bank. 

Width,  151  feet;  area,  456  square  feet;  mean  velocitj',  0.90  foot  per  second;  dis- 
chai^,  411  second-feet. 

Swioanee  River  at  railwayhridge^  near  Suwanee^  Fla. — Measurements 
were  made  from  the  Atlantic  Coast  Line  Railway  bridge  near  Suwanee, 
Fla.  The  bench  mark  is  the  top  of  the  downstream  end  of  the  second 
floor  beam  from  the  right  bank,  45.00  feet  above  the  datum  of  the  gage. 

December  20 — Width,  79  feet;  area,  397  square  feet;  mean  velocity,  0.74  foot  per 
second;  gage  height,  2.85  feet;  discharge,  295  second-feet. 

December  20 — Width,  79  feet;  area,  394  square  feet;  mean  velocity,  0.73  foot  per 
second;  gage  height,  2.85  feet;  discharge,  290  second-feet. 

Suwanee  River  at  wagon  bridge^  near  Suwanee^  Fla, — A  measure- 
ment was  made  Deceml)er  21  from  the  wagon  bridge  at  Suwanee  Sul- 
phur Spring.  The  bench  mark  is  a  chisel  mark  on  the  first  intermediate 
post  from  the  right  bank,  6  feet  above  the  top  of  the  floor  beam,  41.00 
feet  above  the  datum  of  the  gage. 

W^idth,  89  feet;  area,  249  square  feet;  mean  velocity,  0.95  foot  per  second;  gage 
height,  1.57  feet;  discharge,  237  second-feet. 

Suwanee  River  near  Ellaville^  Fla. — A  measurement  was  made 
December  22  from  the  Seaboard  Air  Line  Railway  bridge.  The  bench 
mark  is  the  downstream  end  of  the  first  floor  beam  from  the  left  bank, 
37.00  feet  above  the  datum  of  the  gage. 

Width,  231  feet;  area,  1,798  square  feet;  mean  velocity,  1.01  feet  per  second;  gage 
height,  1.41  feet;  discharge  1,813  second-feet. 

Santa  Fe  River  near  High  Springs^  Fla. — This  stream  enters  Suwa- 
nee River  from  the  left  about  30  miles  above  its  mouth.     A  measure- 
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ment  was  made  December  22  at  the  wagon  bridge,  just  above  the 
Atlantic  Coast  Line  Railroad  bridge.  The  bench  mark  is  the  top  of 
the  downstream  end  of  the  cap  of  the  first  bent  from  the  left  bank. 
17.00  feet  above  the  datum  of  the  gage. 

Width,  130  feet;  area,  996  square  feet;  mean  velocity,  0.54  foot  per  second;  gsge 
height,  1.60  feet;  discharge,  537  isecond-feet. 

Withldcoochee  River  at  Dxinnellon^  Fla. — A  measurement  was  made 
December  24  from  the  new  iron  wagon  bridge,  one-fourth  mile  from 
Dunnellon,  Fla. : 

Width,  82  feet;  area,  1,003  square  feet;  mean  velocity,  1.27  feet  per  second;  dis- 
charge, 1,270  second-feet.  The  water  surface  was  14J05  feet  below  the  top  of  the 
downstream  right-bank  pier. 

Blue  Run  near  Dunnellon^  Fla. — This  stream  is  tributary  to  With- 
lacoochee  River.  A  measurement  was  made  December  24  from  the 
wagon  bridge,  three-fourths  mile  east  of  Dunnellon: 

Width,  53  feet;  area,  422  square  feet;  mean  velocity,  1.70  feet  per  second;  tiijr 
charge,  716  second-feet.  The  water  surface  was  4.45  feet  below  the  top  of  the  (ap  <•!' 
the  right  bent,  downstream  side  of  the  bridge. 
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gage  heights 74 

mting  ttible 74 

Apalachicola  River  drainage  ba.sin: 

description 90-91 

.  Armour,  Ga. 

I  Peach  tree  Creek  at: 

I  description 118 

I  discharge 118 

I  Peachtree  Creek  (North  Fork)  nt^ar: 

I 

,                description 117 

discharge 117 

Peavine  Creek  near: 

description 118 

dischaige -. 118 

Augusta,  Ga. 

Savannah  River  at: 

description 42-43 

discharge 43 

discharge,  monthly 45 

gage  heights 44 

rating  table 45 

Austell,  Ga. 

Sweetwater  Creek  near: 

description 103, 1 19 

discharge 104, 119 

gage  heights '    104 

Beaverdam  Creek  near- 

Clarksville,  Ga  : 

description 116 

discharge 116 

Greensboro,  Ga.: 

description 89-90 

discharge 90 

Beck.  Ala. 

Conecuh  River  at: 

description 125-126 

discharge 126 

gage  heights 127 

Bellwood,  Ala. 

Choctawhatchee  RiTer  near: 

description 181 

discharge 181 

Belmont,  N.  C. 

Catawba  River  near: 

description 36 

discharge 36 

Catawba  River  (South  Fork)  near: 

description 36 

discharge C  6 

Big  Cedar  Creek  near— 

Cavespring.  Ga.: 

description 176 

discharge 176 

183 


184 
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Big  Potato  Creek  near—  Page. 

Thomaston,  Ga.: 

description 114, 120 

discharge 114,120 

Birmingham,  Ala. 

East  Cahaba  River  near: 

description 177 

discharge 177 

Black  Warrior  River  at  and  near- 
Cordova,  Ala.: 

description 163-164 

discharge 164 

discharge,  monthly 166 

gage  heights 165 

ratingtable 166 

Tuscaloosa,  Ala.: 

description 167 

discharge : 168 

gage  heights 168 

Black  Warrior  River  (Locust  Fork)  at— 
Pales,  Ala.: 

description 171-172 

discharge 172 

discharge,  monthly 174 

gage  heights 173 

rating  table 173 

Black  Water  Creek  near- 
Jasper,  Ala.: 

description 170, 177 

discharge 171,177 

Blackshear,  Ga. 

Hurricane  Creek  near: 

dttscription 90 

discharge 90 

Blue  Run  near— 
Dunnellon,  Pla.: 

description 182 

discharge 182 

Blue  Spring  near- 
Albany,  Ga.: 

description 120 

discharge 120 

Bridgeton,  Ala. 

East  Cahaba  River  near: 

description 177 

discharge 177 

Broad  River  (of  the  Cnrolinns)  at— 
Alston,  S.  C: 

description 28-29 

discharge 29 

discharge,  monthly 31 

gage  heights 30 

rating  table 30 

Broad  River  (of  Georgia )  near- 
Carl  ton,  Ga.: 

description 50 

discharge 51 

discharge,  monthly 52 

gage  heights 51 

rating  table 52 

Broad  River  (South  Fork)  near — 

Carlton,  Ga.: 

description 53, 54 

discharge 53, 54 

Comer,  Ga.: 

description 53 

distihurge 53 


Brookwood,  Ga,  Tat^t. 

Peachtree  Creek  near: 

description n> 

discharge 11* 

Buckhead,  Ga. 

Apalachee  River  near- 
description  T2-7i 

discharge 73 

discharge,  monthly "^ 

gage  heights 74 

rating  table Ti 

Cahaba  River  at— 
Centerville,  Ala.: 

description 1^7-:* 

discharge :  > 

discharge,  monthly I6i> 

gage  heights ihft 

rating  table \^ 

Calhoun,  Ga. 

Oothcaloga  Creek  near: 

description 17^ 

discharge i~> 

Calhoun,  S.  C. 

Keowee  River  near: 

description "iS 

discharge 'ii 

Calhoun  Falls,  Ga. 
Rocky  River  near: 

description ^-.\* 

discharge &■ 

Camden,  S.  C. 

Wateree  River  near: 

description j7-> 

discharge -> 

gage  heighbi •> 

Cannoochee  River  near— 
Groveland,  Ga.: 

description ri».-A7 

dischaige H7 

discharge,  monthly '«* 

gage  heights .v^ 

rating  table > 

Canton,  Ga. 

Etowah  River  at  and  near: 

description 130-131.  I7r> 

discharge isi,  ]:'• 

discharge,  mont  illy i:iS 

gage  heights i e 

rating  table 15J 

Carlton,  Ga. 

Broad  River  (of  Georgia^  near- 
description  5* 

discharge f*\ 

discharge,  monthly ;u' 

gage  heights .M 

rating  table v: 

Broad  R'iver  (South  Fork)  near: 

description '»;;.  M 

discharge o3. -4 

Clouds  Creek  near: 

description 34 

discharge v>4 

Cartecay,  Ga. 

Cartecay  River  near: 

description H2 

discharge H- 

gage  heights u:^ 
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Carlecay  River  near—  Page. 

Carteeay,  Ga.: 

description 

discharge 

gage  heights 

Carters*,  Ga. 

Cooctawattee  River  at: 

deiH^ription 

discharge 

diKcharge,  nioiitlily 

gage  heights 

rating  table 

Talking  Rock  Creek  near: 

description 144-145 


142 
142 
143 


189 
140 
141 
140 
141 


discharge 

Ca»h,  Ga. 

Pinelog  Creek  near: 

description 

discharge 

Sallacua  Creek  near: 

description 

discharge 

Catawba,  8.  C. 

Catawba  River  near: 

description 

discharge 

discharge,  monthly 

gage  heights 

mting  table 

Catawba  River  near — 
Belmont,  N.  C: 

description '. 

di»chttige 

Catawba,  S.  C: 

description 

discharge 

discharge,  monthly 

gage  heights 

rating  table 

Morgan  ton,  N.  (\: 

description 

discbarge 

discharge,  monthly 

gage  heights 

rating  table 

Ro<'k  Hill,  S.  C: 

description 

discharge 

(■Htawba  River  (South  Fork)  near— 
Belmont,  N.  C: 

description 

discharge 

Cave  Spring  at^- 
Cavespring,  Ga.: 

description 

discharge 

Ciivespring,  Ga. 

Big  Cedar  Creek  near 

description 

discharge 

Cave  Spring  at: 

description 

discbarge 

Little  Cedar  Creek  near: 

description 

discharge 


145 


174 
174 

174 
174 


20 
21 
22 
21 
22 


36 
36 

20 
21 
22 
21 
•22 

23 
24 
26 
25 
25 

36 
36 


36 
36 


175 
175 


176 
176 

175 
175 

175 
175 


Cedar  Creek  near—  Page. 
Wedowee,  Ala.: 

description 176 

discharge 176 

Centerville,  Ala. 
Cahaba  River  at: 

description 167-168 

discharge 158 

discharge,  monthly 160 

gage  heights 169 

rating  table 159 

Chattahoochee  River  at  and  near- 
Cornelia,  Ga.: 

description 91-92 

discharge 92 

Norcross,  Ga.: 

description 92-93 

discharge 9S 

discharge,  monthly 95 

gage  heights 94 

rating  table 94 

Oakdale,  Ga.: 

description 95-96 

discharge 96 

discharge,  monthly 98 

gage  heights 97 

rati  ng  table 97 

West  Point,  Ga.: 

description 98-99 

discharge 99 

discharge,  monthly 101 

gage  heights 100 

rating  table 100 

Chauga  River  near- 
Fort  Madison,  S.  C: 

description 46 

d  ischarge 46 

Choccolocco  Creek  near — 
Jenifer,  Ga.: 

description .'.  145 

discharge 146 

discharge,  monthly 148 

gage  heights 147 

rating  table 147 

Choclawhatchee  River  near- 
Bell  wood,  Ala.: 

description 181 

discharge 181 

Elba  Junction,  Ala.: 

description 181 

discharge 181 

Geneva,  Ala.: 

description 121 

discharge 122 

gage  heights 122 

Newton,  Ala.: 

description 181 

discharge 181 

Choctaw  hate  hee  River  drainage  basin: 

description 120-121 

Clarksville,  Ga. 

Beaverdam  Creek  near: 

description 116 

discharge 116 

Deep  Creeic  near: 

description 116 

disi'harge 1 16 
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ClarksviUe,  Ga.— Continued.  Pa«re. 

Soque  River  near: 

dencript  ion 1 17 

dlGcharge 117 

Clear  Creeic  near— 
Ellc,  Ala.: 

description 169 

discharge 169 

gage  heights 170 

Clemmn  College,  S.  C. 
Seneca  River  near: 

description 46-47 

discharge 47-48 

discharge,  monthly 49 

gage  heights 48 

rating  table 49 

Clouds  Creek  near^ 
CnrUon,  Ga.: 

dewription 54 

d  iHcharge 64 

Columbus,  Ga. 

Mulberry  Creek  near: 

description 106 

d  ischarge 105 

Columbus,  Miss. 

Tombigbee  River  near: 

desc;ription 1  ;0-161 

discharge 161 

discharge,  monthly 163 

gage  heights 162 

rating  table 162 

Comer,  Ga. 

Broad  River  of  Georgia  (South  Fork) 
near: 

description 63 

discharge 63 

Concord,  Ga. 

Flint  River  near: 

description 119 

discharge 119 

Conecuh  River  at  and  near- 
Beck,  Ala.: 

description 126-126 

discharge 126 

gage  heights 127 

River  Falls,  Ala.: 

description IW 

discharge IHO 

Connasauga  River  near— 
Resaca,  Ga.: 

description 175 

discharge 176 

Coosa  River  at — 
Riverside,  Ala.: 

description 136 

discharge 136 

discharge,  monthly 138 

gage  heights 137 

rating  table 137 

Coosa wattee  River  at— 
Carters,  Ga.: 

description 139 

discharge 140 

discharge,  monthly 141 

gage  heights 140 

rating  table 141 

Cordova,  Ala. 

Black  Warrior  River  near: 

description 163-164 


Cordova,  Ala.— Continued.  Pu^. 

Black  Warrior  River  near— Cont'd. 

discharge 164 

discharge,  monthly itt 

gage  heights IC3 

rating  table 1«6 

Cornelia,  Ga. 

Chattahoochee  River  near: 

description 91-5r2 

discharge tl 

Soque  River  near: 

description 117 

discharge 117 

Covington,  Ga. 

Alcovy  River  near: 

description w*-7i' 

discharge T^' 

discharge,  monthly 7: 

gage  heights 71 

rating  table 71 

Davisboro,  Ga. 

Williamsons  Swamp  Creek  at: 

description bi-» 

discharge o6 

gage  heights ji 

Deep  Creek  near— 

ClarksviUe,  Ga.: 

description IM 

d  ischarge 1 14 

DelU,  S.  C. 

Tiger  River  at: 

description s: 

discharge > 31 

Demorest,  Ga. 

Hazel  Creek  near: 

description 1 17 

discharge 117 

Soque  River  near: 

description loi-hri 

discharge HC 

discharge,  monthly lu. 

gage  heights ivi 

rating  table hn 

Double  Bridges  Creek  at— 

Geneva,  Ala.: 

description 122-13 

discharge 13 

gage  heights 1J3 

Dublin,  Ga. 

Oconee  River  at: 

description si  *c* 

discharge <5 

dischaige,  monthly ^ 

gage  heights m 

ratingtable m 

DunneUon,  Fla. 

Blue  Run  near: 

description iv. 

discharge is. 

Witblacoochee  River  at: 

description W 

dischafge is: 

East  Cahaba  River  near— 

Birmlngliam,  Ala,: 

description 77 

discharge 177 

Bridgeton,  Ala.: 

description 177 

discharge 177 
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Elba  Junction.  Ala.  Page. 

Ohoctawhatchee  River  near: 

deeicription 181 

dischaige 181 

Ellc,  Ala. 

Clear  Creelc  near: 

description 169 

discharere 189 

gage  heights 170 

Ellaville,  Fla. 

Suwanee  River  near: 

description 181 

discharge 181 

Ellijny,  Ga. 

Ellijay  River  near: 

description 143 

discharge 144 

Mountaintown  Creek  near: 

description 144 

discharge 144 

Ellijay  River  near — 
Kllijay,  Ga.: 

description 143 

d  iHcharge 144 

Enoree  River  near— 
Whitmire,  S.  C: 

description 32 

discharge 32 

Escambia  River  drainage  baHin: 

description 126 

Etowah  River  at  and  near — 

(-Hilton.  Ga.: 

description 130-131 ,  175 

discharge 131,175 

discharge,  monthly 138 

gage  heights 132 

rating  table 132 

Kingston,  Ga.: 

description 175 

dim^harge 175 

Rome,  Ga.: 

description 133-134 

discharge 134 

discharge,  monthly 135 

gage  heightj} 135 

rating  table 135 

Flint  River  at  and  near- 
Albany,  Ga.: 

description 109-11 1 

discharge Ill 

discharge,  monthly 113 

gage  heights 112 

rating  table 113 

Concord.  Ga.: 

description 119 

discharge 119 

Montezuma,  Ga.: 

description 119 

discharge 119 

Woodbury,  Ga.: 

description 105-106, 119 

discharge lOf.,  119 

discharge,  monthly 109 

gage  heights 107 

rating  table 108 


FloviUa,  Ga.  Page. 

Ocmulgee  River  near: 

description 6^-M 

discharge 64 

discharge,  monthly 66 

gage  heights 66 

rating  table 65 

Fort  Madison,  8.  C. 

Chauga  River  near: 

description 46 

d  ischarge 46 

Gantt,  Ala. 

Patsaliga  Creek  near: 

description 180 

discharge 180 

Geneva.  .\Ia. 

(■hoctawhatchee  River  near: 

description 121 

discharge 122 

gage  heights 122 

l>ouble  Bridges  Creek  at: 

description 122-123 

di.scharge 123 

gage  heights 12:^ 

Goodwater,  Ala. 

Hatchet  Creek  near: 

description 176 

discharge 176 

Greensboro,  Ga. 

Beaverdam  Creek  near: 

disc;ription 89-90 

discharge 90 

Oconee  River  near: 

descriptidti 75-76 

discharge 76 

discharge,  monthly 78 

gage  heights 77 

rating  table 77 

Groveland,  Ga. 

Cannoochee  River  near: 

description 56-67 

discharge 57 

discharge,  monthly 69 

gage  heights 68 

rating  table 68 

Hatchet  Creek  near — 
Goodwater,  Ala.: 

description 176 

dischaige 176 

Hazel  Creek  near— 
Demorest,  Ga.: 

description 117 

discharge 117 

Heflin,  Ala. 

Tallapoosa  River  near: 

description 152, 176 

discharge 1 52, 176 

High  Springs,  Fla. 

Santa  Fe  River  near: 

description 181-182 

discharge 182 

Hillabee  Creek  near— 
Alexander  City,  Ala.: 

description 176 

discharge 176 
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Hone  Creek  near—  Fage. 

Lumber  City,  Oa.: 

description 89 

dischargee 89 

Hurricane  Creek  near— 

Blaokshear,  Ga.: 

description 90 

diflchaige 90 

Jack  River  near— 

Alaculsy,  Ga.: 

description 174 

discharge 174 

Jackson,  Ga. 

South  River  near: 

description 88 

discharge 88 

Yellow  River  near: 

description 88 

discharge 88 

Jackson,  Miss. 

Pearl  River  at: 

description 177-178 

discharge 178 

discharge,  monthly 180 

gage  heights 179 

rating  table 179 

Jasper,  Ala. 

Black  Water  Creek  near: 

description 170, 177 

discharge 171, 177 

Jenifer,  Ga. 

Choccolocco  Creek  near: 

description 145 

discharge 146 

discharge,  monthly 148 

gage  heights 147 

rating  table 147 

John  River  near- 
Morgan  ton,  N.  C: 

description 26 

discharge 27 

Keowee  River  near— 

Calhoun,  S.  C: 

description 63 

discharge , 58 

KInchafoonee  Creek  near- 
Albany,  Ga.: 

description 116-116 

discharge 116 

Kingston,  Ga. 

Etowah  River  near: 

description 175 

di.scharge .\ 175 

Lithia  Springs,  Ga. 

Sweetwater  Creek  near: 

description 118 

discharge 118 

Lithonia,  Ga. 

Pole  Bridge  Creek  near: 

description 88 

discharge 88, 89 

South  River  near: 

description ; 60, 61 

discharge 61 

discharge,  monthly 63 

gage  heights 62 

rating  table 62 


Little  Cedar  Creek  near— 
Cavespring,  Oa.: 

description TO» 

discharge i: 

Little  Ocmulgee  River  at— 
Wiloox,  Ga.: 

description..: * 

dischaige ^ 

Little  River  near— 
MilledgevUle,  Ga.: 

description n 

discharge yi. 

Little  TallapooBa  River  near— 
Wedowee,  Ala.: 

description ix.  r" 

discharge r: 

Lumber  City,  Ga. 
Horse  Creek  near: 

description -*« 

dischaige -^ 

Macon,  Ga. 

Ocmulgee  River  at: 

description t*^" 

discharge r 

discharge,  monthly <«< 

gage  heights t^ 

rating  table v 

Madison,  S.  C. 

Tugaloo  River  near: 

description »*-♦' 

dischaige * 

discharge,  monthly t. 

gage  heights 41 

ratingtable 4i 

Milledgeville,  Ga. 
Little  River  near: 

description "^i 

dischaige *■ 

Oconee  River  at  and  near: 

description 7h-7:».  •?: 

discharge 7^  *j 

discharge,  monthly *i 

gage  heights h 

rating  table >• 

Milstead,  Ala. 

Tallapoosa  River  at: 

description ir 

discharge it 

Mobile  River  drainage  basin: 

description 15 

Montezuma,  Ga. 
Flint  River  near: 

description i:, 

discharge i:.- 

Morganton,  N.  C. 

Catawba  River  near 

description s 

discharge ji 

discharge,  monthly :* 

gage  heights i 

rating  table 3 

John  River  near: 

description y> 

discharge -^ 

Mountaintown  Creek  near— 
Ellijay.  Ga.: 

description lu 

discharge m 
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Muckalee  Creek  near —  Page. 

Albany,  Ga.: 

description. 114-115 

discharge 115 

Mulberry  Creek  near- 
Columbus,  Ga.: 

description 105 

discharge 105 

NewtCHif  Ala. 

Choctaw hatchee  River  near: 

description 181 

d  ischaige 181 

Newton  Factory,  Ga. 
Alcovy  River  near: 

description 89 

dlHcharge 89 

Nickajack,  Ga. 

Nickajack  Creek  near: 

description 118 

discharge 118 

Nickajack  Creek  near — 
Nickajack,  Ga.: 

description 118 

dischaige • 118 

Noicrois.s,  Ga. 

Chattahoochee  River  near: 

description 92-93 

discharge 93 

discharge,  monthly &5 

gage  heights 94 

rating  table 94 

Nottingham,  Ala. 

Talledega  Creek  at: 

description 148 

discharge 149 

discharge,  monthly 150 

gage  heights 149 

rating  table 150 

Oak  Grove,  Fla. 

Yellow  River  near: 

description 180 

discharge 180 

Oakdale,  Ga. 

Chattahoochee  River  at: 

description 95-96 

discharge 96 

discharge,  monthly 96 

gage  heights :  97 

rating  table 97 

Ocmulgee  River  at  and  near — 

Flovilla,  Ga.: 

description 63-64 

discharge 64 

discharge,  monthly 66 

gageheights 65 

rating  table 65 

Macon,  Ga.: 

description 66-67 

discharge 67 

discharge,  monthly 69 

gageheights .        68 

rating  table 68 

Oconee  River  at  and  near- 
Dublin,  Ga.: 

description 81-82 

discharge 83 

^lischar^e,  monthly ,.  $5 


Oconee  River  at  and  near— Continued.        Page. 

Dublin,  Ga.— Continued. 

gageheights 84 

ratingtable 84 

Greensboro,  Ga.: 

description 75-76 

discharge 76 

discharge,  monthly 78 

ga^e  heights 77 

rating  table 77 

Milledgeville,  Ga.: 

description 78-79, 89 

discharge 79-89 

discharge,  monthly 81 

gageheights 80 

ratingtable 80 

Ogeechee  River  drainage  badn: 

description 54 

Ohopee  River  near— 

Reidsville,  Ga.: 

description 85-86 

diachaige 86 

discharge,  monthly 88 

gage  heights 87 

ratingtable 87 

Oostanaula  River  at— 

Resaca,  Ga.: 

description 138-139 

Oothcaloga  Creek  near— 

Calhoun,  Ga.: 

description 175 

discharge 175 

Palos,  Ala. 

Black  Warrior  River  (Locust  Fork)  at: 

description 171-172 

discharge 1 72 

discharge,  monthly 174 

gage  heights 173 

rating  table 173 

Patsaliga  Creek  near— 

Gantt,  Ala.: 

description •  180 

discharge 180 

Pea  River  at— 

Pent,  Ala.: 

description ^ 123-124 

discharge 124 

gage  heights 125 

Peachtree  Creek  at  and  near- 
Armour,  Ga. : 

description 1 18 

discharge 118 

Brook  wood,  Ga.: 

description '      118 

discharge 118 

Peachtree  Creek  (North  Fork)  near- 
Armour,  Ga.: 

description 117 

discbarge 117 

Pearl  River  at— 

Jackson,  Miss.: 

description 177-178 

discharge 1 78 

discharge,  month  ly IJO 

gage  heights 1 79 

rating  table 179 

Pearl  River  drainage  banin: 

description 177 
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Peavine  Creek  near—  Page. 

Armour,  Ga.: 

description 118 

discharge 118 

Pera,  Ala. 

Pea  River  at: 

description 123-124 

discharge 124 

gage  heights 125 

Pinelog  Creek  near- 
Cash,  Ga.: 

description 174 

discharge 174 

Pole  Bridge  Creek  near— 
Lithonia,  Gn.: 

description 88 

-discharge 88, 89 

Red  Oak  Creek  near— 
Woodbury,  Ga.: 

description 119-120 

discharge 120 

Reedy  River  near- 
Waterloo,  S.  C: 

description 35 

discharge 36 

Reidsville,  Ga. 

Ohoopee  River  near: 

description 85-86 

discharge 86 

discharge,  monthly 88 

gage  heights 87 

rating  table 87 

Resaca,  Ga. 

Con nasauga  River  near: 

description 175 

discharge 175 

Oostanaula  River  at: 

description 138^139 

River  Falls,  Ala. 

Conecuh  River  near: 

description 180 

discharge 180 

Riverside,  Ga. 
Coosa  River  at: 

description 136 

discharge 136 

discharge,  monthly 138 

gage  heights 137 

rating  table 137 

Riverview,  Ga. 

White  Oak  Creek  near: 

description 119 

discharge 119 

Rock  Hill.  N.  C. 

Calawba  River  near: 

description 36 

discharge 36 

Rocky  River  near — 
Calhoun  Falls.  S.  C: 

description 49-50 

discharge 50 

Rome,  Ga. 

Etowah  River  near: 

description 13.3-134 

discharge 134 

discharge,  monthly 135 

gage  heights 135 

rating  table 135 


Rottenwood  Creek  near—  F^jr-. 

Vhiings,  Ga.: 

description 117 

discharge 117 

Sallacoa  Creek  near- 
Cash,  Ga.: 

deacriptlon 174 

discharge 174 

Sahida  River  near- 
Waterloo,  S.  C: 

description 32-S3.3« 

discharge t^x 

discharge,  monthly J"^ 

gageheights U 

rating  table $4 

Santa  Fe  River  near- 
High  Springs,  Fla.: 

description lgl-lt> 

discharge K 

Santee  River  drainage  basin: 

description 17-lS 

Satilla  River  near— 
Waycross,  Ga.: 

description 90 

discharge » 

Savannah  River  at— 
Augusta,  Ga.: 

description 42-C 

discharge C 

discharge,  monthly 4."^ 

gageheights 44 

rating  table 43 

Savannah  River  drainage  basin: 

description 3T 

Selma,  Ala. 

Alabama  River  at: 

description 127-1? 

discharge IJ?^ 

discharge,  monthly 139 

gage  heights 13 

rating  table \3 

Seneca  River  near — 

Clemson  College,  S.  C; 

description 4ft-47 

discharge 47-4^ 
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rating  table 4j 
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Clarksville,  Ga.: 
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discharge ;:: 
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description r" 

discharge i:: 
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description lOl-HH 

discharge l« 
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discharge 61 
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Sturdevant,  Ala. 

Tallapoosa  River  at: 
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discharge 154 

discharge,  monthly 1&6 

gage  heights 155 

ratingtable 156 
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Wilcox,  Ga.; 
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discharge 89 
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dischaige ^ 181 
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Ellaville.  Fla.: 

description IKl 

dischaige 181 
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discharge 104.119 
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gage  heights 149 

rating  table 150 
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description 150-151, 176 

discharge 151,152,176 

Tallapoosa  River  at  and  near— 
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description 162, 176 
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rating  table 166 
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dischaige 38 
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Thomaston,  Ga. 
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description 114. 120 

discharge 114,120 

Tiger  Creek  at— 
Wiley,  Ga.: 

description 58 

discharge 53 

Tiger  River  at— 
Delta,  S.  C: 

description 31 

discharge 81 
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Columbus,  Miss.: 

description 160-161 

discharge 161 
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ratingtable 162 
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discharge 40 
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Tuscaloosa,  Ala. 
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discharge 168 
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description 117 

discharge 117 
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description 119 

discharge 119 

Waieree  River,  near— 
Camden,  S.  C: 

description 27-28 

d  ischaige 28 

gage  heights 28 

Waterloo,  S.  C. 

Reedy  River  near: 

description 86 

discharge 36 

Saluda  River  near: 

description 32-33, 36 

discharge 33, 36 

dischaige,  monthly 35 
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Waterloo,  S.  C— Continued.  Pa^e. 

Saluda  River  near— Continued. 

gage  heights 34 

latingtable 34 

Waycroes,  Ga. 

atilla  River  near: 

description 90 

dijscharge 90 

Wedowee,  Ala. 

Cedar  Creek  near: 

description 176 

discharge 176 

Little  Tallapoosa  River  3  miles  north 
of: 

description 166 

discharge 157 

Little  Tallapoosa  River  6  miles  north- 
west of: 

description 157 

discharge 157 

West  Point,  Ga. 

Chattahoochee  River  ai: 

description 9&-99 

discharge 99 

discharge,  monthly 101 

gage  heights ICO 

rating  table 100 

White  Oak  Creek  near— 
Riverview,  Ga.: 

description 119 

discharge 119 

Warnersville,  Ga.: 

description 119 

discihargc 119 

Whitmire.  S.  C. 

Enoree  River  near: 

description 32 

discharge 32 
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discharge *« 

Sugar  Creek  at: 

description h9 

discharge ^ 

Wiley,  Ga. 

Tiger  Creek  at: 

description ?»* 

discharge S> 

Williamsons  Swamp  Creek  at — 
Davisboro,  Ga.: 

description i4->5 

discharge V' 

gage  heights % 

Withlacoochee  River  at— 
Dunnellon,  Fla.: 

(A«»cription 1«2 

discharge .• l¥_* 

Woodbury,  Ga. 

Flint  River  near:  * 

description 105-lOh.  115 

discharge iw.  Hi 

discharge,  monthly iw 

gage  heights 1  iT 

rating  table Ik 

Red  Oak  Creek  near: 

description ll9-i:o 

dischaige IJO 

Yellow  River  near- 
Jackson,  Ga.: 

description ss 

discharge rsS 

Oak  Grove,  Fla.: 

description K* 

dischaige i.< 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 
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2.  Every  member  of  Congress  is  allotted  a  certain  number,  from  whom  they  may 
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3.  Other  copies  are  deposited  with  fhe  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be 
consulted  bv  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 

Series  P. — ^The  hydrographic  progress  reports  contain  the  reiults  of  fitream  measurements.  A 
report  is  Issued  for  every  calendar  year,  containing  the  results  of  data  collected  during  that  year. 
These  reports  were  first  published  as  a  part  of  the  Director's  annual  report  or  as  a  bulletin;  they  are 
now  published  as  water-supply  and  irrigation  papers.  The  following  is  a  list,  by  years,  of  the  publica- 
tions containing  the  progress  reports  of  stream  measurements.  A  detailed  index  of  these  reports 
(1888-1903)  is  published  as  Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Report,  Part  II. 

1895.  Bulletin  No.  140. 
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1899.  Water-supply  Papers  Nos.  86,  86,  37,  88,  and  39;  Twenty-first  Annual  Report,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47,  48,  49,  50,  51,  and  52;  Twenty-second  Annual  Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  75. 
West  of  MissLwippi  River,  Water-Supply  Papers  Nos,  66  and  75. 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  Mississippi  River,  Water-Supply  Paper?  Nos.  84  and  85. 
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Paso,  Tex.;  Billings,  Mont.;  Great  Falls,  Mont.;  Hazen,  Nev.;  Boise,  Idaho;  Spokane.  Wash..  424 
Peyton  Block;  Pendleton,  Oreg. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Wdshmgtoii^  D,  C. ,  March  2,  1905. 

Sir:  I  transmit  herewith  the  manuscript  of  Part  V  of  a  series  of 
twelve  papers  which  compose  the  Report  of  Progress  of  Stream  Meas- 
urements for  the  Calendar  Year  1904.  Parts  I  to  VI  of  this  report 
contain  the  results  of  the  data  collected  in  the  territory  east  of  the 
Mississippi  River.  Parts  VII  to  XII  are  devoted  to  the  data  collected 
in  the  territory  west  of  the  Mississippi  River. 

The  larger  part  of  the  original  data  for  this  report  was  collected 
under  the  direction  of  district  hydrographers  M.  R.  Hall  and  E. 
Johnson,  jr.  Mr.  Hall  covered  the  territory  south  of  and  including 
Tennessee  River  and  was  assisted  by  Warren  E.  Hall,  J.  M.  Giles,  and 
B.  S.  Drane.  Mr.  Johnson  had  the  northern  portion  of  the  drainage 
and  was  assisted  by  F.  W.  Hanna  and  R.  W.  Pratt.  The  assembling 
of  the  data  and  its  preparation  for  publication  were  done  under  the 
direction  of  John  C.  Hoyt,  who  has  been  assisted  by  R.  H.  Bolster, 
Robert  Follansbee,  Willis  E.  Hall,  A.  H.  Horton,  H.  D.  Comstock, 
F.  H.  Tillinghast,  and  H.  M.  Morse. 

I  request  that  this  manuscript  be  published  as  one  of  the  series  of 
Water-Supply  and  Irrigation  Papers. 
Very  respectfully, 

F.  H.  Newell,  Chief  Engmeei\ 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 


PROGRESS    REPORT   OF   STREAM    MEASUREMENTS 

FOR  THE  CALENDAR  YEAR  1904. 


By  M.  R.  Hall,  E.  Johnson,  Jr.,  and  John  C.  Hoyt. 


INTRODUCTION. 

The  hydrographic  work  of  the  United  States  Geological  Survey 
includes  the  collection  of  facts  concerning  and  the  study  of  conditions 
affecting  the  behavior  of  water  from  the  time  it  reaches  the  earth  as 
min  or  snow  until  it  joins  the  oceans  or  great  navigable  rivers.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in 
the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo, 
N.  Mex.  Since  that  date  the  work  has  been  continually  and  gradually 
extended  as  larger  funds  became  available.  The  first  distinctive 
appropriation  for  gaging  streams  was  made  by  the  act  of  August  18, 
1894,  which  contained  an  item  of  $12,500,  "for  gaging  the  streams 
and  determining  the  water  supply  of  the  United  States,  including  the 
investigation  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections."    (Digest  of  Appropriations  for  1895,  p.  270.) 

Since  that  time  a  similar  act  has  been  passed  each  year  and  the 
appropriations  have  gradually  increased,  as  shown  in  the  following 
table: 

Aniiual  appropriations  for  hydrographic  surveys. 

Year  ending  June  30,  1895 $12,500 

Year  ending  June  30,  1896 25,000 

Year  ending  June»30,  1897 50,000 

Year  ending  June  30,  1898 50,000 

Year  ending  June  30,  1899 50,000 

Year  ending  June  30,  1900 50,000 

Year  ending  June  30,  1901 100,000 

Year  ending  June  30,  1902 100,000 

Year  ending  June  30,  1903 200,000 

Year  ending  June  30,  1904 ,.  200,000 

Year  ending  June  30,  19a5 '..  200, 000 

Year  ending  June  30,  1906 200,000 
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The  chief  feature  of  the  work  of  the  hydrographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  waters  and  the  conditions 
aflfecting  the  same.  In  this  connection  other  information  that  may  k 
of  use  to  the  engineer  or  others  in  h3^drogrHphic  studies,  such  as  river 
profiles,  duration  and  extent  of  damage  by  floods,  water-power  data, 
etc.,  is  collected.  Furthermore,  the  work  has  been  so  directed  that 
the  information  collected  will  be  of  direct  value  in  the  commercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  June  30,  \^^,  the 
work  has  been  largely  extended  and  thoroughly  systemized.  The 
various  States  have  been  grouped  into  districts,  each  of  which  is^  under 
the  supervision  of  a  district  hydrographer  who,  with  a  corps  of  assi-^t- 
ants,  devotes  his  whole  time  to  the  study  of  the  hydrographic  re.souri*» 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  pre|ia- 
ration  for  publication  are  given  in  detail  in  Water-Supply  Paper  No. 
94.     (Hydrographic  Manual,  U.  S.  Geol.  Survey.) 

The  general  plan  of  stream  gaging  which  has  been  developed  is  to 
obtain  eventually  data  in  regard  to  th6  flow  of  all  the  important  streanb 
in  the  United  States.  With  this  in  view  gaging  stations  are  estab- 
lished at  points  where  the  data  will  be  of  greatest  commercial  value. 
At  these  stations  discharge  measurements  are  taken  from  time  to  time 
at  typical  river  stages,  and  the  daily  surface  fluctuation  is  obtained  W 
means  of  gage  readings.  From  these  two  factors  it  is  possible  to 
estimate  both  the  total  flow  and  its  distribution  through  the  period  of 
observation. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largely  upon  the  needs  of  each  local 
ity.  If  the  stream  is  to  be  used  for  water  power,  special  cflFoitsHn' 
made  to  obtain  information  concerning  the  low- water  flow.  If  water 
is  to  be  stored,  the  high  waters  are  given  special  attention.  In  ail 
sections  certain  permanent  stations  are  maintained  for  general  statis 
tical  purposes  to  show  the  conditions  which  exist  through  long  perioik 
They  also  act  as  prlmar}^  stations,  and  are  used  in  connection  witii 
short  series  of  measurements  to  determine  the  flow  in  particular 
portions  of  the  drainage  basin. 

Gaging  sbitions  are  divided  into  two  general  classes:  Fii*st,  current 
meter  stations,  and,  second,  weir  stations.  The  former  clajw  i;*  >u'^ 
divided  as  to  location  into  bridge,  cable,  boat,  and  wading  stations 
Fig.  1  shows  a  cable  station  with  car,  tag  line,  inclined  gage,  etc.  In 
addition  to  the  bridge,  cable,  or  boat,  the  equipment  of  a  current 
meter  gaging  station  consists  in  a  gage  for  determining  the  daily 
fluctuations  of  the  water  surface,  bench  marks  to  which  the  zero  oi 
the  gage  is  referred,  and  permanent  marks  on  the  bridge  or  a  tagged 
line  indicating  the  points  of  measurement.     Where  the  current  w 
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The  chief  feature  of  the  work  of  the  hydrographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  waters  and  the  condition^ 
affecting  the  same.  In  this  connection  other  information  that  may  be 
of  use  to  the  engineer  or  others  in  hj'^drographic  studies,  such  as  river 
profiles,  duration  and  extent  of  damage  by  floods,  water-power  data. 
etc. ,  is  collected.  Furthermore,  the  work  has  been  so  directed  thai 
the  information  collected  will  be  of  direct  value  in  the  commercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  June  30,  1H()2,  the 
work  has  been  largely  extended  and  thoroughly  systemized.  1¥ 
various  States  have  been  grouped  into  districts,  each  of  which  i.s  under 
the  supervision  of  a  district  Iwdrographer  who,  with  a  corps  of  as!ii<i- 
ants,  devotes  his  whole  time  to  the  study  of  the  h^^drographic  recounts 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  pr^pi 
ration  for  publication  are  given  in  detail  in  Water-Supph-  Paper  No. 
94.     (Hydrographic  Manual,  U.  S.  Geol.  Survey.) 

The  general  plan  of  stream  gaging  which  has  been  developer!  b  to 
obtain  eventually  data  in  regard  to  th6  flow  of  all  the  important  streams 
in  the  United  States.  With  this  in  view  gaging  stations  are  estab- 
lished at  points  where  the  data  will  be  of  greatest  commercial  value. 
At  these  stations  discharge  measurements  are  taken  from  time  to  tinu' 
at  typical  river  stages,  and  the  daily  surface  fluctuation  is  obtained  by 
means  of  gage  readings.  From  these  two  factors  it  is  possible  t« 
estimate  both  the  total  flow  and  its  distribution  through  the  period  of 
observation. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largely  upon  the  needs  of  each  local 
it}'.  If  the  stream  is  to  be  used  for  water  power,  special  effoit^aro 
made  to  obtain  information  concerning  the  low- water  flow.  If  water 
is  to  be  stored,  the  high  waters  are  given  special  attention.  In  all 
sections  certain  permanent  stations  are  maintained  for  general  statir 
tical  purposes  to  show  the  conditions  which  exist  through  long  i)eri(Kk 
They  also  act  as  primary  stations,  and  are  used  in  connection  vith 
short  series  of  measurements  to  determine  the  flow  in  particular 
portions  of  the  drainage  basin. 

Gaging  stations  are  divided  into  two  general  cla.sses:  First,  current- 
meter  stations,  and,  second,  weir  stations.  The  former  class  i5>  >^^^ 
divided  as  to  location  into  bridge,  cable,  boat,  and  wading  stations 
Fig.  1  shows  a  cable  station  with  car,  tag  line,  inclined  gage,  etc  1» 
addition  to  the  bridge,  cable,  or  boat,  the  equipment  of  a  current 
meter  gaging  station  consists  in  a  gage  for  determining  the  daJl^ 
fluctuations  of  the  water  surface,  bench  marks  to  which  the  zero  of 
the  gage  is  referred,  and  permanent  marks  on  the  bridge  or  a  tafH 
line  indicating  the  points  of  measurement.     Where  the  current  k 
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swift  some  appliance,  k^x^'^Hv  a  secondary  cable,  is  necessary  to 
hold  the  meter  below  the  surface. 

Gaging  stations  are  generally  located  at  bridges,  if  the  channel  con- 
ditions are  satisfactory,  as  from  them  the  meter  can  be  easily  manipu- 
lated, and  the  cost  of  the  equipment  is  comparatively  small.  The 
stations  are  located  as  far  as  possible  at  points  where  the  channel  is 
straight,  both  above  and  below  the  gaging  section,  and  where  there 
are  no  cross  currents,  backwater,  or  boils.  The  bed  of  the  stream 
should  be  as  clear  as  possible  from  large  projections  and  of  a  perma- 
nent character.  The  banks  should  I*  high,  and  should  overflow  at 
high  stages  only.  At  stations  with  shifting  beds  more  measurements 
are  made,  and  special  methods  of  computing  daily  disi:-harges  ai-e 
employed.  Great  care  is  taken  in  the  selection  and  equipment  of 
gaging  stations  in  order  that  the  data  may  have  the  required  degree 
of  accuracy. 


On  many  of  the  larger  rivers,  where  water  power  is  developed  by 
dams,  estimates  of  flow  are  obtained  by  observing  the  head  on  the 
crest  and  using  a  weir  formula.  On  the  smaller  streams  sharp-cre.sted 
weii-H  are  in  some  cases  erected. 

The  principal  instrument  used  in  stream -measureui en t  work  is  the 
current  meter,  by  which  the  velocity  of  the  flow  of  water  is  deter- 
mined. After  years  of  experience  the  Survey  has  adopted  the  Price 
current  meter  for  general  work.  This  meter,  as  is  shown  on  PI,  II, 
is  made  in  two  sizes,  known  as  the  large  and  small  Price.  The  small 
Pri(«  has  been  largely  developed  by  the  officers  of  the  Survey,  using 
the  Price  acoustic  meter  as  a  basis. 

A  distrharge  measurement  is  the  determination  of  the  quantity  of 
water  flowing  past  a  certain  point  at  a  given  time.  This  quantity  is 
the  product  of  two  factors:  (1)  The  mean  velocity,  which  is  the  func- 
tion of  the  cross  section,  surface  slope,  wetted  perimeter,  and  rough- 
ness of  bed;  (2)  the  area,  which  depends  upon  the  permanency  of  the 
bed  and  the  fluctuations  of  the  surface,  which  govern  the  depth. 
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In  making  the  measurement  an  arbitrary  number  of  poiuts  are  laid 
off  perpendicular  to  the  thread  of  the  stream  (see  fig.  1).  These  points 
are  usually  at  regular  intervals  varying  from  2  to  20  feet,  depending 
upon  the  size  and  conditions  of  the  stream.  They  are  known  a^ 
measuring  points,  and  at  them  the  observed  data,  the  velocitieH  ami 
soundings,  are  taken.  The  peipendiculars  dropped  from  the  measur- 
ing points  divide  the  gaging  section  into  strips,  and  for  each  strip  (►r 
pair  of  strips  the  mean  velocity,  area,  and  discharge  are  determined 
independently;  thus  conditions  existing  in  one  part  of  the  stream  an* 
not  distributed  to  parts  where  they  do  not  apply. 

The  methods  of  obtaining  velocit3^  with  the  current  meters  which 
are  in  general  use  may  be  grouped  into  three  classes:  Single  point, 
multiple  point,  and  integmtion. 

The  single-point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity,  or  at  an  arbiti-ary  depth  for 
which  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. Extensive  experiments  by  vertical  velocity -curves  show  thai 
the  thread  of  mean  velocity  lies  at  from  0.5  to  0.7  of  the  total  deptL 
In  general  practice  the  thread  of  mean  velocity  is  considei"ed  to  be  ai 
0.6  depth,  and  it  is  at  this  depth  that  the  meter  is  held  in  the  majority 
of  the  measurements,  this  being  known  as  the  six-tenth  depth  method. 
It  is  found  by  a  large  number  of  vertical  velocity-curve  measurement>. 
taken  on  various  streams  and  under  various  conditions,  that  the  coeffi- 
cient for  reducing  the  velocity  obtained  at  six-tenths  depth  to  mean 
velocity  is  practically  unitj^,  i*anging,  in  a  series  of  910  measurement'^ 
made  at  39  gaging  stations,  between  .94  and  1.04,  with  a  mean  for  the 
910  observations  of  1.00.  In  the  other  principal  single-point  method 
the  meter  is  held  near  the  surface,  usuallv  1  foot  below,  oi*  low  enou<rh 
to  be  out  of  the  action  of  the  wind  or  other  disturbing  influence^. 
This  is  known  as  the  subsurface  method.  The  coefficient  for  reducin*.- 
the  velocities  taken  at  the  subsurface  has  been  found  bv  repeatk**! 
experiments  with  vertical  velocity -curves  to  be  from  .85  to  .V*5. 
depending  upon  the  depth  of  the  stream  and  velocity  and  channel 
conditions.  This  method  is  specially  adapted  for  flood  measure- 
ments,.or  when  the  velocity  is  so  great  that  the  meter  can  not  \ye  kept 
at  0.6  depth. 

The  three  principal  multiple-point  methods  in  geneml  use  are:  Thf 
vertical  velocity  curve;  top  and  bottom;  and  top,  bottom,  and  miM 
depth.  In  the  vertical  velocity-curve  method  a  series  of  velocity 
determinations  are  taken  in  the  vertical  at  regular  intervals,  usually 
from  0.5  to  1  foot  apart.  By  plotting  these  velocities  as  abscissas  and 
their  depths  as  ordinates,  and  drawing  a  smooth  curve  through  the?se 
points,  the  vertical  velocity -curve  is  produced,  which  shows  the 
change  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The 
mean  velocity  in  the  vertical  is  then  obtained  by  dividing  the  depth 
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into  the  area  bounded  by  this  mean  velocity  curve  and  the  initial  line. 
Owing  to  the  length  of  time  it  takes  to  make  tliede  measurements  they 
axe  Heldom  used  except  for  determining  coefficients  for  purposes  of 
comparison  and  for  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  i&held  from  0.5  to  1 
foot  below  the  surface  and  about  0.5  foot  above  the  bottom,  and  the 
mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  This  method  is  not  well  adapted  for  general  work, 
lis  the  roughness  of  the  bottom  disturbs  the  velocitj'^  at  that  point. 
For  shallow  streams  with  comparatively  smooth  beds  good  results  are 
obtained  by  this  method.  In  the  third  multiple  point  method  the 
meter  is  held  at  mid  depth,  0.5  foot  below  the  surface,  and  0.5  foot 
above  the  bottom,  and  the  mean  velocity  is  determined  by  dividing  the 
sum  of  the  top  velocity,  twice  the  mid-depth  velocity,  and  the  bottom 
velocity  by  4. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  surface.  The  number  of  revolutions  and  the  time  taken  in  the 
operation  is  noted,  and  the  mean  velocity  is  found  by  dividing  the 
number  of  revolutions  by  the  number  of  seconds  taken  in  the  run. 
This  method  has  the  advantage  in  that  the  velocity  at  each  point  of 
the  vertical  is  measured  twice.  It  is  well  adapted  for  measurements 
under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  for  determining  the  discharge  of 
the  stream,  depends  upon  the  stage  of  the  river,  which  is  taken  on  a 
gage,  and  the  general  contour  of  the  bed  of  the  stream,  which  is  found 
by  sounding.  The  soundings  are  usually  taken  at  each  measuring 
point  at  the  time  of  the  discharge  measurement,  either  by  using  the 
meter  and  cable  or  by  a  special  sounding  line  or  rod.  For  stations 
with  permanent  beds  standaixl  cross  sections  are  usually  taken  during 
low  water.  These  sections  serve  to  check  the  soundings  which  are  taken 
at  the  time  of  the  measurements,  and  from  them  any  change  which 
may  have  taken  place  in  the  bed  of  the  stream  can  be  detected.  The}^ 
are  also  used  for  obtaining  the  area  for  use  in  high-water  measurement 
computations,  as  accurate  soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  veloci- 
ties and  depths  at  the  various  points  of  measurements  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  fig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for 
either  a  single  or  double  strip.  The  total  discharge  and  area  are  the 
sums  of  those  for  the  various  strips,  and  the  mean  velocity  is  obtained 
by  dividing  the  total  discharge  by  the  total  area. 

The  volume  of  water  flowing  in  a  stream  is  known  as  run-oflF.  In 
expressing  it  various  units  are  used,  depending  upon  the  kind  of  work 
for  which  the  data  are  needed.     Those  used  in  this  report  are  "  second- 
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feet,"  "acre-feet,"  *' run-off  per  square  mile,"  and  '*  run-off  in  depth 
in  inches,"  and  may  be  defined  as  follows: 

'* Second-foot"  is  an  abbreviation  for  cubic  foot  per  second^  and  i* 
the  body  of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  & 
Mite  of  1  foot  per  Second. 

The ' '  acre-foot "  is  the  unit  of  capacity  used  in  connection  with  storage 
for  irrigation  work,  and  is  equivalent  to  43,560  cubic  feet.  It  is  the 
quantity  required  to  cover  an  acre  to  a  depth  of  1  foot.  Tli«ie  is  a 
convenient  relation  between  the  second-foot  and  the  acre-foot;  1 
second-foot  flowing  for  twenty-four  hours  will  deliver  86,4(K>  cubic 
feet,  which  equals  1.9835  acre-feet,  or,  approximately,  2  acre-feet. 

The  expression  "second-feet  per  square  mile"  means  the  average 
number  of  cubic  feet  of  water  flowing  each  second  from  ever3'^  squan^ 
mile  of  drainage  area  on  the  assumption  that  the  run-off  is  unifonnlv 
distributed. 

"Depth  in  inches"  means  the  depth  of  water  in  inches  that  would 
have  covered  the  drainage'area,  uniformly  distributed,  if  all  the  water 
could  have  accumulated  on  the  surface.  This  quantity  is  used  for 
comparing  run-off  with  rainfall,  which  quantity  is  usually  given  in 
depth  in  inches. 

It  should  be  noticed  that  "acre-feet"  and  "depth  in  inches''  repn- 
sent  the  actual  quantities  of  water  which  are  produced  during  thr 
periods  in  question,  while  "second-feet,"  on  the  contrary-,  is  merelv 
a  mte  of  flow  per  second. 

The  base  data  for  computing  the  daily  discharge  of  a  stream  are  the 
daily  gage  heights,  and  the  various  discharge  measurements  of  which 
there  should  be  sufficient  number  to  cover  the  range  of  stage.  The 
fundamental  laws  upon  which  these  computations  are  based  are  tb* 
following : 

(1)  The  discharge  will  remain  constant  so  long  as  the  conditions  at 
or  near  the  gaging  station  remain  constant; 

(2)  Neglecting  the  change  of  slope  due  to  the  rise  and  fall  of  tb^ 
stream,  the  discharge  will  be  the  same  whenever  the  stream  is  at  a 
given  stage;  and 

(3)  The  discharge  is  both  a  function  of,  and  increases  gradually  with, 
the  gage  heights.     (2  and  3  depend  on  1). 

As  the  beds  of  many  streams  are  changeable^  the  problem  divide 
itself  into  two  classes:  (1)  Those  of  streams  with  permanent,  or  prar- 
tically  permanent,  beds,  and  (2)  those  of  streams  with  changeable  lx*«l>. 
The  base  data  and  methods  of  obtaining  them  are  the  same  for  eithtT 
class,  and  it  is  onl}"^  in  the  computation  of  the  mean  daih^  flow  that 
different  methods  are  necessary. 

In  determining  the  daily  discharge  of  streams  with  permanent  beds 
the  results  of  the  discharge  measurements  are  plotted  on  cross-section 
paper,  with  gage  heights  as  ordinates  and  discharges  as  abscissas^. 
Through  these  points  a  smooth  curve  is  drawn,  which  shows  the  dis- 
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charge  for  any  gage  height,  and  from  which  a  rating  table  is  prepared. 
Aside  from  plotting  the  discharge,  the  mean  velocity  and  area  deter- 
mined for  each  discharge  measurement  are  plotted.  Through  these 
points  the  curves  of  mean  velocity  and  of  area  are  di*awn,  and  the 
rating  curve  is  largely  determined  by  taking  the  product  of  the  mean 
velocity  and  the  area  at  various  stages  as  determined  by  these  curves. 
These  curves  of  mean  velocity  and  area  are  of  special  value  to  determine 
the  location  of  the  rating  curve  for  stages  at  which  actual  discharge 
measurements  are  not  available  and  for  extending  the  discharge  curve 
outside  the  1  imits  of  the  measurements.  In  the  preparation  of  the  rating 
table  the  discharge  for  each  tenth  or  half  tenth  on  the  gage  is  found 
from  the  curve.  The  first  and  second  diflferences  of  these  discharges 
are  then  taken  and  adjusted  according  to  the  law  that  they  shall  either 
be  constant  or  increasing,  never  decreasing.  The  discharges  in  the 
table  are  then  changed  in  accordance  with  these  adjusted  differences. 
In  making  up  the  station-rating  curve  the  individual  discharge  meas- 
urements and  the  conditions  under  which  they  were  taken  are  carefully 
studied,  in  order  that  proper  weight  shall  be  given  to  each  measure- 
ment. Rating  curves  in  general  take  the  form  of  a  parabola,  and  as  a 
rule  the  high-water  portion  of  the  curve  approaches  a  straight  line. 
For  stations  of  permanent  character  the  results  of  the  measurements 
from  year  to  year  should  be  within  5  per  cent  of  the  curve,  with  the 
exception  of  those  taken  during  high  water,  when  the  probable  error 
may  be  as  high  as  10  per  cent. 

The  determination  of  the  daily  discharge  of  streams  with  change- 
able beds  is  difficult,  and  unless  frequent  discharge  measurements 
are  made  the  results  obtained  are  only  roughly  approximate.  For 
streams  with  continually  shifting  beds,  such  as  Colorado  River  and  the 
Rio  Grande,  discharge  measurements  are  made  every  two  or  three 
da3's,  and  the  discharges  for  the  intervening  days  are  obtained  by 
interpolation,  modified  by  the  gage  heights  for  these  days.  For  sta- 
tions with  beds  which  shift  slowly,  or  are  only  materially  changed 
during  floods,  station-rating  curves  and  tables  can  be  prepared  for  the 
periods  between  changes,  and  satisfactory  results  can  be  obtained  with 
two  or  three  measurements  a  month,  providing  measurements  are 
taken  soon  after  the  changes  take  place.     > 

In  determining  the  flow  for  periods  when  the  streams  are  frozen, 
special  rating  curves  and  tables  have  to  be  prepared  from  measure- 
ments taken  under  these  conditions.  The  methods  of  constructing 
these  curves  and  tables  are  the  same  as  for  open  sections.  The  dis- 
charge measurements,  however,  are  either  taken  by  integration  in 
verticals  or  by  the  vertical  velocity-curve  method,  as  sufficient  experi- 
ments have  not  been  made  on  ice-covered  streams  to  determine  the 
laws  which  govern  the  position  of  the  thread  of  mean  velocity. 
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The  Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  1904,  of  which  this  is  Part  V,  is  published  in  a  series  of  twelve 
Water-Supply  Papers,  Nos.  124-135,  inclusive,  under  the  following 
subtitles: 

Part  I.  Atlantic  coast  of  New  England  drainage. 

Part  2.  Hudson,  Passaic,  Raritan,  and  Delaware  River  drainages. 

Part  3.  Susquehanna,  Patapsoo,  Potomac,  James,  Roanoke,  Cape  Fear,  and  Yadkin 
River  drainages. 

Part  4.  Santee,  Savannah,  Ogeeche^  Altamaha  rivers,  and  Eastern  Golf  of  Mexico 
drainage. 

Part  5.  Eastern  Mississippi  River  drainage. 

Part  6.  Great  Lakes  and  St.  Lawrence  River  drainage. 

Part  7.  Hudson  Bay,  Minnesota,  Wapsipinioon,  Iowa,  Des  Moines,  and  Misonii 
River  drainages. 

Part  8.  Platte,  Kansas,  Meremac,  Arkansas,  and  Red  River  drainages. 

Part  9.  Western  Gulf  of  Mexico  drainage. 

Part  10.  Colorado  River  and  Great  Basin  drainage. 

Part  11.  The  Great  Basin  and  Pacific  Ocean  drainage  in  California. 

Part  12.  Columbia  River  and  Puget  Sound  drainage. 

The  territory  covered  by  each  paper  is  given  in  the  subtitle^,  and 
the  larger  drainages  are,  for  convenience  in  arrangement,  .subdivided 
into  smaller  ones,  under  which  the  data  are  arranged,  as  far  as  prac- 
ticable, geographically. 

These  papers  contain  the  data  that  have  been  collected  at  the  re^ukr 
gaging  stations,  the  results  of  the  computations  based  upon  the  obser- 
vations and  such  other  information  that  has  been  collected  that  ha^s  i 
direct  bearing  on  these  data  including,  as  far  as  practicable,  descrip- 
tions of  the  dminage  areas  and  the  streams  draining  them. 

For  each  regular  station  are  given,  as  far  as  available,  the  following 
data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements, 

3.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  estimated  monthly  and  yearly  discharges  and  run-off. 
The  descriptions  of  stations  give,  as  far  as  possible,  such  general 

facts  about  the  locality  and  equipment  as  would  enable  the  reader  to 
find  the  station  and  use  the  same.  They  also  give,  as  far  as  possible, 
a  complete  histoiy  of  all  the  changes  that  have  occurred  since  the 
establishment  of  the  station  that  would  be  factors  in  using-  the  data 
collected. 

The  discharge-measurement  table  gives  the  results  of  the  dischargp 
measurements  made  during  the  year.  This  includes  the  date,  the 
hydrographer's  name,  the  gage  height,  and  the  discharge  in  second- 
feet. 

The  table  of  daily  gage  heights  gives  for  each  day  the  mean  height 
of  the  surface  of  the  river  as  found  from  the  mean  of  the  gage  read- 
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ings  taken  on  that  day.  At  most  of  the  stations  the  gage  is  read  in 
the  morning  and  in  the  evening. 

The  rating  table  gives  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights. 

In  the  table  of  estimated  run-oflf  the  column  headed  "  Maximum  " 
gives  the  mean  flow  for  the  day  when  the  mean  gage  height  was  the 
highest,  and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean  gage 
height.  As  the  gage  height  is  the  mean  for  the  da}',  there  might  have 
been  short  periods  when  the  water  was  higher  and  the  corresponding 
discharge  larger  than  given  in  this  column.  Likewise  in  the  column 
of  '* Minimum"  the  quantity  given  is  the  mean  flow  for  the  day  when 
the  mean  gage  height  was  lowest.  The  column  headed  "  Mean"  gives 
the  average  flow  for  each  second  during  the  month.  Upon  this  mean 
the  computations  for  the  three  remaining  columns  which  are  defined 
on  page  12  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  gen- 
ei'al  and  special  rules  have  been  used: 

Fundamental  rules  for  computation. 

1.  The  highest  degree  of  precision  consistent  with  the  rational  use  of  time  and 
money  is  imperative. 

2.  All  item?  of  computation  should  in  general  be  expressed  by  at  least  two  and  by 
not  more  than  four  significant  figures. 

3.  Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  discharge  curve  whose 
per  cent  of  error  is  5  times  the  average  per  cent  error  of  all  the  other  measurements 
should  be  rejected. 

4.  In  reducing  the  number  of  significant  figures,  or  the  number  of  decimal  places, 
by  dropping  the  last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without 
changing  the  preceding  figure.     Example:  1,827.4  becomes  1,827. 

(b)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  5,  drop  it  and 
increase  the  preceSing  figure  by  1.     Example:  1,827.6  becomes  1,828. 

(c)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  even 
figure,  drop  the  5.     Example:  1,828.5  becomes  1,828. 

(d)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  odd 
figure,  drop  the  5  and  increase  the  preceding  figure  by  1.  Example:  1,827.5  becomes 
1,828. 

5.  In  constructing  and  applyitig  rating  tables  a  maximum  limit  of  one-half  per  cent 
error  should  seldom  be  exceeded. 

Special  rules  for  computation. 

1.  Rating  tables  are  to  be  constructed  as  close  as  the  data  upon  which  they  are 
based  will  warrant.  No  decimals  are  to  be  used  when  the  discharge  is  over  50 
second-feet. 

2.  Daily  discharges  shall  be  applied  directly  to  the  gage  heights  as  they  are 
tabulated. 

3.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  when  the  quantities 
are  below  100  second-feet.  Between  100  and  10,000  second-feet,  the  last  figure  in  the 
monthly  mean  shall  be  a  significant  figure.    This  also  applies  to  the  yearly  mean, 
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4.  Second-feet  per  square  mile  and  depth  in  inches  for  the  individual  xnonthi^  i^iiaU 
be  carried  oat  at  least  to  three  significant  figures,  except  in  the  case  of  deriuuik 
where  the  first  significant  figure  is  preceded  by  one  or  more  naughts  (0),  when  il^ 
quantity  shall  be  carried  out  to  two  significant  figures.  Example:  1.25;  .12o:  .iM2: 
.0012.  The  yearly  means  for  these  quantities  are  always  to  be  expre^e<i  in  thrt-* 
significant  figures  and  at  least  two  decimal  places. 

The  results  of  the  stream  measurements  made  during  previous  year^. 
by  the  United  States  Geological  Survey  can  be  found  in  the  followintr 
Survey  publications.  A  detailed  index  of  these  reports  is  given  in 
Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  J?art  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Rejwrt,  Part  II. 

1895.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Plart  IV. 

1897.  Water-Supply   Papers   Nos.    15  and   16;    Nineteenth   Annual   Rej:->n 

Part  IV. 

1898.  Water-Supply  Papers  Nos.   27  and    28;    Twentieth   Annual    Ref->rt 

Part  IV. 

1899.  Water-Supply  Papers  Nos.  36  to  39,  inclusive;    Twenty-first  Anm: . 

Report,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty-second  Annn^ 

Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  75. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  66  and  75. 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  84  and  83. 

1903.  lOast  of  Mississippi  River,  Water-Supply  Papers  Nos.  97  and  98. 
West  of  Mississippi  River,  AVater-Supply  Papers  Nos.  99  and  100. 

1904.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  124  to  129,  int'.a- 

sive. 
West  of  Mississippi  River,  Water  Supply  Papers  Nos.  130  tx>  1.35,  in*  k- 
sive. 

A  limited  number  of  theye  are  for  free  distribution,  and  as  long  as 
the  supply  lasts  they  may  be  obtained  by  application  to  the  Direi'lor 
United  States  Geological  Survey  or  to  members  of  Congi-ess.  Other 
copies  are  filed  with  the  Superintendent  of  Public  Documents,  Wash- 
ington, D.  C,  from  whom  they  may  be  had  at  little  above  cosi. 
Copies  of  Government  publications  are,  as  a  rule,  furnished  to  the 
public  libraries  in  our  large  cities,  where  they  may  be  consult<?d  hv 
those  interested. 
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COOPERATION  AND  ACKNOWI.EBGMENT8. 

Most  of  the  measurements  presented  in  this  paper  have  been  obtained 
through  local  hydrographers.  Acknowledgment  is  extended  to  other 
persons  and  corporations  who  have  assisted  local  hydrographers  or 
have  cooperated  in  any  way,  either  by  furnishing  records  of  the  height 
of  water  or  by  assisting  in  transportation. 

The  following  list,  arranged  alphabetically  by  States,  gives  the 
names  of  the  resident  hydrographers  and  others  who  have  assisted  in 
furnishing  and  preparing  the  data  contained  in  this  report: 

Alabama. — District  hydrographer,  M.  R.  Hall, ^  assisted  by  J.  M.  Giles,  W.  E.  Hall, 
and  B.  S.  Drane. 

Illinois. — District  hydrographer,  E.  Johnson,  jr.,*  assisted  by  E.  H.  Heilbron, 
assistant  engineer,  sanitary  district  of  Chicago.  Acknowledgment  is  due  to  the  Ster- 
ling Manufacturing  Company  for  the  establishment  of  two  chain  gages  on  the  Avenue 
G  bridge,  Sterling,  111. 

Indiana, — District  hydrographer,  E.  Johnson,*  jr.,  assisted  by  F.  W.  Hanna,  assist- 
ant engineer.  Acknowledgment  should  also  be  made  to  Joseph  M.  Steiner  and  O.  H. 
Griest,  who  have  assisted  the  Survey  in  establishing  stations  and  supplying  voluntary 
readings  at  Cataract  and  Shoals,  Ind. 

Maryland. — Resident  hydrographer,  E.  G.  Paul,  during  the  first  half  and  N.  C. 
(irover*?  during  the  last  half  of  the  year,  assisted  by  H.  D.  Comstock.  Acknowledg- 
ment is  due  to  the  State  Geological  Survey  for  cooperation  in  the  work  to  the  extent 
of  paying  the  observers. 

Minnesota. — District  hydrographer,  E.  Johnson,  jr.,  assisted  by  E.  F.  Chandler, 
assistant  engineer.  University,  N.  Dak. 

Mississippi. — District  hydrographer,  M.  R.  Hall,  assisted  by  J.  M.  Giles,  B.  S.  Drane, 
and  W.  E.  Hall. 

New  York. — District  hydrographer,  R.  E.  Horton,*'  assisted  by  C.  C.  Covert. 
Special  acknowledgment  is  made  of  the  interest  and  assistance  of  Hon.  Edward  A. 
Bond,  State  engineer,  and  William  Pierson  Judson,  deputy  State  engineer. 

North  Carolina. — District  hydrographer,  M.  R.  Hall,  assisted  by  J.  M.  Giles,  B.  S. 
Drane,  and  O.  P.  Hall.  Dr.  C.  A.  Schenck,  director  of  the  Biltmore  School  of 
Forestry,  paid  the  gage  readers  at  Davidsons  River,  Sitton,  and  Pinkbed. 

Ohio. — District  hydrographer,  E.  Johnson,  jr.,  assisted  by  R.  W.  Pratt,  engineer 
of  the  State  board  of  health.  Acknowledgment  should  also  be  made  to  the  Baltimore 
and  Ohio  Railroad  for  passes  issued  to  E.  Johnson,  jr.,  and  R.  W.  Pratt. 

Pennsylvania. — Resident  hydrographer,  E.  G.  Paul  during  the  first  half  and  N.  C. 
G rover  during  the  last  half  of  the  year,  assisted  by  R.  J.  Taylor  and  H.  D.  Comstock. 

TenneMee. — District  hydrographer,  M.  R.  Hall,  assisted  by  J.  M.  Giles,  B.  S.  Drane, 
and  O.  P.  Hall.  Gage  heights  for  stations  at  Nashville,  Chattanooga,  Knoxville, 
Rogersville,  and  part  of  the  year  at  Bluff  City,  were  furnished  by  United  States 
Weather  Bureau  officials  H.  C.  Bate,  L.  M.  Pindell,  and  Levi  A.  Judkins. 

West  Virginia. — Resident  hydrographer,  E.  G.  Paul  in  the  first  half  and  N.  C. 
Grover  in  the  last  half  of  the  year. 

Wisconsin. — District  hydrographer,  E.  Johnson,  jr. 

a  The  office  of  the  district  hydrographer  for  South  Atlantic  States  and  Eastern  Gulf  of  Mexico,  409 
Temple  Ck>urt,  Atlanta,  Oa. 

&The  ofRce  of  the  district  hydrographer  for  Mississippi  Valley,  876-7  Federal  Building, Chicago,  111. 

cThe  office  of  the  resident  hydrographer  for  North  Atlantic  States,  United  States  Geological  Sur- 
vey, Washington.  D.  C. 

dThe  office  of  the  district  hydrographer  for  New  York  and  Michigan,  75  Arcade,  Utica,  N.  Y. 
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»a88IS8IPPI  RIVER  DRAINAGE  BA8I:N. 

MISSISSIPPI   RIVEH   NEAR  SAUK    RAPIDS,  MINN. 

This  station  was  established  by  W.  R.  Hoag  April  28,  1903.  It  \> 
located  about  li  miles  south  of  Watab  station,  on  the  Northern  Pacitir 
Railroad,  and  about  5  miles  north  of  Sauk  Rapids,  7  miles  north  of  St. 
Cloud.  The  gage  is  a  vertical  timber  fastened  to  a  post  driven  int«) 
the  bed  on  the  left  side  of  the  river.  It  is  read  daily  by  Fi-ank  McCrea. 
Discharge  measurements  are  made  from  a  boat  running  on  a  1*5 -inch 
cable,  which  is  securelv  fastened  to  trees  on  each  side  of  the  riv^-r. 
The  point  to  which  the  soundings  are  referred  is  a  nail  head  in  th* 
root  of  a  tree  on  the  left  bank,  to  which  the  cable  is  fastened.  The 
channel  is  straight  for  4,000  feet  above  the  station  and  for  60i»  fr-<  t 
below.  Both  banks  are  high  and  not  subject  to  overflow.  The  btd 
consists  of  sand  and  gravel,  and  is  somewhat  shifting.  There  is  but 
one  channel  at  all  stages.  The  channel  has  a  width  of  about  6:25  f»vt 
at  low  water  and  about  700  feet  at  high  stages. 

Bench  mark  No.  1  is  the  top  of  a  large  pointed  rock  150  f<^ 
upstream  from  the  gage  and  10  feet  from  the  water's  edge.  Its  ele- 
vation above  the  zero  of  the  gage  is  18.58  feet.  Bench  mark  No.  2  :- 
a  f-inch  iron  stake,  driven  on  the  left  shore  between  the  cable  and 
bench  mark  No.  1.  Its  elevation  is  14.22  feet  above  the  zero  of  th  • 
gage.  Bench  mark  No.  3  is  on  the  root  of  a  small  tree  on  the  left  hank 
just  below  the  cable.  Its  elevation  is  18.29  feet  above  the  zero  of 
the  gage.  A  short  distance  above  the  old  gage  is  a  large  rock  with  a 
vertical  face  at  an  elevation  of  14.45  feet  above  the  zero  of  the  ga^e. 
Observations  of  the  river  height  can  be  made  by  determining  distance^ 
from  the  top  of  this  rock  to  the  water  surface. 

The  drainage  area  at  this  station  is  12,340  square  miles. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 
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Discharge  measurements  of  Mississippi  River  near  Sauk  Rapids^  Minn. ,  in  1904. 


Date. 


January  5« 

April  20 

July  1 

July  25 

August  226 

September  8&  . 
October  15 


Hydrographer. 


£.  Johnson,  jr. 
E.  F.  Chandler 

do 

R.  Richards  ... 

do 

do 

E.  F.  Chandler 


Width. 

515 
585 
577 
557 
572 
561 
578 


Area  of 
section. 


Mean 
velocity. 


Sq./eet.   ;   Ft.  per  sec. 


Gage 
height. 


Dis- 
charge. 


2,201 

0.94 

4,171 

2.94 

3,790 

2.12 

2,678 

1.77 

3,404 

1.28 

2,858 

1.68 

3,815 

2.45 

Feet. 

See.-/eet. 

10.20 

2,473 

14.26 

12,250 

13.31 

8,019 

11.38 

4,745 

12.76 

4,344 

11.77 

4,802 

13.75 

9,348 

a  Frozen  over. 


b  Log  jam  below  station. 


Mean  daily  gage  heightf  in  feet,  of  Mississippi  River  near  Sauk  Rapids^  Minn.,  for  1904, 


1>9,Y. 

Jan.a 

Feb.a 

Mar.a 

Apr,  6 

May. 

14.50 
14.80 
14.40 
14.30 
14.25 
14.26 
14.25 
14.80 
14.40 
14.50 
14.60 
14.60 
14.50 
14.45 
14.45 
14.30 
14.80 
14.20 
14.00 
13.80 
18.75 
13.70 
13.50 
13.60 
13.65 
13.50 
13.40 
18.35 
13. '25 
13. 15 
13.25 

1 

June. 

July. 

18.80 
13.25 
12.90 
12.75 
12.60 
12.60 
12.85 
12.85 
12.80 
12.66 
12.45 
12.80 
12.50 
12.45 
12.60 
12.60 
12.35 
12.50 
12.66 
12.75 
12.70 
12.50 
11.80 
11.40 
11.30 
11.30 
11.50 
11.30 
11.25 
11.20 
11.15 

Aug. 

Sept. 

Oct. 

Nov. 

Dec.« 

1 

11.60 
11.70 
11.80 
11.80 
rfll.60 
11.60 
11.60 
11.50 
11.50 
11.48 
11.48 
11.61 
11.61 
11.52 
11.61 
11.70 
11.70 
11.61 
11.61 
11.52 
11.52 
11.44 
11.86 
11.36 
11.36 
11.86 
11.28 
11.28 
11.20 
11.20 
11.20 

11.20 
11.20 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 
11.32 
11.32 
11.82 
11.82 
11.28 
11.28 
11.24 
11.20 
11.20 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 
11.28 

11.32 

11.36 

11.44 

11.52 

11.52 

11.58 

11.67 

11.61 

11.61 

11.61 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.78 

11.78 

11.78 

11.78 

11.78 

11.78 

11.90 

11.90- 

12.00 

12.20 

12.70 

14.00 
14.10 
14.60 
16.50 
16.90 
17.00 
17.00 
19.60 
17.10 
17.00 
15.90 
16.00 
14.70 
14.50 
14.40 
14.40 
14.85 
14.35 
14.35 
14.25 
14. 15 
14.  a5 
14.30 
14.55 
14.60 
14.70 
14.90 
14.80 
14.80 
14.70 

13.85 

18.40 

13.60 

14.00 

14.50 

14.65 

14.76 

14.60 

14.45 

14.85 

14.25 

14.10 

13.95 

18.80 

18.65 

13.45 

13.20 

13.10 

12.90 

12.60 

12.65 

12.40 

12.30 

12. 15 

12.45 

12.75, 

12,80 

12.35 

12.85 

13.20 

11.00 
11.05 
11.35 
11.20 
11.05 
11.00 
10.95 
11.  CO 
11.05 
11.60 
11.70 
11.76 
11.75 
11.66 
11.60 
11,40 
11.80 
11.85 
11.76 
12.60 
12.65 
12.80 
12.45 
12.45 
12.60 
12.80 
12.75 
12.50 
12.40 
12.46 
12.80 

12.85 
12.90 
12.90 
11.80 
11.85 
11.40 
11.80 
11.76 
11.70 
11.65 
11.45 
11.40 
11.80 
11.40 
11.60 
11.40 
11.80 
11.80 
11.26 
11.20 
11.40 
11.50 
11.60 
11.65 
11.80 
11.75 
11. 75 
12.10 
12.20 
12.20 

12.20 
12.20 
12.00 
12.00 
12.20 
12.20 
12.10 
12.15 
12.60 
18.60 
18.75 
18.85 
18.90 
18.90 
18.75 
18.76 
13.76 
18.75 
13.95 
14.00 
18.95 
13.90 
13.96 
14.06 
13.90 
13.80 
13.60 
13.50 
18.40 
13.80 
13.20 

13.00 
12.90 
12.80 
12.70 
12.60 
12.40 
12.20 
12.20 
12.85 
12.80 
12.30 
12.26 
12.20 
12.16 
11.90 
12.15 
12.05 
12.00 
11.90 
11.80 
11.70 
11.70 
11.70 
11.70 
11.65 
11.65 
11.50 
11.35 
11.10 
11.00 

11.70 

2 

3 

11.86 
11.86 

4 

11.76 

6 

11.70 

6 

11.76 

7 

11.86 

8 

11.96 

9 

11.60 

10 

11.60 

11 

11.60 

12 

11.40 

13 

11.35 

14 

11.25 

15 

11.15 

16 

11.10 

17 

11.05 

18 

11.00 

19 

10.85 

20 

10.90 

21 

10.90 

22 

10.90 

23 

10.90 

24 

10.90 

25 

10.80 

26.. 

10.90 

27 

11.00 

28 

11.10 

29 

11.16 

30 

11.20 

31 

11.80 

a  River  frozen  from  January  1  to  March  31, 1904.    Average  thioknesi  of  ice  about  9  inches. 

b  Ice  conditions  April  1  to  about  April  8.    April  6  and  7  ice  gorge. 

c  Frozen  December  1  to  81. 

d  On  January  6  from  surface  of  water  to  under  side  of  ice  was  1.8  feet. 


20  STREAM    MEASUREMENTS    IN    1904,  PART   V.  [w  ». 

CHIPPEWA  RIVER  DRAI:N^AGE  BASENT. 

Chippewa  River  rises  in  the  southeastern  part  of  Ashland  County, 
Wis.  It  flows  southwest,  emptying  into  the  Mississippi  near  Wabasha, 
Minn.  Its  principal  tributary  is  the  Flambeau,  which  enters  from 
the  east  in  Grates  County.  During  the  latter  part  of  1902  the  Cnitd 
States  Geological  Survey  began  systematic  measurements  in  this  and 
other  drainage  basins  of  Wisconsin. 

Gaging  stations  have  been  maintained  in  this  basin  on  the  Chippewa 
at  Eau  Claire,  and  on  the  Flambeau  at  Ladysmith,  Wis. 

CHIPPEWA   RIVER  NEAR  EAU   CLAIRE,    WIS. 

This  station  was  established  November  13, 1902,  by  L.  R.  Stockman. 
It  is  located  2  miles  below  Eau  Claire,  at  a  suburb  known  as  Shaw- 
town.  Discharge  measurements  are  made  from  a  two-span  highway 
bridge.  A  standard  chain  gage  is  fastened  to  the  downstream  side  of 
highway  bridge,  having  a  length  of  30.69  feet  from  the  end  of  the 
weight  to  the  marker.  The  gage  is  read  twice  each  day  by  Joseph  E. 
Kimpton.  The  channel  is  straight  above  and  below  the  station,  mi 
the  current  is  swift.  The  right  bank  is  protected  b}*^  a  high  masonn- 
wall.  The  left  bank  is  low,  but  the  water  is  confined  by  an  earthen 
embankment.  The  bed  is  composed  of  gravel,  with  a  few  rocks,  and 
is  permanent.  There  are  two  channels  at  all  stages.  The  ^dth  is  45*' 
feet  at  low  water  and  500  feet  at  flood  stages. 

Bench  mark  No.  1  is  a  nail  in  the  top  of  a  6-inch  white-oak  stump 
which  is  attached  to  a  tree  still  standing.  It  is  located  about  200  feet 
east  of  the  road  and  200  feet  south  of  the  river.  Its  elevation  is  2<X<^^ 
feet  above  the  zero  of  the  gage.  The  initial  point  for  soundings  is  a 
point  marked  by  two  nails  in  the  footway  at  the  idght  end  of  the 
bridge,  also  marked  0  in  white  paint. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 
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DU^harge  measurements  of  Chippewa  River  near  Eau  Claire,  Wis,,  in  1904' 


Date. 


Hydrographer. 


January  11 « . 

May  14 

May  24 

June? 

July  13 

August  28 

September  19 
October  12... 
October  13... 
November  29 


E.  Johnson,  jr 

do 

Johnson  and  Hanna 

£.  Johnson,  jr 

do 

do 

do 

F.  W.  Hanna 

do 

E.  Johnson,  jr 


Width. 


Feel, 
310 
385 
370 
426 
354 
322 
329 
495 
457 
324 


Area  of 
section. 


Sq.  Jeet. 
2,429 
4,272 
4,074 
5,815 
3,770 
2,766 
3,122 
7,118 
6,137 
2,847 


Mean 
velocity 


Feet  per  aec. 
0.99 
3.42 
3.10 
4.52 
2.10 

.82 
1.47 
5.43 
4.76 

.80 


Gage 
height. 


Feet. 
3.80 
8.40 
7.60 

11.25 
6.55 
4.20 
5.25 

14.80 

13.10 
4.44 


Difi- 
chaige. 


Second-fi, 

2,454 

14, 610 

12, 630 

26, 270 

7,918 

2,274 

4,581 

38,680 

29,200 

2,281 


o  Frozen. 
Mean  daUy  gage  height,  in  feet,  of  Chippewa  River  near  Eau  Claire,  Wis.,  for  1904» 


Day. 

1 
Jan.  a     Feb.a 

Mar.a 

Apr. 

May. 

June. 

July. 

8.10 
8.52 
8.28 
8.02 
10.32 
10.12 
9.63 
8.93 
7.22 
7.10 
7.20 
6.72 
6.60 
5.88 
5.07 
5.55 
5.35 
5.60 
5.50 
5.10 
5.47 
5.05 
4.75 
3.93 
4.07 
4.90 
4.80 
5.00 
4.88 
6.45 
5.00 

Aug. 

Sept. 

Oct. 

Nov. 

Dec* 

1 

«-4.90 
C5.15 

6.25 
6.72 
6.50 
6.52 
6.60 
7.17 
7.60 
9.10 
9.67 
9.72 
9.70 
9.32 
9.05 
8.82 
8.50 
7.65 
7.25 
7.60 
8.38 
8.20 
8.13 
7.45 
8.05 
8.50 
9.65 
10.63 
10.45 
9.18 
9.65 
9.03 

9.00 

8.65 

8.63 

8.28 

8.10 

8.03 

10. 13 

8.50 

8.83 

9.85 

9.25 

8.85 

8.78 

10.20 

8.00 

8.20 

7.65 

7.22 

7.55 

6.93 

10.30 

6.30 

6.83 

7.33 

9.20 

12.00 

13.48 

13.63 

12.02 

10.67 

9.20 

8.45 
7.65 
7.65 
8.85 
9.00 
10.95 
11.30 
10.85 
9.&5 
8.92 
7.95 
7.80 
7.80 
7.45 
7.80 
8.35 
6.25 
5.50 
5.10 
6.20 
6.60 
5.90 
5.80 
5.50 
8.95 
5.55 
7.75 
7.60 
7.75 
7.60 

4.42 
4.80 
4.38 
4.78 
4.32 
4.12 
3.45 
4.62 
5.10 
6.42 
5.85 
4.38 
4.12 
3.50 
3.80 
4.55 
4.82 
4.66 
4.78 
7.20 
5.25 
4.75 
4.68 
4.60 
5.00 
5.40 
8.15 
3.58 
5. 55 
4.92 
4.52 

4.58 
5.05 
8.18 
7.52 
8.30 
7.80 
7.52 
7.12 
6.72 
7.95 
6.03 
6.28 
5.42 
5.a5 
5.38 
5.42 
7.10 
4.80 
4.89 
4.27 
4.30 
4.35 
6.10 
4.24 
5.76 
8.18 
7.61 
6.98 
9.81 
6.65 

6.31 
5.24 
8,27 
5.65 
5.30 
5.27 
4.82 
9.12 
7.86 
13.36 
15. 07 
14.93 
13.15 
11.38 
10.30 
9.17 
8.10 
8.00 
7.08 
6.85 
8.35 
9.25 
9.42 
9.00 
8.78 
7.81 
8.02 
7.22 
7.55 
7.30 
6.85 

6.79 
6.84 
6.80 
6.61 
5.91 
6.41 
6.08 
5.35 
6.36 
6.60 
6.36 
5.02 
6.27 
4.82 
6.26 
6.42 
5.30 
6.47 
6.20 
4.98 
6.28 
5.23 
6.74 
4.77 
4.94 
6.10 
4.85 
4.55 
4.54 
4.46 

3.98 

2 

3.92 

8 

3.93 

4 

C5.00 

3.46 

5 

<f4.80 

4.42 

6 

e4.80 

4.28 

7 

4.26 

8 

4.28 

9 

C4.80 

4.37 

10 

4.86 

11 

1 

4.20 

12 

*4.95 

4.34 

13 

d5.00 

4.39 

14 

4.20 

15 

4.34 

16 

C5.00 

4.32 

17 

4.16 

18 

4.19 

19 

<f5.10 

4.45 
4.07 
4.45 

4.53 

20 

4.29 

21 

4.34 

22 

4.87 
4.32 

4.37 

23 

<?5.00 

4.55 

24 

5.62 
5.95 
6.45 
6.10 
5.72 
5.05 
5.10 
5.32 

'  4.38 

25 

3.31 

26 

4.19 

27 

d5.30 

4.56 

28 

29 

«?4.70 

30 

31 ! 

1 

a  River  frozen  over  January  1  to  March  18,  1904,  but  open  about  200  to  300  feet  above  and  one-fourth 
mile  below  bridge. 
b  Frozen  December  28  to  31. 

olce  2.0  feet  thick  at  gage;  1.0  foot  in  middle  of  channel, 
dice  2.6  feet  thick  at  gage;  2.5  feet  in  middle  of  channel. 
« Ice  2.0  feet  thick  at  gage;  2.0  feet  in  middle  of  channel. 
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Rating  table  for  Chippewa  River  near  Eau  Claire,  Wi».,  from  January  1  to  December 

31,  1904. 


Gage 
hei^t. 

1 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

i 

DiscliAige.* 

J^et. 

Second-feet. 

/M. 

Second-feet. 

fiset. 

Senmd'fed. 

Feet. 

SeeondfrfL 

3.7 

1,240 

4.8 

3,590 

5.9 

-    6,610 

8.0 

13,290     ' 

3.8 

1,410 

4.9 

3,850 

6.0 

6,900 

8.5 

14,  ^iO 

3.9 

1,590 

5.0 

4,120 

6.2 

7,490 

9.0 

16,680 

4.0 

1,780 

5.1 

4,390 

6.4 

8,100 

9.5 

18,380 

4.1 

1,980 

5.2 

4,660 

6.6 

8,720 

10.0 

20,080 

4.2 

2,180 

5.3 

4,930 

6.8 

9,350 

10.5 

21, 780 

4.3 

2,390 

5.4 

,      5,200 

7.0 

9,990 

11.0 

23,480 

4.4 

2,610 

5.5 

5,480 

7.2 

10,650 

11.5 

25, 210 

4.5 

2,840 

5.6 

5,760 

7.4 

11, 310 

12.0 

26,960 

4.6 

3,080 

5.7 

6,040 

7.6 

11,970 

13.0 

30,500 

4.7 

3,330 

5.8 

6,320 

7.8 

12, 630 

14.0 

34,480 

The  above  table  ia  applicable  only  for  open-chanDel  conditions.  It  is  based  upon 
23  discharge  measurements  made  during  1902  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  4.20  feet  and  14.80  feet. 

EstimaUd  monthly  discharge  of  Chvppeuxi  River  near  Eau  Claire,  Wix.,  for  1904, 

[Drainage  area,  6,740  square  miles.] 


Month. 


March  19-31 . . 

April 

May 

June 

July 

August 

September 

October 

November 

December  1-27 


Discharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

8,255 

1,920 

4,622 

0.686 

0.332 

22,220 

7,640 

14,550 

2.16 

2.41 

32,900 

7,790 

16,960 

2.52 

2.90 

24, 510 

4,390 

12,600 

1.87 

2.09 

21, 170 

1,647 

8,525 

1.26 

1.4,5 

13,790 

650 

3,778 

.561 

.647 

19,430 

2,264 

7,801 

1.16 

'       1.29 

40,400 

3,642 

15,170 

2.25 

2.59 

9,478 

2,748 

5,576 

.827 

.923 

2,960 

380 

2,230 

.331 

.,%*« 

FIxAMBEAU   RIVER   NEAR  LADY8MITH,  WIS. 

This  station  was  established  February  13,  1903,  by  L.  R.  Stockman- 
It  is  located  three-fourths  mile  south  of  the  Minneapolis,  St.  Paul  and 
Sault  Ste.  Marie  Railroad  station,  three-fourths  mile  south  of  Ladv- 
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smith  and  one-half  mile  below  the  dam  of  the  Menasha  Pulp  Com- 
pany. Discharge  measurements  are  made  from  a  three-span  highway 
bridge.  A  standard  chain  gage  is  fastened  to  the  upstream  side  of  the 
right  span.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  marker  is  25.40  feet.  The  gage  is  read  twice  each  day  by  Leon- 
ard McCandless.  The  initial  point  for  soundings  is  a  point  marked 
b\^  two  nails  and  a  straight  white  line  at  the  right  end  of  the  bridge. 
The  channel  is  straight  for  about  500  feet  above  and  below  the  sta- 
tion. The  right  bank  is  low,  but  the  oveiilow  passes  beneath  the 
bridge.  The  left  bank  is  high  and  covered  with  trees.  The  gaging 
section  is  broad  and  shallow,  with  a  bed  of  small  bowlders,  gravel, 
and  sand,  and  is  not  liable  to  shift.  The  stream  is  divided  into  three 
channels  by  the  bridge  piers.  The  channels  are  somewhat  obstructed 
by  log  jams  during  the  rafting  season.  The  bench  mark  is  a  cut  on  a 
rivet  head  on  the  post  to  which  the  pulley  of  the  chain  gage  is  attached. 
When  the  gage  reads  zero  this  mark  is  36.28  feet  above  the  water 
surface.  An  arrow  cut  on  the  iron  guard  rail  is  exactly  opposite  the 
10-foot  mark  of  the  scale  of  the  chain  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Di.8charge  mecLiureinerUx  of  Flambeau  River  near  Lad  if  smithy  Wis.j  for  190S  and  1904' 


Date. 


Hydrog^rapher. 


1903. 
February  13«..    L.  R.  Stockman... 

March  19  * do 

April  8 1 do 

May  6 do 

June  16. 
July  11 
August  21 
September  10 


October  23... 

1904. 

Mavl6 

June  3 

August  29 

Septeml)er  20 
October  12... 


L.  R.  St;Ockman 


E.  Johnson,  jr 
do 

...Ido 

do 

F.  W.  Hanna . 


width. 

1 
Area  of 
section. 

Mean  veloc- 
ity. 

Ga^e 
height. 

Dis- 
charge. 

Feti. 

f^.feet. 

Ft.  PC  «<■<". 

Feet. 

Sec.  feet. 

325 

472 

1.64 

16.20 

11% 

366 

1,871 

1.77 

18.95 

3,312 

349 

1,330 

2.80 

17.40 

3,727 

361 

1,927 

3.70 

18.97 

7,113 

342 

703 

1.91 

16.00 

1,345 

342 

1,430 

2.95 

18.10 

4,222 

342 

995 

2.69 

16.85 

2,681 

364 

1,579 

3.36 

18.  a5 

5, 303 

348 

1,271 

3.07 

17.21 

3,899 

350 

1,333 

.  3. 15 

17.88 

4,203 

350 

1,448 

2.99 

17.45 

4,  321 

349 

733 

2.07 

16.06 

1,517 

343 

702 

2.21 

16.01 

1,554 

364 

1,653 

3.37 

18. 58 

5,588 

a  Frozen. 


<>  Log  jam  below. 
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Mean  daily  gage  height^  in  feet,  of  Flambeau  River  near  Ladygmithy  Wis,,  far  1904, 


Day. 


Jan.a 


1 16.75 

2 16.95 

3 16.75 

4 16.86 

5 17.00 

6 16.50 

7 16.50 

8 16.65 

9 16.65 

10 16.70 

11 16.60 

12 16.55 

13 16.50 

H 16.70 

16 16.70 

16 16.75 

17 16.60 

18 16.60 

19 16.65 

20 16.30 

21 16.75 

22 16.76 

23 16.75 

24 16.65 

25 16.70 

26 16.70 

27 16.45 

28 1  16.66 

29 1  16.60 

30 1  16.76 

31 ;  16.65 


Feb.a 


M4r.a  I  Apr.b  I  May. 


16.75 
16.75 
16.10 
16.80 
16.90 
16.70 
16.80 
16.76 
16.75 
16.65 
16.70 
16.96 
17.00 
16.70 
16.90 
16.95 
16.55 
17.10 
16.95 
16.95 
17.55 
16.90 
17.00 
16.60 
17.00 
16.90 
17.00 
16.95 
16.95 


17.00  ' 

17.05 

17.00 

17.05 

17.15 

16.95 

16.90 

17.16 

16.90 

17.60 

17.40 

17.06 

17.30 

17.20 

17.20 

17.00 

17. 15 

17.20 

17. 15 

17.05 

17.05 

17. 15 

16.85 

17. 15 
16.95 
16.96 
16.95 

17. 16 
17.06 
16.45 
17.20 


16.90 
17.20 
16.80 
16.90 
16.85 
16.80 
17.10 
17.25 
17.06 
17.00 
17. 10 
17.10 
17. 15 
17.06 
17. 25 
17.20 
17.10 
17,05 
17.00 
16.86 
16.85 
16.66 
17.20 
17.20 
18.00 
18.40 
18.45 
18.50 
18.60 
18.90 


18.70 
18.55 
18.60 
18.35 
18.46 
18.60 
18.60 
18.86 
19.20 
19. 16 
18.90 
18.80 
18.35 
18.16 
18.01 
17.96 
18.01 
18.01 
18.03 
17.06 
17.03 
17.01 
17.04 
17.06 
18.40 
19.00 
19.40 
19.30 
18.80 
18.40 
17.80 


June. 


17.60 
17.40 
17.42 
17.43 
18.00 
18.02 
18.25 
18.27 
17.90 
17.22 
17.10 
17.25 
17.15 
17.12 
16.60 
16.65 
16.35 
16.25 
16.32 
16.96 
16.88 
16.16 
15.96 
16.36 
16.56 
16.70 
16.96 
17.06 
17.  a^ 
17.20 


July. 

17.68 
17.77 
17.70 
19.90 
18.82 
18.88 
18.75 
18.75 
18.06 
17.95 
17.70 
17.26 
16.40 
16.30 
16.12 
16.15 
16.08 
16.00 
16.60 
15.80 
15.95 
16.86 
16.80 
16. 70 
15.85 
16.15 
16.76 
16.75 
15.70 
16.25 
16.65 


Aug. 


Sept. 


16.15 
16.40 

(') 

(*) 
15.60 
16.72 
16.13 
15.40 
16. 75 
16.92 
16.86 
16.00 
16.90 
16.90 
15.86 
16.02 
15.90 
16.85 
16.96 
16.76 
16.00 
16.20 
15.36 
16.45 
16.66 
16.46 
16.46 
16.20 
16.10 
16.27 
16.15 


16.25 
16.30 
16.38 
17.78 
17.  &5 
17.20 
17.28 
17.30 
17.03 
16.00 
16.40 
16.82 
16.45 
16.30 
16.16 
16.05 
16.06 
16.13 
16.15 
16.00 
16.00 
15.90 
15.95 
15.95 
16.40 
16.40 
16.40 
16.45 
16.40 
16.46 


Oct. 

(**) 
16.05 
16.05 
16.10 
16.10 
17.06 
18.70 
18.65 
18.60 
18.50 
18.43 
18.30 
17.  J© 
17-20 
16.95 
17.15 
17.26 
17.60 
17.80 
17.76 
17.75 
17.85 
17. 75 


Not. 


I>ec.c 


17.25 

17.30  ; 

17.20 

16.90 

16.70 

16.80 

16.  SO 

1G.2U 

16.17 

16.15 

16.05 

15.56 

15.60 

15.45 

15.82 

15.28 

16.55 

16.72 

15.70 

15.60 

15.45 

15.82 

15. 27 

15. 5.S 

15.72 

16l70 


17.65  I   15.55 
17. 65      15. 40 


I 


17.65 
17.70 
17.22 


14.95 
15.  .55 


15.45 
15.05 
l.^SB 
14.50 
15.  IS 

14-!*7 

l.VTH 

1.S.57 

15,55 

15.25 

1.V77 

15. » 

15.90 

l.\3» 

15.45 

15.35 

15. » 

15.50 

,   15.57 

15.71) 

157^ 

lb.  6^ 

15  6B 

l.=i  65 

15.73 

16,10 

15- r^ 

15.  W 
IS.  30 
16.40 


a  Frozen  from  January  1  to  March  30,  when  ice  begins  to  break.    Ice  varied   rom  6  to  18  inches  in 
thicknesH. 
Mce  conditions  March  31  to  about  April  10. 
rice  conditions  during  December. 
d  Weight  gone. 
e  Key  lost.    No  gage  height  talcen  on  August  3  and  4. 

Rating  table  for  Flanibeau  River  near  Ladytmiihy  Wis,,  from  Janvanj  1  to  Defemfifr 

SI,  1904. 


1 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

1      Feet. 

Discharge. 

Gage 
height. 

Discharge. 

• 

I 

Gage 
height. 

t 
Db<*hMrKe. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet, 

Fcft. 

Sfcond-feeL 

15.0 

567 

16.0 

1, 399 

17.0 

2,841 

18.4 

5,291 

15.1 

596 

16.1 

1,542 

17.1 

2,990 

18.6 

5,7(M 

15.2 

637 

16.2 

1,686 

17.2 

3,143 

18.8 

6,120 

15.3 

690 

16.3 

1,830 

17.3 

3,300     1 

19.0 

6, 5:^9 

15.4 

755 

16.4 

1,974 

17.4 

3,461 

19.2 

6, 959 

15.5 

832 

16.5 

2,118 

17.5 

3,626 

19.4 

7,379 

15.6 

921 

16.6 

2,262 

17.6 

3,795 

19.6 

7,7V»9 

15.7 

1,022 

16.7 

2,406 

17.8 

4,145 

19.8 

8,219    , 

15.8 

1,135 

16.8 

2,550 

18.0 

4,511 

1     20.0 

8,639 

15.9 

1,260 

16.9 

2,695 

18.2 

4,893 

HALL,  JOHNSON. 
AND  HOYT. 


tN80N,"| 
)YT.        J 
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The  foregoing  table  is  applicable  only  for  open-channel  conditions.  It  is  based 
upon  fourteen  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined 
between  gage  heights  16  feet  and  19  feet  The  table  has  been  extended  beyond  these 
limits.  Above  gage  height  18.9  feet  the  rating  curve  is  a  tangent,  the  difference  being 
210  per  tenth. 

Estimaied  monthly  discharge  of  Flambeau  River  near  Ladysmithj  Wis.  j  for  1904* 

[Drainage  area,  2,120  square  miles.] 


Month. 


April « 

Mav 

Jime 

July 

August*-.. 
September. 
October  * . . 
November . 
December  « 


Discharge  in  second- feet. 


Maximum. 


6,339 
7, 379 
5,034 
8,429 
2,a34 
4,109 
5,912 
3,300 
1,974 


Minimum. 


Mean. 


2,334 

2,856 

1,234 

662 

607 

1,260 

1,470 

555 

390 


3,389 
5,183 
2,890 
2,834 
1, 336 
2,056 
3,517 
1,416 
951 


Run-off. 


Second-feet 

per  square 

mile. 


1.60 
2.44 
1.36 
1.34 
.630 
.970 
1.66 
.668 
.449 


Depth  in 
inches. 


1.78 
2.81 
1.52 
1.54 
.726 
1.08 
1.91 
.745 
.518 


a  Estimates  April  and  December  made  as  if  open  channel. 
h  Discharge  estimated  for  August  3  and  4  and  October  1  to  4. 

WISCONSIN  RIVER  DRAINAGE  BASIN. 

Wisconsin  River  is  the  largest  river  in  thie  State  of  Wisconsin.  It 
rises  in  the  northern  part  and  flows  south  through  the  central  por- 
tion of  the  State  to  Poi'tage,  where  it  turns  at  nearly  a  right  angle 
and  flows  west,  emptj'ing  into  the  Mississippi  about  60  miles  above 
Dubuque. 

Gaging  stations  were  operated  at  Necedah  and  Merrill,  Wis.,  during 
1904. 

WISCONSIN   RIVEK  AT  MERRILL,  WIS. 

This  station  was  established  November  17,  1902,  by  L.  R.  Stock- 
man. It  is  located  on  the  highway  bridge  in  the  city  of  Merrill,  Wis., 
three  blocks  from  the  Lincoln  County  court-house,  one-half  mile 
from  the  Chicago,  Milwaukee  and  St.  Paul  Railroad  station,  and  1,000 
feet  below  the  dam  of  the  electric  power  house.  Prairie  River  enters 
about  one-half  mile  above  the  station  and  there  is  an  island  about  600 
feet  below.  There  is  a  vertical  gage  fastened  to  the  mill  abutment, 
from  which  part  of  the  gage  readings  for  1903  have  been  made. 
June  17,  1903,  a  chain  gage  was  established  on  the  bridge  and  made 
to  read  the  same  as  the  old  gage  at  the  mill.  It  is  fastened  to  the 
guard  timber  on  the  downstream  side,  and  the  zero  is  marked  by  a 
brass  screw  driven  into  the  guard  timber.  The  fall  of  the  water 
from  the  old  to  the  new  gage  is  2.70  feet  when  the  water  is  at  a  high 
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stage.  The  length  of  the  chain  from  the  end  of  the  weight  to  the 
marker  is  23.68  feet.  The  gage  is  read  twice  each  da}^  by  A.  F. 
Lueck.  The  initial  point  for  soundings  is  a  nail  in  the  footboard  at 
the  left  end  of  the  bridge,  opposite  the  center  of  the  iron  hand-rail 
post.  This  point  is  marked  "zero."  Discharge  measurements  are 
made  from  the  two-span  highway  bridge,  to  which  the  chain  gage  i.> 
fastened.  Each  span  of  the  bridge  is  175  feet  in  length.  The  chan- 
nel is  straight  from  the  dam  above  to  the  bridge  and  for  about  -KW 
feet  below.  The  velocity  is  rapid  and  the  surface  rough.  The 
station  is  so  near  the  dam  that  at  high  stages  the  velocity  is  affected, 
and  it  is  possible  that  the  bed  of  the  stream  may  be  subject  to  slight 
change,  although  it  is  of  rock  and  gravel  and  is  very  rough.  The 
channel  is  about  300  feet  wide  at  low  stages  and  400  feet  wide  at  high 
water.  Both  banks  are  high  and  do  not  ovei*flow.  Bench  mark  No. 
1  is  a  cross  cut  in  the  sandstone  rock  in  the  bridge  seat  of  the  abut- 
ment nearest  to  the  city.  Its  elevation  above  the  zero  of  the  gage  is 
16.25  feet.  This  bench  mark  is  18.28  feet  below  the  United  States 
bench  mark  located  at  the  corner  of  the  engine  house  opposite  the 
city  hall. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Discharge  meaguremeTits  of  Wiscomtin  River  at  MerriU,  Tf^M.,  in  190S  and  1904^ 


Date. 


1903. 
January  20  « . 
February  16  « 

March  20 

May  76 

June  17  & 

July  13 

August  22  &  . . 
September  1> 
October  24... 


Hydrographer. 


Width. 


L.  R.  Stockman, 
do 


Area  of 
section. 


do 

do 

do 

do 

do ., 

E.  C.  Murphy  . , 
L.  R.  Stockman 


1904. 

May  12  & E.  Johnson,  jr 

June  5 do 

July  15  6 do 

September  21 do 

October  14 1  F.  W.  Hanna 

November  30  « 


Feet. 
310 
310 
344 
332 
308 
305 
283 
343 
334 


Gage  Dt!>- 

hcight.      chaifi^. 


FecL 
4.a=) 
3.70 
8.90 
6.85 
4.72 
5.70 
5.00 
6.66 
6.08 


2,220 

3.71 

7.85 

2,286 

4.19 

8.35 

1,366 

1.98 

5.:» 

1,210 

1.91 

5.01 

2,333 

4.42 

8.25 

1,237 

1.85 

4.97 

1,376 
1,2.^ 
9,9iiT 
7,8U3 
2,25S 
2,w:l 

2,t»;is 

5,  HI4 
4,  V^ 

s.-J4:J 

9,  .=vs7 
3. 107 
2,312 

10,  :»i 

•   2,294 


a  Partly  frozen. 


b  Effected  by  log  jam. 


"^a'^d^SS??"'']         WISCONSIN   MVEB   DEAINAGB   BASIN. 
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Mean  daily  gage  height^  in  feet,  of  Wisconsin  River  at  MerriU,  Wis.,  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

6.15 
6.25 
6.70 
6.85 
6.40 
5.90 
6.60 
6.70 
7.75 
10.10 
10.40 
10.15 
9.05 
8.30 
7.65 
7.15 
6.90 
6.90 
6.96 
6.26 
6.86 
6.80 
6.66 
6.55 
7.10 
7.20 
6.90 
6.76 
6.86 
6.65* 
6.25 

Nov. 

Dec. 

1 

5.90 
6.00 
6.06 
6.10 
6.10 
6.00 
6.76 
6.80 
6.50 
5.85 
6.66 
5,70 
5.75 
5.70 
5.56 
5.60 
6.00 
5.55 
5.65 
5.60 
6.70 
6.66 
6.60 
5.50 
6.85 
6.56 
6.55 
5.55 
6.55 
5.55 
5.50 

5.65 
6.65 
5.60 
5.56 
6.70 
5.70 
6.60 
5.80 
5.80 
5.75 
6.85 
5.76 
6.10 
5.55 
5.60 
6.66 
6.95 
5.90 
6.90 
6.16 
5.85 
6.96 
6.90 
5.90 
6.90 
6.90 
6.90 
5.90 
6.96 

5.90 
6.96 
6.90 
5.90 
5.90 
6.86 
6.95 
5.85 
5.90 
5.90 
5.90 
6.90 
5.80 
6.80 
6.90 
5.86 
6.90 
6.75 
5.65 
5.70 
6.75 
5.80 
5.85 
5.75 
6.00 
6.86 
6.65 
5.70 
5.80 
6.70 
6.80 

5.90 
5.85 
6.90 
5.a') 
6.90 
6.40 
6.85 
6.66 
7.20 
7.15 
7.16 
6.76 
6.80 
6.65 
6.36 
6.86 
6.45 
6.80 
6.35 
6.15 
6.06 
6.06 
6.10 
7.00 
8.10 
8.85 
8.45 
8.60 
8.20 
7.75 

7.66 
7.10 
6.80 
7.06 
7.30 
6.75 
6,76 
7.05 
8.40 
8.20 
7.90 
7.96 
7.70 
7.95 
7.70 
7.90 
7.40 
6.56 
6.76 
6.75 
6.86 
7.05 
7.06 
7.06 
8.10 
10.10 
10.60 
9.80 
9.05 
8.60 
7.95 

7.55 
7.25 
7.80 
7.70 
8.05 
8.80 
7.80 
7.85 
7.65 
7.86 
7.00 
7.55 
7.25 
6.50 
6.20 
6.10 
6.05 
6.10 
6.50 
6.20 
6.05 
6.10 
6.06 
7.25 
6.60 
6.00 
6.25 
7.25 
6.80 
6.80 

6.75 
6.80 
6.60 
6.20 
6.25 
6.20 
6.20 
6.36 
6.70 
6.96 
7.20 
6.55 
5.45 
6.00 
6.75 
6.60 
5.80 
6.05 
4.50 
4.60 
5.10 
6.20 
5.80 
4.90 
4.50 
4.60 
6.40 
5.10 
6.50 
5.70 
6.50 

5.16 
5.20 
6.10 
6.00 
6.05 
6.25 
5.20 
6.65 
6.10 
6.20 
6.30 
6.20 
7.16 
6.50 
6.80 
8.70 
6.65 
6.90 
6.75 
6.40 
6.10 
6.20 
6.16 
6.86 
6.80 
5.70 
6.00 
6.60 
6.90 
6.35 
6.06 

5.05 
4.90 
6.95 
7.80 
6.90 
6.25 
7.05 
7.00 
6.76 
5.90 
6.15 
6.60 
6.15 
6.96 
6.96 
6.90 
6.90 
6.96 
5.90 
6.20 
6.86 
6.06 
6.60 
6.80 
7.10 
7.75 
7.15 
7.20 
6.40 
6.10 

6.70 
6.60 
6.26 
5.90 
6.75 
5.70 
5.66 
6.16 
4.70 
4.56 
4.40 
4.76 
5.90 
6.00 
4.60 
4.50 
4.65 
4.66 
4.75 
6.06 
5.10 
5.26 
6.10 
4.96 
4.76 
4.96 
5.45 
6.15 
6.15 
4.86 

4.86 

•2 

6.20 

3 

4.86 

4 

4.86 

5 

4.75 

" 

6 

4.96 

7 

4.80 

8 

6.16 

9 

5.00 

10 

6.00 

11 

4.66 

12 

4.46 

13 

4.80 

5.06 

15 

5.20 

16 

6.30 

17 

6.20 

6.20 

19 

5.10 

5.06 

21 

6.20 

22 

5.70 

23 

6.25 

24 

6.20 

25 

6.46 

26 

6.06 

27 

6.60 

28 

6.96 

29 

6.60 

80 

6.50 

31 

6. 16 

Rating  table  for  Wisconsin  River  at  Merrill,  Wis.,  from  June  17, 190S,  to  December  SI,  1904* 


Discharge. 

Gage 
height. 

Discharge. 

1 

'     Gage 
height. 

Feet. 

Discharge. 

Second-feet. 

Feet. 

Secondr/eet. 

Second-feet. 

3,225 

6.5 

5,485 

8.0 

9,565 

3,425 

6.6 

5,725 

8.2 

10,225 

3,635 

6.7 

5,975 

8.4 

10,885 

3,855 

6.8 

6,225 

8.6 

11,545 

4,075 

6.9 

6,475 

8.8 

12,205 

4,305 

7.0 

6,725    ; 

9.0 

12,865 

4,535     i 

7.2 

7,245 

9.5 

14, 515 

4,765 

7.4 

7,785 

10.0 

16,165. 

5,005    1 

7.6 

8,345 

10.5 

17, 815 

5,245 

r 

7.8 

1 

8,935 

11.0 

19,465 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
17  dischai^  measurements  made  during  1902  to  1904,  inclusive.  It  is  not  well 
defined.  Above  gage  height  8  feet  the  rating  curve  is  a  tangent,  the  difference  being 
330  per  tenth. 
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Estimated  monthly  discharge  of  Wisconsin  River  ai  Merrill^  Wis.,  for  ISQ4. 

[Drainage  area,  2,630  square  miles.] 


Discharge  in  second-feet. 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

I 

December ' 

The  year 18,140 


Maximum. 

4,535 

4,655 

4,305 

11,220 

18, 140 

10,560 

7,245 

7,110 

8,935 

17,480 

5,975 

4,195 


Minimum. 


3,225 
3,330 
2,945 
3,970 
5,610 
3,425 
1,485 
2,310 
2,140 
3,42f 
1,410 
1,490 


Mean. 


1,410 


3,664 
3,749 
3,889 
6,242 
8,935 
6,472 
3,957 
3,766 
5,000 
7,343 
2,800 
2,566 


4,865 


Ron-cffl. 


Seoond-feei    j^^v  . 


1.39 
1.43 

1.48 
2.37 
3.40 
2.46 
1.51 
1.43 
1.90 
2.79 
1.06 
.976 


1.85 


Z< 


t%. 


l:^ 


.li^ 


*3.  b 


WISCONSIN   RIVER  NEAR  NEGEDAH,    WIS. 

This  sti^tion  was  established  December  2,  1902,  by  L.  R.  Stockman. 
It  is  located  on  the  highway  toll  bridge  3  miles  east  of  Necedah,  AVLn, 
and  3  miles  from  the  Chicago,  Milwaukee  and  St.  Paul  and  Chic*^ 
and  Northwestern  Railroad  stations.  Yellow  River  flows  into  the 
Wisconsin  about  4  miles  below  the  station.  There  are  islands  both 
above  and  below  the  station,  but  they  are  several  hundred  feet  away. 
A  regulation  chain  gage  is  fastened  to  the  upstream  side  of  the  high- 
way bridge.  The  length  from  the  end  of  the  weight  to  the  marker  i^ 
26.87  feet.  The  gage  is  read  daily  by  W.  F.  Bingman.  Discharjn* 
measurements  are  made  from  the  two-span  highway  bridge  to  whi<h 
the  gage  is  attached.  The  initial  point  for  soundings  is  a  point  over 
the  right  abutment,  marked  by  a  nail  in  the  floor  of  the  bridge  and 
also  marked  ''zero"  with  paint.  The  general  direction  of  the  channt-l 
is  straight  for  2,000  feet  above  and  below  the  station.  The  velocity  i^ 
rapid  and  rather  poorly  distributed  on  account  of  an  ice  breaker  above 
the  middle  pier  and  the  variation  in  width  of  the  channel  just  alwve 
the  bridge.  The  width  of  the  channel  at  ordinary  stages  is  about  8'i."> 
feet,  broken  by  one  pier.  The  right  bank  is  high  and  rocky;  the  left 
bank  overflows,  making  the  width  of  the  channel  from  500  to  600  feet 
During  the  spring  floods  of  1903  the  water  overflowed  the  turnpike. 
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The  right  side  of  the  bed  of  the  stream  is  rocky,  but  the  remainder  is 
sandy  and  liable  to  shift. 

Bench  mark  No.  1  is  a  nail  in  the  top  of  a  red-oak  stump,  2i  feet  in 
diameter,  about  60  feet  south  of  the  center  of  the  roadbed  and  about 
50  feet  from  the  river  at  ordinary  stages.  Its  elevation  above  the 
zero  of  the  gage  is  12.99  feet.  Bench  mark  No.  2  is  a  nail  in  the  root 
of  a  large  cottonwood  tree,  280  feet  south  of  the  bridge  and  about  80 
feet  from  the  river.  Its  elevation  above  the  zero  of  the  gage  is  11.90 
feet.  Bench  marks  Nos.  1  and  2  are  on  the  east  side  of  the  river. 
Bench  mark  No.  3  is  a  cross  on  a  large  sandstone  rock,  70  feet  south 
of  the  center  of  the  roadway  and  15  feet  west  of  the  water's  edge  on 
the  west  bank  of  the  river.  Its  elevation  above  the  zero  of  the  gage 
is  20.36  feet. 

The  drainage  area  at  this  station  is  5,800  square  miles. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Diftcharge  meojfurements  of  Wittcorufin  River  near  Necedah,  Wis.f  in  1903  and  1904. 


Date. 


Hydrographer. 


1903. 

January  13 «  . .  .j  L.  R.  Stockman 

February  5  « do 


Width. 


March  5  « 
March  26 


....do 

Johnson  and  Stock- 
,      man. 

April  2 L.  R.  Stockman 

April  28 ' do 

June  12 do 

July  7 do 

August  19 do 

September  4 do , 

October  12 do 

1904. 
January  12«  .. 


280 
284 
284 


Area  of 
section. 


.Sf/.  feet. 
2,617 
2,360 
2,411 
5,405 


Mean  veloc- 
ity. 


Oage 
leiffht. 


heig 


May  11 

May  23 

July  16 

September  21 
October  14... 


E.  Johnson,  jr 

do 

Johnson  and  Hanna 

E.  Johnson,  jr 

do 

F.  W.  Hanna 


220 

4,206 

309 

3,860 

281 

3,  282 

316 

4,708 

302 

2,832 

276 

2,463 

314 

3,871 

286 

2,031 

317 

4,685 

314 

3,  717 

294 

3, 525 

294 

1,823 

449 

6,216 

Feet  per  sec. 
1.18 
1.26 
1.09 
3.94 

2.42 
1.84 
1.79 
4.43 
2.46 
2.a5 
3.23 

1.33 
3.65 
2.67 
1.66 
2.08 
5.71 


Feet. 
5.65 
5.80 
5.80 

11. 05 

7.55 
6.50 
6.00 
10.50 
6.20 
5.30 
9.43 

4.60 
9.60 
7.05 
5.80 
4.92 
13.35 


Dis- 
charge. 


Sec-feet. 

2,840 

2,585 

2,422 

21, 280 

10,190 
7,123 
5,888 

20,860 
6,962 
5,047 

12,500 

3,000 
17,110 
9,921 
5,845 
3,800 
b  ;H,  420 


a  Frozen. 


b  Add  to  thifl  discharge  3,000  second-feet  overflow. 
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Mean  daily  gage  height^  infeet^  of  H't«can*m  River  near  Necedahj  TRt.,  fvr.  1904. 


Day. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


6.0 
5.7 
5.9 
6.6 
6.0 
6.0 
5.9 
6.1 
6.1 
6.0 
5.9 
5.1 
5.1 
5.2 
5.2 
5.3 
5.2 
5.1 
5.3 
5.0 
5.2 
5.2 
5.2 
5.1 
6.0 
5.1 
5.0 
5.1 
5.2 
5.2 
6.1 


Feb.a 

Mar.a 

1 
1 

5.1 

5.8 

6.2 

5.3 

5.1 

6.8 

5.0 

6.3 

5.2 

5.3 

5.2 

6.3 

5.2 

6.3 

5.0 

6.4 

5.2 

5.4 

4.9 

.5.3 

5.1 

5.3 

5.2 

5.3 

5.1 

6.8 

5.2 

5.2 

5.1 

5.3 

6.2 

5.2 

5.2 

6.2 

5.1 

5.2 

5.1 

5.1 

5.0 

6.0' 

5.1 

4.9 

6.1 

5.0 

5.1 

6.0 

5.1 

4.8 

5.2 

6.0 

5.3 

6.0 

5.4 

5.2 

5.2 

6.2 

6.1 

6.2 

6.5 

5.8 

Oct.      Nov.    Dw-.-- 


1.* 


.V  5" 


,1  A* 


r  II 


6.00 


a  Biver  frozen  from  January  1  to  March  31.    Ice,  average  thicknesn,  10  inches. 

b  Ice  conditions  April  1  to  12. 

o  Frozen  December  4  to  31.    Ice  0.1  foot  to  2  feet  thick. 

Hating  table  for  Wisconsin  River  near  Necedak,  Wis.f  from  January  I  to  DeoembfrSl, 

1904» 


1 

Gage 
height. 

1 
Discharge . 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Frd, 

Disrhai|:r. 

Feet. 

i^x-ondrfeel. 

Second-feet..  1 

Feet. 

i 
f>€cond-/eet. 

j  Saood^eeL 

4.0 

1,800 

5.1 

4,150 

6.4 

7,600 

9.5 

1     16,900 

4.1 

2,000 

5.2 

4,390 

6.6 

8,200 

10.0 

18,400 

4.2 

2,200 

5.3 

4,630 

6.8 

8,800 

10.5 

19,900 

4.3 

2,400 

5.4 

4,880 

7.0 

9,400 

11.0 

21,400 

4.4 

2,600 

5.5 

5,130    , 

7.2 

10,000 

11.5 

23,610 

4.5 

2,810 

5.6 

5,380 

7.4 

10,600 

12.0 

25,860 

4.6 

3,020 

5.7 

5,640 

7.6 

11,200 

12.5 

28,230 

4.7 

3,240 

5:8 

5,900 

7.8 

11,800    1 

13.0 

30,750 

4.8 

3,460 

5.9 

6,170 

8.0 

12,400     , 

13.5 

38,450 

4.9 

3,690 

6.0 

6,440     1 

8.5 

13,900 

5.0 

3,920 

1 

6.2 

7,010 

9.0 

15,400 
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The  foregoing  table  is  applicable  only  for  open^channel  conditions.  It  is  based  upon 
19  discharge  measurements  made  during  1902  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  4.5  feet  arjd  10.5  feet.  The  table  has  been  extended  beyond 
these  limits.  From  gage  height  6.3  feet  to  11  feet  the  rating  curve  is  a  tangent,  the 
difference  being  300  per  tenth.  The  bank  overflows  at  gage  height  about  11  feet, 
which  accounts  for  the  suddenness  and  magnitude  of  the  increase  in  difference  per 
tenth. 

Estimated  monthly  d'm^harge  of  Wisconsin  River  near  Necedahy  Wis.^  for  1904' 

[Drainage  area,  5,800  square  miles.] 


Month. 


April 

Mav 

June 

July 

August 

Septeml>er 
October  .. 
November 


Discharge  in  Neeond- 

■feet. 
Mean. 

Run-off. 

Maximum. 
21,100 

Minimum. 

Seoond-feet 

per  square 

mile. 

Depth 
in  inches. 

7,300 

12,8:^ 

2.21 

2.47 

28,720 

9,400 

15,250 

2.63 

3.03 

22,280 

5,640 

11,360 

1.96 

2.19 

9,700 

2,810 

5,926 

1.02 

1.18 

6, 170  ' 

2,400 

3,845 

.663 

.764 

10,600 

2,400 

5, 227 

.901 

1.01 

33, 830 

6,170 

13,590 

2.:i4 

2.70 

9,700 

3,460 

5,698 

.982 

1.10 

ROCK  RIVER   DRAINAGE  BA8IX. 

Rock  River,  with  its  tributaries,  Peeatonica  and  Kishwaukee  rivers, 
is  one  of  the  most  important  streams  in  Illinois.  It  rises  in  the  south- 
eastern part  of  Wisconsin,  flows  south  and  southwest,  and  enters  the 
Mississippi  just  below  Rock  Island,  111.  This  river  has  much  power 
already  developed  along  its  course,  and  there  are  several  points  at 
which  large  water-power  plants  could  be  situated.  It  is  also  to  be 
used  as  a  feeder  for  the  Hennepin  canal.  The  United  States  Geolog- 
ical Survey  has  maintained  a  station  on  this  river  at  Rockton,  111., 
below  the  mouth  of  Peeatonica  River  during  the  year  of  1904. 

BOCK   RIVER  AT   ROCKTON,    ILL. 

This  station  was  established  May  13,  1903,  by  E.  Johnson,  jr., 
assisted  by  L.  R.  Stockman.  It  is  located  at  the  village  highway 
bridge,  one-half  mile  from  the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
road station,  1  mile  below  the  dam  and  three-fourths  of  a  mile  below 
the  junction  of  Peeatonica  River  with  Rock  River.  There  are  small 
islands  a  short  distance  above  and  immediately  below  the  station. 
The  chain  gage  is  located  on  the  first  span  from  the  left  end  of  the 
bridge,  on  the  downstream  side.     The  gage  is  read  twice  each  day  by 
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O.  T.  Bartholomew.  The  length  from  end  of  weight  to  marker  is  26.45 
feet.  Discharge  measurements  are  made  from  the  upstream  side  of 
the  five-span  highway  bridge  to  which  the  gage  is  attached.  The  ini- 
tial point  for  soundings  is  the  face  of  the  abutment  on  the  left  end  of 
the  bridge.  The  channel  is  straight  for  2,000  feet  above  and  l,(«Hi 
feet  below  the  station.  Both  banks  are  high  and  will  not  overflow. 
The  channel  is  about  565  feet  wide  between  bridge  abutments  and  is 
broken  by  four  piers.  The  bed  of  the  stream  is  composed  of  small 
rocks  and  gravel. 

Bench  mark  No.  1  is  a  hammered  cross  on  the  top  stone  of  the  left 
abutment,  about  1  foot  from  the  bridge  shoe  and  1  foot  from  the  south 
edge.  Its  elevation  above  gage  datum  is  16.85  feet.  Bench  mark 
No.  2  is  the  top  of  the  west  end  of  the  south  rail  of  the  railroad  track, 
250  feet  north  of  the  north  end  of  the  bridge,  at  a  point  where  the 
sidewalk  on  the  west  side  of  the  street  crosses  the  track.  Its  eleva- 
tion above  gage  datum  is  16.49  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  efohnson,  jr.,  district  hydrographer. 


Discharge  measuremetits  of  Rock  River  at  RockUm^  JU,y  in  190S  and  1904- 


Date. 


Hydrographer. 


1903. 

May  13 L.  R.  Stockman 

June  30 A.  C.  Lootz 

August  18 1  L.  R.  Stockman. 

September  4  . . .    F.  W.  Hanna  . . . 

October  9 do 

November  9 ' do 

December  10*.  J do 


1904. 
January  16  <^... 

March  14 do 

March  25 , do 

April  18 do 

June  23 do 

July  7 do 

August  30 1 do 

September  23  . .  | do 

October  26 do 

November9 do 


F.  W.  Hanna 


Width. 


Feet. 


Area  of 
section. 


Sq./eel. 


Mean  veloc-       Guxe  Vi^ 

ity.         ,   heiin^u       chare* 


296 
490 


504 
453 
367 

380 
509 
509 
504 
378 
389 
381 
408 
426 
397 


547 

1 ,  352 

1,352 

1,998 

831 

743 

662 

4,031 

5,744 

2,361 

660 

645 

674 

739 

759 

695 


Feet  per  tec. 


2.74 
3.41 
3.41 
3.74 
''3.46 
3.21 

2.25 


2.77 


4.34 
3.90 
3.18 
2.93 
3.02 
3.19 
3.13 
3.09 


FixL 
2.90 
2.30 
4.07 
4.08 
5.35 
2.85 


Sec.-h. 


I 


2.60 

i 

2.90 
9.30  ! 
12.32  ' 
5.91 
2.50 
2.  .38 
2.45 
2.65 
2.70 
2.60 


2,  n22 

i,m 

4,611 
4,  Hi): 
7.m 
2, 874 
2,:^ 

1,487 

24,910 
9, 211' 
2,0M? 

I.SnQ 

2, 034 
2, 3.%! 
2, 872 
2,149 


a  High  wind;  velocity  doubtful. 


&  Partly  frozen. 


e  Ice  O.W  foot  thick. 
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Mean  daily  gage  height,  in  feet,  of  Rock  River  at  Rockton,  III.,  for  1904. 


Day. 

Jan  .a 

1 

2.90 

2 

2.90 

3 

2.90 

4 

3.00 

.">          

2.90 

6 

2.80 

f.  ............. 

2.90 

S              .... 

2.90 

9 

2.90 

10 

n.oo 

11 

2.60 

12 

2.90 

13 

2.90 

14 

3.00 

15 

2,80 

16 

2.90 

17 

3.00 

18 

2.70 

19 

3.00 

3.03 

21 

3.10 

22 

8.10 

23 

3.20 

24 

3.30 

26 

3.20 

3.80 

27 

8.80 

28 

3.10 

29 

3.00 

2.90 

31 

2.90 

Feb.a 


2.90 
2.90 
3.10 
3.20 
3.00 
2.80 
4.50 
5.50 
5.90 
6.10 
6.00 
5.80 
5.50 
4.70 
4.10 
3.90 
8.80 
3.80 
3.60 
8.60 
3.70 
8.60 
3.50 
3.80 
8.50 
3.50 
8.60 
3.60 
3.80 


Mar.a 

3.80 

3.95 

6.09 

6.r2 

6.83 

6.60 

7.45 

9.92 

10.80 

11.12 

11.10 

10.90 

10.30 

9.83 

8.85 

8.00 

6.34 

5.60 

4.90 

8.35 

8.85 

12.76 

18.23 

12.05 

12.25 

12.55 

12.40 

12.30 

11.86 

11.45 

11.16 


Apr. 

10.65 
9.61 
8.85 
8.37 
8.06 
7.85 
7.60 
7.60 
7.60 
7.60 
7.61 
7.41 
7.10 
6.83 
6.50 
6.40 
6.20 
6.91 
5.79 
5.60 
5.48 
5.35 
5.16 
5.18 
5.53 
5.55 
6.81 
5.04 
4.80 
4.63 


May. 

June. 

4.53 

3.68 

4.50 

3.68 

4.30 

3.51 

4.18 

8.00 

4.05 

3.20 

4.01 

3.10 

4.00 

3.10 

4.18 

3.11 

4.60 

3.00 

4.85 

2.95 

4.79 

2.95 

4.76 

2.85 

Jaly.  !  Aug. 


4.81 
4.81 
4.91 
4.95 
4.99 
4.81 
4.80 
4.68 
4.60 
4.48 
4.32 
4.28 
4.81 
4.18 
4.10 
3.90 
3.85 
3.79 
3.80 


2.80 
2.75 
2.70 
2.60 
2.62 
2.55 
2.65 
2.50 
2.50 
2.50 
2.50 
2.45 
2.40 
2.35 
2.15 
2.20 
2.20 
2.20 


2.20 
2.20 
2.25 
2.20 
2.15 
2.15 
2.30 
2.40 
2.50 
2.46 
2.36 
2.36 
2.40 
2.25 
2.20 
2.18 
2.00 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
1.75 
2.10 
2.50 
2.10 
2.00 
2.00 
2.00 


2.10 

1.90 

1.80 

1.80 

1.80 

1.90 

1.95 

1.90 

1.82 

1.90 

1.85 

1.76 

1.80 

1.70 

1.85 

1.55 

1.75 

1.90 

1.75 

1.90 

1.95 

2.50 

2.80 

3.00 

3.10 

2.70 

2.80  ! 

2.40  i 

2.10 

2.20 

2.30 


Sept. 

2.15 
2.16 
2.20 
2.12 
2.30 
2.60 
2.45 
2.35 
2.30 
2.31 
2.30 
2.20 
2.20 
2.26 
2.20 
2.15 
2.10 
2.20 
2.90 
4.00 
3.80 
3.25 
2.80 
2.55 
2.35 
2.66 
3.35 
4.20 
4.12 
3.65 


Otrt. 

Nov. 

3.50 

2.65 

3.25 

2.60 

3.15 

2.46 

3.00 

2.50 

2.85 

2.45 

3.20 

2.45 

3.25 

2.25 

3.10 

2.45 

2. 75 

3.00 

2.46 

3.40 

2.45 

3.81 

2.50 

4.25 

2.40 

4.25 

2.20 

4.50 

2.30 

3.^0 

2.45 

3.30 

2.45 

3.15 

2.35 

3.50 

2.45 

2.90 

2.40 

2.75 

2.20 

2.70 

2.30 

2.70 

2.30 

2.75 

2.20 

2.70 

2.30 

2.65 

2.40 

2.65 

2.20 

2.70 

2.20 

2.60 

2.20 

2.55 

2.30 

2.75 

Dec.'i 

2.20 
2.15 
2.20 
2.20 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.40 
2.45 
2.70 
2.85 
2.70 
3.00 
2.65 
2.90 
2.80 
2.70 
2.46 
2.60 
2.50 
2.60 
8.00 
4.20 
6.10 
5.15 
4.60 


a  River  partially  frozen  January  1  to  March  27,  and  December  13  to  31. 


Raling  table  for  Rock  River  at  Rockton,  111.,  from  January  1  to  l)ecem}>er  31,  1904. 


Gage 
eight. 

1 

DiMcharge. 

1 

Fec(. 

Second-feet. 

1.5 

810 

1.6 

910 

1.7 

1,015 

1.8 

1, 125 

1.9 

1,235 

2.0 

1,350 

2.1 

1,470 

2.2 

1,600 

2.3 

1,740 

2.4 

1,880 

2.5 

2,025     , 

2.6 

2,170 

2.7 

2,320 

Gage 
height. 


Discharge. 


Feci. 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 


Second-feet. 
2,470 
2,620 
2,775 
2,935 
3,105 
3,280 
3,455 
3,635 
3,815 
3,^5 
4,180 
4,365 
4,555 


Gage 
height. 


Feet. 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.5 
7.0 
7.5 


Discharge. 

Second-feet. 

4,  U40 

5,345 

5,760 

6,180 

6,620 

7,070 

7,540 

8,020 

8,520 

9,020 

10, 270 

11,520 

12,770 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

8.0 

14,  020 

8.5 

15,  270 

9.0 

16,520 

9.5 

17, 770 

10.0 

19, 020 

10.5 

20, 270 

11.0 

21,520 

11.5 

22, 770 

12.0 

24,020 

13.0 

26,520 

IRR  128~<W> 3 
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The  preceding  table  is  applicable  only  for  open-channel  conditions.  It  is  based 
upon  17  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined 
between  gage  heights  2.4  feet  and  6  feet.  One  flood  measurement  at  12.32  &ces  the 
upper  part  of  the  curve.  The  table  has  been  extended  beyond  these  limits.  Above 
gage  height  5.6  feet  the  rating  curve  is  a  tangent,  the  difference  being  250  per  tenth. 

Estimated  monthly  discharge  of  Rock  River  at  Rockton,  111.^  for  1904. 

[Drainagre  area,  6,150  square  miles.] 


Month. 


January  «... 
February  «.. 

March  « 

April 

May 

June 

July 

August 

September.. 

October 

November . 
December  «. 


Discharge  in  8eoond-feeL 


Run-off. 


Maximum. 


3,280 
9,270 
27,100 
20,640 
6,598 
3,959 
2,025 
2,935 
4,940 
5,550 
2,245 
6,955 


The  year 27, 100 


Minimum. 

Mean. 

2,170 

2,747 

2,470 

4,762 

4,180 

17,220 

5,82:^ 

10, 810 

4,162 

5,405 

1,535 

2,432 

1,070 

1,570 

Second-feet 

peraquare 

mile. 


Depth  in 
incheft. 


860 
1,470 
2,098 
1,600 
1,535 


1,471  ' 

2,344 

3,058 

1,847 

2,514 


860       4, 682 


0.446 
.774 
2.80 
1.76 
.879 
.395 
.256 
.239 
.381 
.497 
.300 
.409 


0.514 
.835 
3.23 
1.96 
1.01 
.441 
.2W 
.27fi 
.435 

.33?» 

.472 


.  761         10.  37 


n  Daily  discharges  January,  February,  March,  and  December  applied  as  for  open  channel. 
IlilillS^OIS  RIVER  DRAINAGE  BASIN. 

Illinois  River  iy  formed  by  the  junction  of  Kankakee  and  Desplainc:^ 
rivers  at  a  point  near  Minooka,  Grundy  County,  111.  Ife  principnl 
tributaries  are  Fox  and  Spoon  rivers  from  the  west  and  Vermilion 
and  Sangamon  rivers  from  the  east.  During  1904  gaging  station^ 
have  been  maintained  in  the  Illinois  River  drainage  basin  at  Peoria* 
Ottawa,  and  Minooka  on  the  Illinois,  and  on  the  Desplaines  at  Chan- 
nahon  above  the  mouth  of  Jackson  Creek. 

The  drainpge  areas  at  the  points  where  stations  have  been  main- 
tained are  as  follows: 

Drainage  areas  in  JUinois  l>amn  at  gaging  stations. 

ILLINOIS   KIVBR. 

Square  milcsk 
Peoria 13, 2!5<> 

Minooka 6,480 

Ottawa 10.100 


Jackson  Cret;k 


])E8PLAINEH   KIVEK. 


1,17* 


HALL,  JOHNSON, 
AND  HU' 


[NBON,  1 
•YT.       J 


ILLINOIS   RIVER   DRAINAGE    BASIN. 
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ILLINOIS   RIVER  NEAR  MINOOKA,  ILL. 

This  station  was  established  November  7,  1902,  by  E.  H.  Heilbron, 
to  determine  the  flow  of  Kankakee  River.     It  is  6  miles  south  of 

• 

Minooka,  111.,  and  2i  miles  below  the  mouth  of  Kankakee  River  at  the 
Elgin,  eJoliet  and  Eastern  Railroad  bridge.  The  gage  is  a  vertical  rod 
fastened  to  the  center  pier  of  the  bridge.  It  is  read  twice  daily  by 
J.  A.  Lyons.  Discharge  measurements  are  made  from  the  bridge. 
The  initial  point  for  soundings  is  an  oak  hub  about  4  feet  north  of  the 
north  side  of  the  railroad  pumping  station.  The  channel  is  straight 
for  1,000  feet  above  the  station  and  2,000  feet  below.  The  width  at 
ordinary  stages  is  560  feet,  with  a  maximum  depth  of  12  feet.  The 
flow  is  moderately  rapid,  but  is  sluggish  at  low  stages.  The  width  at 
high  water  is  about  1,000  feet.  The  right  bank  is  low  and  liable  to 
overflow;  the  left  bank  is  high.  The  bed  of  the  stream  is  of  gravel 
and  is  shifting  on  the  north  side. 

The  bench  mark  is  a  cut  in  the  stone  on  the  south  abutment  of  the 
Elgin,  Joliet  and  Eastern  Railroad  bridge.  It  is  marked  S.  D.  El  P.  B.  M. 
Its  elevation  is  85.030  feet  above  the  Hennepin  datum  and  66.764  feet 
below  the  Chicago  city  datum.  The  gage  is  set  with  its  zero  at  the 
same  elevation  as  the  zero  of  the  Chicago  datum,  thus  giving  directly 
the  elevation  of  the  river  surface  below  this  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Discharge  measurements  of  Illinois  River  near  Minooka,  lU.^  in  1903  and  1904* 


Date. 


1903. 


Hydrog^rapher. 


March  15 

April  19 

May  10 do 

July  12 do 

August  31 do 


E.  H.  Heilbron  . . 
....do 


Sei)teinber  26 . 

October  24 

November  11.. 


Johnaon  and  Hanna. 

do 

F.  W.  Hanna 


1904. 

March  26 |  E.  H.  Heilbron 

March  27 do 

April  3 do 

April  17 ' do 

April  26 do 

May  2 • do 

Mav  19 do 


Width. 

Area  of 
section. 

¥t€L 

Sq.JeeL 

630 

9,182 

594 

6,604 

553 

4,893 

541 

4,556 

560 

3,856 

520 

4,199 

530 

4,  317 

513 

4,466 

948 

1 

14,800 

682 
622 
580 
584 
560 
565 


12,980 
11,230 
6, 937 
7,740 
6,454 
5, 140 


Mean 
velocity. 


Ft.  per  sec. 
2.80 
2.04 
1.03 
1.64 
1.83 
1.75 
1.78 
1.70 


4.40 
3.85 
3.30 
2.44 
2.62 
2.46 
1.91 


Gage 
heignt-a 

Dis- 
charge. 

Ftet. 

Sec.  feet. 

86.84 

25, 6ro 

91.12 

13, 4e0 

94.10 

7,893 

93.83 

7,465 

93.99 

7,044 

94.10 

7,319 

94.10 

7,673 

94.15 

7,596 

78.50 

64,880 

79.98 
82.40 
89.63 
88.15 
90.51 
93.00 


50, 920 
37, 120 
16,930 
20,310 
15, 890 
9,845 


a  aU  gage  heights  are  negative,  being  below  Chicago  datum. 
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Mean  daily  gage  heigfUf  infeet^  of  Illinois  River  near  Minooka,  Til.,  for  1904-*^ 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 


Jan.'' 


91.89 
91.83 
91.79 
91.85 
92.00 
91.94 
91.79 
91.80 
91.75 
91.62 
91.48 
91.41 
91.81 
92.60 
92.09 
91.87 
91.89 
91.80 
91.91 
91.49 
86.95 
83.35 
83.40 
84.90 
85.65 
86.14 
87.24 
88.38 
89.11 
89.45 
89.73 


Feb.& 

Mar.6 

90.20 

83.71 

90.79 

83.21 

90.80 

81.36 

90.80 

81.76 

90.98 

82.52 

90.08 

83.38 

85.36 

82.68 

85.10 

82.78 

85.95 

84.90 

86.14 

85.35 

86.68 

85.72 

87.64 

86.56 

88.49 

87.58 

88.92 

87.86 

89.67 

88.48 

90.08 

88.52 

90.12 

88.54 

90.45 

88.51 

90.76 

85.21 

90.67 

82.80 

90.70 

83.37 

90.90 

82.01 

90.95 

80.66 

90.88 

81.21 

90.89 

79.52 

90.81 

78.50 

90.62 

80.02 

90.53 

81.25 

88.65 

82.24 

83.12 

82.94 

Apr. 

81.60 
81.50 
82.37 
83.17 
84.02 
84.97 
85.80 
86.20 
86.12 
86.27 
86.47 
86.85 
87.41 
87.98 
88.42 
89.17 
89.65 
90.02 
90.30 
90.85 
91. 15 
91.35 
91.48 
90.60 
90.42 
88.82 
87.08 
87.50 
88,27 
89.22 


May. 

90.00 
90.53 
91.02 
91.42 
91.68 
91.85 
91.98 
92.11 
91.78 
91.60 
91.74 
91.92 
92.25 
92.45 
92.56 
92.68 
92.90 
92.92 
93.03 
93.12 
93.29 
93.39 
93.34 
93.47 
93.44 
93.46 
98.55 
93.51 
93.50 
93.28 
92.96 


June. 

July. 
94.65 

Aug. 
94.65 

92.76 

!  92.88 

94.59 

94.70 

92.95 

94.65 

W.70 

93.10 

94.75 

93.11 

94.44 

94.70 

93.80 

94.42 

94.58 

93.42 

94.48 

94.70 

93.48 

94.55 

94.70 

93.90 

93.98 

94.75 

94.10 

93.82 

94.75 

94.24 

{^) 

94.80 

94.26 

94.70 

94.36 

94.75 

94.88 

94.87 

94.68 

94.80 

94.27 

94.77 

91.76 

94.75 

94.65 

94.70 

94.60 

91.80 

94.72 

(-) 

94.68 
94.55 
94.90 

96.02 

94.92 
W.85 
95.00 

....... 

.  94.84 

94.76 

94.62 

•"•••"" 

....... 

Sept. 


Oct. 


94.58 
94.75 
94.75 
94.75 
94.80 
94.75 
95.00 
95.08 
95.05 
95.00 
95.05 
95.15 
95.20 
95.40 
95.20 
98.25 
91.15 
94.90 
95.10 
35.10 
95.20 
%.05 
95.00 
94.55 
94.70 
93.95 
92.85 
93.60 


£.     I 


93.75 

93.75 

94.20 

94.40 

M.55 

94.70 

94.80 

94.90 

94.80 

95.00 

94.75 

94.90 

94.80 

94.96 

94,40 

94.35 

94.35 

94.85 

95.00 

95.00 

95.05 

91.90 

95.10 

95.10 

95.00 

95.00 

95.00 

94.05 

95.07 

94.95 

95.05 


Nov. 


95.05 

95.05 

»4.92 

94.53 

94.55 

95u00 

94.-57 

94.75  ; 

94.55  ; 

94.53 

94.45 

94.55 

94.47 

»i.48 

94.  S7 

94.47 

94.43 

94.45 

94.47 

94.48 

94.  S2 

94.SI2 

94.48 

94.53 

94.45 

94.45 

95.20 

95.30  I 

95.07 

94.95 


94.*? 
94.60 

91  :$* 
91.32 
91.40 
94.  J7 

94-r 

94. » 

94..% 
9L25 
94.40 
94.  S5 


1  All  gage  heights  here  given  of  this  river  are  below  the  Chicago  datum. 

ft  River  frozen  January  1  to  about  March  20.    Ice  varies  in  thicKness  from  0.5  to  2  fit?t. 

c  Observer  absent. 


Raling  table  fvr  Illinois  River  near  Minooka,  III.^  from  Jantuiry  1  to  Decenihrr  Sly  l!^f4. 


Gage 
height. 

Discharge. 
Secondfect. 

Gage 
height. 

Fed. 

1 
l)ist;harge. 

■ 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Dijtcltttigc 

F^i. 

Second-feet. 

Second-feet 

Senmdr/rrt. 

95.0 

6,320     ' 

93.5 

8,735 

.  91.0 

13,530 

86.5 

24,  590 

94.9 

6,470     1 

93.4 

8,905 

■     90.8 

13,950 

86.0 

26,040 

94.8 

6,620 

93.3 

9, 075 

'     90.6 

14, 370 

85.5 

27,  .550 

94.7 

6,770 

1     93.2 

9,245 

'     90.4 

14,800 

85.0 

29,120 

94.6 

6, 925 

93.1 

9,415 

90.2 

15, 240 

o4.  o 

30,750 

94.5 

7,080 

93.0 

9,590 

90.0 

15,680 

;    84.0 

32,440 

94.4 

7,240 

92.8 

9,950 

89.8 

16,120 

83.5 

34,200 

94.3 

7,400 

92.6 

10,330 

89.6 

16,560 

83.0 

36,000 

94.2 

7,560 

92.4 

10,  710 

89.4 

17,020 

82.5 

37,880 

94.1 

7,720    1 

92.2 

11,110 

89.2 

17,480 

82.0 

39,820 

94.0 

7,885 

92.0 

11,510 

89.0 

17,960 

81.0 

44,010 

93.9 

8, 055 

91.8 

11,910 

88.5 

19,  210 

80.0 

49, 910 

!     93.8 

8,  225 

91.6 

12,  310 

88.0 

20, 510 

79.0 

59,010 

j     93. 7 

8,  395 

.     91.4 

12,710 

'     87.5 

21,820 

93.6 

8,565 

91.2 

1    • 

13, 110 

.     87.0 

1 

23,180 

1 

Hall,  jornson 

AND  HOYT 


ON.n 
•       J 
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The  preceding  table  is  applicable  only  for  open-channel  conditions.  It  is  based 
upon  16  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined 
between  gage  heigh  to  —94  feet  and  —87  feet.  AH  gage  heights  are  negative,  being 
below  Chicago  datum.  The  table  has  been  extended  beyond  these  limits.  Above 
gage  height  —79.5  feet  the  rating  curve  is  a  tangent,  the  difference  being  1,200  per 
tenth. 

EiUirruitt'd  motUhly  dMiarge  of  Illinois  Hirer  iiear  Minooka,  lU, ,  /or  1904' 

[Drainage  area,  6.480  square  miles.] 


Discharge  in  second-feet. 


Month. 


March  21-31  . . . 

April 

May 

June 

July  1-10 

August  1-19 

September  3-30 

October 

November . 

December  1-14. 


Maximum. 

64,810 
41,M) 
15,680 
9,950 
8,225 
6,925 
9,960 
8,225 
7,240 
7,660 


Minimum. 


34,  670 
12,510 
8,565 
6,320 
6,925 
6,470 
5,720 
6,170 
6,870 
6,320 


Mean. 


44,130 
22, 610 
10,660 
7,559 
7,245 
6,699 
6,772 
6,735 
6,848 
7,164 


Run-off. 


Second-feet 

per  square 

mile. 

Depth  in 
inches. 

6.81 

2.79 

3.49 

3.89 

1.65 

1.90 

1.17 

1.30 

1.12 

.417 

1.03 

.728 

1.05 

1.09 

1.04 

1.20 

1.06 

1.18 

1. 11 

.678 

ILLINOIS   RIVER  AT  OTTAWA,    ILL. 

This  station  was  established  November  11, 1902,  by  E.  H.  Heilbron. 
It  is  located  at  the  Chicago,  Burlington  and  Quincy  Railroad  bridge, 
2,600  feet  below  the  mouth  of  Fox  River  and  200  feet  below  the  high- 
way bridge  leading  to  the  main  street  of  Ottawa,  111.  A  standard 
chain  gage  was  established  November  1,  1903,  to  replace  the  old  ver- 
tical gage  and  was  made  to  read  the  same  as  the  original  gage.  The 
length  of  chain  from  the  end  of  the  weight  to  the  marker  is  37.42  feet. 
The  gage  was  read  twice  each  da^^  by  D.  C.  Woods.  Discbarge  meas- 
urements were  made  from  the  upper  side  of  the  railroad  bridge,  to 
which  the  gage  is  attached.  The  initial  point  for  soundings  was  the 
center  one  of  the  group  of  nails  driven  into  the  cap  at  t!ie  left  end  of 
the  trestlework,  south  of  the  main  bridge  structure.  The  channel  is 
straight  for  about  2,000  feet  above  and  below  the  station  and  has  a 
width  between  abutments  of  G50  feet,  broken  by  three  piers.  The 
depth  at  ordinary  stages  is  about  13  feet.  The  railroad  embankments 
form  part  of  the  banks  of  this  river.  The  bed  of  the  stream  is  com- 
posed of  gravel,  which  is  .somewhat  .shifting.  The  flow  is  somewhat 
sluggish  at  low  stages. 

Bench  mark  No.  1  is  the  top  of  the  coping  stone  at  the  east  end  of 
the  first  pier  from  the  north  end  of  the  railroad  bridge.    The  point  is 
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marked  '*U.  S."  Its  elevation  is  48.638  feet  above  the  Hennepin 
datum,  and  103.156  feet  below  the  Chicago  datum.  Bench  mark  No.  2 
is  a  cut  in  the  batter  on  the  coign,  3  feet  above  ground,  at  the  west 
end  of  the  south  pier  of  the  railroad  bridge.  The  gage  is  .set  with  its 
zero  at  the  same  elevation  as  the  zero  of  the  Chicago  datum,  thu-^ 
giving  directly  the  elevation  of  the  river  surface  below  this  datum. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  di^ection  of  E.  Johnson,  jr.,  district  hydrographer. 

IHscfiarge  ineasurenients  of  Illinois  River  at  Ottawa^  III.^  in  X90S  and  1904- 


Date. 


Hydrographer. 


¥a.  H.  Heilbron 
do 


1903. 

March  18 

April  5 

April  28 do 

May  12 , do 

July  8 , do 

Augast  23 1  £.  Johnson,  jr 

September  25  . .  |  Johnson  and  Hanna 
October  12 1..... do 


November  12  . . 
December  12  z>.. 


1904. 
March  SO . 
April  2... 
April  17.. 
April  26 . . 

May  2 

May  19... 


F.  W.  Hanna 
do 


£.  H.  Heilbron 
do 


.do 
.do 
.do 
.do 


width. 

Area  of 
section. 

Sq./eet. 

Mean 
velocity. 

Gafe 
heigh  Uu 

FeeL 

Feel. 

Ft.per9er. 

Seoamd-Jl. 

650 

6,817 

4.53 

122.98 

30,8Hii 

600 

4,738 

3.71 

126.25 

17,57tt 

610 

5,001 

3.67 

126.07 

18,340 

545 

3,501 

3.32 

128.42 

11,62C» 

480 

2,847 

2.65 

129.54 

7,541 

660 

2,924 

2.62 

129.57 

7,668 

560 

3,466 

3.35 

128.35 

11,590 

553 

3,609 

3.75 

127.88 

13,540 

525 

3,090 

2.88 

129.01 

8,896 

550 

4,424 

1.54 

126.42 

6,822 

745 

10,220 

4.56 

118.80 

46,560 

750 

10,990 

4.96 

117.80 

64,470 

626 

5,164 

3.62 

125.40 

18,720 

652 

6,136 

4.20 

123.90 

25,920 

608 

4,775 

3.90 

125.80 

18,  610 

541 

3,583 

2.89 

128.1 

10,  'MO 

"Below  Chicago  datum. 


bice  jam. 


Mean  daily  gage  heighty<^  in  feet,  Illirioi*  Rii^er  at  Otiawa,  111.,  for  1904. 


1 

Day. 

Jan. 
127.28 

?. 

127. 22 

3 
4 

127. 12 
126.90 

5 

126.82 

6 

7 

126. 80 
1-26. 80 

K 

126. 85 

Fob. 

124.20 
124. 20 
124.20  ' 
124.20  ' 
124.20  ' 
123. 4f)  I 
120.60  I 
118.60 


Day. 

Jan. 

9 

1*26.82 

10 

126. 80 

11 

r:6.  vss 

12 

126. 85 

13 

126.90 

14 

126. 98 

15 

127. 24 

16 

127.32 

Feb. 

120.00 
120.30 
120. 70 
121. 30 
122.70 
123. 10 
123.60 
123.80 


Day 


17 

127.02 

18 

126.95 

19 

126.90 

20 

125.30 

21 

121. 10 

22 

118.60 

23 

118.80 

24 

119.45 

Jan.    '    Feb. 


124.60 
124.80 

124. 10 
124.10 

124. 11 


Day. 

1 

Jan.    I    Feb 

25 

120.00    

26 

120.;->0    

27 

121.00    

'28 

122.10    

29 

122.22    

30 

120.20    

31 

12ri.92  ' 

«The  gage  heights  here  given  of  this  river  are  below  the  Chicago  datum  and  were  recorded  on 
the  cards  as  minus  ('-). 
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ILLINOIS  RIVER  NEAR  PEORIA,  ILL. 

This  station  was  established  March  10,  1903,  by  E.  H.  Heilbron« 
It  is  located  on  the  Peoria  and  Pekin  Union  Railroad  bridge  over  the 
Illinois  River,  li  miles  southwest  of  Peoria,  111.,  and  can  be  reached 
by  street  cars.  The  gage  is  a  plain  staff  graduated  to  feet  and  inches 
and  fastened  to  the  central  pier  of  the  bridge.  It  is  read  twice  daily 
by  the  draw  tender  of  the  bridge,  P.  A.  Blumb.  The  measurements 
are  taken  from  the  bridge,  and  the  initial  point  for  sounding  is  on  the 
right  bank.  The  river  is  straight  for  3,000  feet  above  and  2,000  feet 
l>elow  the  station  and  has  a  width  of  about  1,000  feet,  broken  by  six 
piers.  The  section  is  deep  and  the  flow  sluggish.  The  bed  of  the 
stream  is  composed  of  gravel  and  silt.  The  right  bank  is  high,  and 
there  is  a  railroad  embankment  along  this  shore.  The  left  bank  is 
low  and  liable  to  overflow. 

The  bench  mark  is  the  southwest  corner  of  the  top  stone  of  the  west 
abutment  of  the  bridge;  elevation,  125.722  feet  below  the  Chicago 
datum.  The  gage  at  this  point  has  for  its  zero  a  point  153.814  feet 
below  the  Chicago  city  datum.  The  gage  reads  up  from  this  pointy 
and  in  order  to  obtain  the  height  of  the  river,  referred  to  the  Chicago 
datum,  it  is  necessary  to  subtract  the  gage  reading  from  153.814  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Ditcharge  mhamxremeiUM  oflUinoU  River  near  Peoria,  IU»,  in  1904* 


Dftte. 


Hydrographer. 


Width. 


January  dO^  . . . 
Febraary  4«  . . . 

February  14 do 

March  3 do 

March  28 do 

March  31 do 

April  2 do 

April  7 1 do 

April  9 ■ do 

April  16 ' do 

April  24 ' do 

May  1 , do 

May  18 ' do 


E,  H.  Heilbron.. 
....do 


943 
933 
955 
953 
951 
953 
953 
953 
953 
953 
946 
952 
950 


Area  of 
section. 


Sq.feet, 
14, 870 
13,640 
14, 810 
13,300 
19,980 
20,250 
19, 310 
19, 030 
18,570 
16,870 
14, 080 
14, 460 
11,830 


Mean 
▼elodty. 


Oace 
height. 


Dis- 
charge. 


ft.  per  tee. 
1.58 
1.20 
1.50 
1.75 
2.93 
2.21  ! 
2.17  . 
2.71 
2.87 
2.46 
1.96 
2.16 
1.43 


FeeL 

16.30 

15.42 

16.30 

14.94 

21.83 

21.48 

21.17 

20.12 

19.60 

18.00 

15.70 

16.00 

13.  21 


Seeondjl. 
21,120 
16,300 
21,780 
23, 280 
58, 370 
^44,810 
f>  41, 930 
51 ,  560 
52, 370 
41,460 
27, 590 
31,310 
16,910 


«  Partly  frozen. 


b  Quefltinnable. 
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STREAM   MEASURKMENTS   IN    1904,  PART   V. 


[so.  l:^. 


Mean  dttUy  gage  height,  in  feet,  of  Illinoia  River  near  Peoria ,  III.,  for  J 904. 


Day. 

Jan.  a 

1 

10.12  1 

2 

10.25 

3 

10.  i5 

4 

10.26 

5 

10.25 
10.17 
10. 17 

f) 

7 

8 

10.17 

9 

10.17 

10 

10.17  , 

11 

10.17 

12 

10.21  ' 

13 

10.  C5 

11 

10.25 

15 

10.25 

16 

10.17 

17 

10,17 

18 

10.08 

19 

10.08  1 

20 

10.46 

21 

12.21 

22 

18.04  1 

23 

18.54 

21 

14.46 

25 

15.88  ' 

26 

16.91 

27 

16.06 

2 

16.29 

29 

16.88 

80 

16  '2b  1 

81 

16.04 

Feb.  a     Mar.n     Apr.    I  May. 


15.86 

15.71 

15.64 

15.87 

15.21 

15.33 

15.50 

15.62 

15.92 

16. -29 

16.42 

16.42 

16.42 

16.29 

16.04 

15.79 

15.54 

15.83  I 

15.13  ' 

14.85  I 
14.70 
14. 54  { 

14.86  I 
14.20  I 
14.00 
18.80 
13.60 
13.58 
14.00 


14.17 
14.37 
14.79 
15.54 
16.12 
16.67 
16.87 
17.04 
17.25 
17.67 
17.87 
17.92 
17.92 
17.79 
17.54 
17.29 
17.13 
16.87 
16.87 
17.25 
17.88 
18.83 
19.46 
20.04 
20.62 
21.12 
21.67 
21.88 
21.75 
21.62 
21.46 


21.29 
21.17 
21.06 
20.87 
20.62 
20.46 
20.12 
19.79 
19.67 
19.46 
19.21 
19.08 
18.79 
18.50 
18.17 
17.96 
17.50 
17.21 
16.96 
16.68 
16.25 
15.87 
15.58 
15.68 
16.76 
15.92 
15.87 
15.87 
16.54 
16.00 


15.96 
15.75 
15.54 
15. 42 
15.12 
14.87 
14.76 
14.54 
14.37 
14.29 
14.04 
13.87 
13.83 
13.79 
13. '29 
13.46 
13.87 
18.21 
18.17 
12.88 
12.71 


June. 

11.67 
11.54 
11.46 
11.62 
11.38 
11.29 
11.17 
11.17 
11.38 
11.46 
11.25 
11.04 
10.87 
10.71 
10.54 
10.38 
10.16 
9.88 
9.75 
9.46 
9.41 


12.42 

9.29 

12.50 

9.06 

12.88 

8.88 

12.18 

8.88 

12.06 

8.71 

11.96 

8.54 

11.79 

8.88 

11.67 

8.21 

11.75 

8.18 

11.67 

8.42 
8.(M 
7.88 
7.71 


8.04 
7.95 
7.92 
8.12 
8.12 
8.16 
8.42 
8.42 
8.58 
8.71 
8.67 
8.67 
8.67 
8.62 
8.54 
8.42 
8.29 
8.12 
8.04 
7.88 
7.79 
7.76 
7.76 
7.62 
7.54 
8.84 


Aug. 

8.46 
8.42 
8.33 
8.25 
8.21 
8.12 
8.00 
7.92 
7.75 
7.83 
I.  id 
7.71 
7.54 
7.37 
7.54 
7.50 
7.50 
7.42 
7.42 
7.84 
7.58 
8.12 
8.21 
8.29 
&42 
8.42 
8.42 
8.88 
8.25 
8.25 
h.l2 


Sept. 


C)ei,   I  Nov.    Ik?e.'« 


8.04 

7.96 

8.00 

7.16 

7.83 

7.78  I 

7.75 

7.63 

7.46 

7.38 

7.58 

7.42 

7.33  I 

7.33 

7.33 

7.29 

7.25 

7.33 

7.54  I 

7.75 

7.79 

7.76  ; 

7.62 

7.66 

7.88  I 

8.94 

9.88 

9.44  I 

9.88 

9.54 


9.58 
9.67 
9.63 
9.50 
9.58 
9.46 
9.29 
9.17 
9.17 
9.08 
9.06 
9.01 
9.00 
8.88 
K.75 
8.66 

O.  &0 

8.50 
8.42 
8.38 
8.37 
8.42 
8.83 
8.25 
8.20 
8.20 
8.06 
8.00 
8.00 
8.00 
7.92 


7.83  . 
7.83  i 
7.83 
7. 7'* 
7.79 
7.75  ! 
7.67  1 
7.75 
7.75 
7.7S 
7. 73 
7.71, 
7.8S  ;     T 
7.71' 
7.67  i 
7.75 
7.75 

7.  as 

7.79 
7.88 
7.83 
7.8S  ■ 
7.79  i 
7.68 
7.68 
7.83  ^ 
7.88  I 
7.56  I 
7.66  i 
7.56 


7..> 

7.  :i) 

7.  ."<.' 
7.  :•< 

7.   4 

7  t*: 

7,  TV 
T.!^3 
7.t»7 
7.'^ 
7.67 
7.  tT 
7.  fT 

7.  rr 

7.75 


I 


I 


7.83 
7.92 
7.92 
7.92 
S.08 
&.06 
8.21 
&29 
8.71 
8.75 
8.<3 
8.75 


a  River  frozen  over  from  January  1  to  March  20, 1904. 
i>  Ice  December  13  to  81. 


Average  thicknets  0.1  foot  to  1  foot. 


DESPLAINES   RIVER  ABOVE  JACKSON   GREEK,  NEAR  CHANNAHON,  ILL. 

This  station  was  established  October  23,  1902,  by  E.  H.  Heilbron. 
It  is  located  just  above  the  mouth  of  Jackson  Creek,  2^  miles  south- 
west of  Millsdale,  III.  The  gage  is  a  vertical  staff  graduated  to  feet 
and  tenths,  and  is  read  daih'  by  Ruth  Alexander.  The  measurements 
aie  taken  from  a  cable  and  l)oat.  The  initial  point  for  sounding-  is  a 
red  hub  driven  in  the  ground  on  the  left  bank  near  the  end  of  the 
cable.  The  channel  is  straight  for  about  3,000  feet  lx)th  above  and 
below  the  station  and  has  a  width  of  360  feet  and  a  maximum  depth 
of  16  feet  at  ordinary  stages.  Its  flow  is  moderately  rapid.  Both 
banks  of  the  stream  are  low  and  liable  to  overflow,  but  a  few  feet 
from  the  top  of  the  banks  on  either  side  are  high  ridges,  which  never 
oveiilow.  Measurements  can  be  made  at  all  stages.  The  bed  of  the 
stream  is  gravel. 
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The  bench  mark  is  the  top  of  a  red  oak  hub  (the  initial  point  for 
sounding)  driven  in  the  bluflf  between  Jackson  Creek  and  the  south 
bank  of  Desplaines  River.  It  is  about  300  feet  west  of  the  west  line 
of  sec.  15,  T.  37  N.,  R.  9  E.,  third  principal  meridian,  and  is  on  the 
farm  owned  by  George  Alexander.  Elevation,  64.262  feet  below  the 
Chicago  datum.  The  gage  is  set  with  its  zero  at  the  same  elevation 
as  the  zero  of  the  Chicago  datum,  thus  giving  directly  the  elevation  of 
the  river  surface  below  this  datum.  This  station  was  located  to  give 
the  discharge  of  upper  Desplaines  River. 

The  excessively  large  discharge  at  this  station  is  due  to  the  fact  that 
between  4,(X)0  and  5,000  second-feet  are  constantly  being  diverted  from 
Lake  Michigan  into  Desplaines  River  a  short  distance  above  this  gaging 
station. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 


Digcharge  measuremerUs  of  Desplaines  River  above  the  mouth  of  Jackson  Creek f  near  Chan- 

nahoHf  i/Z.,  in  1904- 


Date. 


January  21  ^ 
January  22  o 
March  24 . . . 
March  24... 
March  24 . . . 
March  25 . . . 
March  25 . . . 
March  25 . . . 


Hydrographer. 


£.  H.Heilbron. 
do 


....do 
....do 
....do 
....do 
....do 
....do 
March  27 ' do 


April  3 . 
April  14 


do 
do 


Width. 

Area  of 
section. 

Feet. 

Sq.feet. 

376 

5,133 

440 

6,468 

440 

6,240 

437 

6,324 

430 

6,057 

4d5 

6,654 

477 

6,813 

485 

7,112 

450 

6,386 

384 

5,071 

360 

3,936 

Mean 
velocity. 

Qage 
height. 

Ft.  per  Bee. 

Feet. 

1.70 

78.00 

1.09 

75.20 

2.62 

76.06 

2.57 

76.10 

2.56 

76.32 

2.61 

74.80 

2.63 

74.60 

2.82 

74.10 

2.48 

75.64 

2.09 

78.80 

1.40 

81.80 

Dis- 
charge. 


Seeond-fL 

8,635 

7,062 

16,830 

16,230 

15,530 

17,340 

17,940 

20,080 

15,820 

10, 610 

5,548 


"  Partly  fmzen.    Ice  gorge  below  Kankakee  River. 
All  ga^e  heights  are  negative,  being  below  Chicago  datum. 
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Mean  daily  gage  JieigfUy^  in  feet,  of  Des  Plaines  Riper  above  the  mouth  of  Jack9on  Creek^ 

near  Channahon,  111.^  for  1904' 


Day. 

Jan.b 

81.01 
80.76 
80.60 
80.62 
80.84 
80.79 
80.98 
81.58 
81.20 
80.41 
80.51 
90.60 
81.04 
82.28 
80.63 
80.43 
80.68 
80.70 
80.82 
80.50 
78.16 
75.06 
76.80 
75.54 
76.62 
76.86 
76.74 
77,87 
77.J4 
77.92 
78.20 

Feb.ft 

Mar.b 

76.65 
76.96 
75.17 
76.65 
77.96 
78.13 
76.91 
77.96 
78.52 
78.52 
78.46 
78.78 
78.78 
78.74 
78.84 
79.78 
80.70 
80.96 
79.42 
78.47 
78.56 
76.81 
76.27 
76.15 
74.87 
74.80 
75.95 
76.92 
77.86 
78.66 
78.60 

Apr. 

77.78 
78.04 
78.91 
79.68 
80.18 
80.45 
80.90 
80.70 
81.16 
81.10 
81.22 
81.82 
81.70 
81.78 
81.85 
82.85 
82.88 
82.44 
82.85 
82.56 
82.58 
82.62 
82.68 
81.44 
81.88 
81.05 
81.40 
81.79 
82.18 
82.41 

May. 

June. 

July. 

Aug. 

82.96 
83.20 
83.10 
83.11 
83.05 
83.03 
83.02 
88.11 
88.10 
83.05 
83.12 
88.08 
83.04 
83.86 
88.24 
83.06 
83.18 
83.81 
83.04 
88.72 
88.92 

Sept. 

Oct. 

83.53 
83.58 
83.60 
83.64 
83. «) 
83.62 
83.  £ 
88.50 
83.62 
83.58 
84.15 
83.55 
83.64 
83.58 
83.00 
88.00 
82.97 
83.00 
83.60 
83.82 
83.88 
83.58 
63.87 
88.77 
88.89 
88.88 
88.87 
88.88 
84.60 
88.87 

cmS.  oo 

No%'. 

Dec,<- 

1 

78.47 
78.85 
78.80 
78.97 
78.56 
78.15 
75.56 
75.02 
76.61 
76.89 
77.44 
78.08 
78.53 
78.75 
79.88 
79.60 
79.68 
79.76 
79.78 
79.90 
79.85 
79.96 
79.96 
79.96 
80.20 
80.20 
80.17 
80.15 
78.46 

82.59 
82.61 
82.65 
82.77 
82.74 
82.59 
82.65 
82.68 
82.58 
82.60 
82.70 
>2.78 
82.86 
82.75 
82.69 
82.70 
82.65 
82.60 
82.69 
82.76 
82.87 
82.97 
88.25 
83.16 
82.95 
82.96 
88.00 
82.98 
88.00 
82.72 
82.90 

82.92 
82.88 
82.91 
82.95 
82.90 
82.95 
82.80 
88.00 
83.38 
83.42 
83.48 
83.50 
83.50 
84.02 
83.85 
88.48 
88.80 
88.68 
88.70 
88.78 
88.76 
88.66 
68.83 
84.00 
88.90 
88.82 
88.89 
88.57 
88.68 
88.20 

83.29 
83.38 
83.22 
83.15 
83.26 
83.30 
83.20 
83.10 
83.11 
83.36 
88.10 
88.10 
88.19 
83.18 
83.15 
83.05 
88.05 
83.16 
88.22 
88.18 
88.11 
88.00 
88.07 
88.14 
88.02 
88.05 
82.95 
88.00 
83.00 
88.00 
82.98 

82.98 
83.02 
83.05 
83.10 
83.03 
83.16 
82.96 
83.02 
83.65 
83.65 
83.62 
83.72 
83.62 
83.22 
83.67 
83.90 
83.70 
82.87 
82.96 
88.68 
88.71 

88.85 
83.80 
88.75 
88  01 
88.05 
88.20 
8».01 
88.51 
83.00 
82.98 
83.01 
83.12 
82.82 
83.09 
82.99 
83.06 
82.97 
83.16 
83.05 
82.99 
88.16 
83.06 
83.17 
83.01 
83.00 
83.00 
34.40 
84.25 
84.10 
83.96 

8110 

2 

82  97 

3 

g.os 

4 

I&90 

5 

82.M 

6 

82.90 

7 

82.S1 

H 

9 

RL75 
82.77 

10 

M-W 

11 

82.9; 

12 

13 

82.6!^ 
SL9& 

14 

8S.>^ 

15 

82.  S3 

16 

8*  97 

17 

82.96 

18 

88.06 

19 

82.94 

20 

82.96 

21 

83.02 

22 

88.05  1  88.86 

83.00 

28 :.... 

88.10 
82.91 
82.88 
83.90 
82.95 
88.00 
82.92 
82.90 
83.00 

88.80 
83.80 
88.70 
88.60 
88.68 
88.01 
88.02 
88.48 

83.85 

24 

82.77 

25 

82.95 

26 

83.07 

27 

83.00 

28 

83.18 

29 

82.88 

80 

82.70 

81.  • 

'   82.87 

1 

a  All  gage  heights  of  this  station  are  negative  (— ),  being  below  Chicago  datom. 
frice  conditions  January  1  to  about  March  15. 
*>  Frosen  December  11  to  81. 
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Rnting  table  for  Des  Plaines  River  above  tfie  mouth  of  Jackson  Creeks  near  Channahatiy  III., 

from  March  14,  190S,  to  December  31,  1904. 


Gage 
1    height. 

DiRchai^e. 

Gage 
height. 

Dischaige. 

Gage 
height. 

1 
Dlflchurge.  | 

Gage 
height. 

Discharge. 

Fret. 

Srcond-feet. 

Fui. 

Second-feet. 

< 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

84.0 

4,480 

82.8 

5,580     1 

81.2 

7,580 

78.5 

11,620 

83.9 

4,545 

82.7 

5,700 

81.0 

7,840  ; 

78.0 

12, 470 

83.8 

4, 615     ; 

82.6 

5,820 

80.8 

8,100 

77.5 

13,  320 

83.7 

1 

4,690 

82.5 

5,940 

'     80.6 

8,370 

77.0 

14, 170 

83.6 

4,770 

82.4 

6,060     ! 

80.4 

8,650    . 

1     76.5 

15,070 

83.5 

4,855 

82.3 

1 

6,180 

80.2 

8,930 

76.0 

15, 970 

83.4 

4,945 

82.2 

^6,300 

,     80.0 

1 

9,210 

!     75.5 

16, 870 

83.3 

5,040 

82.1 

6,420 

79.8 

9,510 

75.0 

17,  770 

83.2 

5,140 

82.0 

6,545 

79.6 

9,830 

74.0 

19, 570 

83.1 

6,245 

81.8 

6,800 

79.4 

10,150 

73.0 

21,370 

83.0 

5,355 

i     81.6 

7,060 

79.2 

10, 470 

82.0 

1 

5,465 

81.4 

7,320 

79.0 

1 

10,790 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
21  discharge  measurements  made  during  1903  and  1904,  inclusive.  It  is  not  well 
defined.  All  gage  heights  are  negative,  being  below  Chicago  datum.  Above  gage 
height  —77.0  feet  the  rating  curve  is  a  tangent,  the  difference  being  180  x>er  tenth. 

JSitimaUd  monthly  discharge  of  Da  PUdnes  IHver  above  the  mouth  of  Jackson  Cfreekf  near 

Channahonr  2U. ,  for  190S  and  1904^ 

[Drainage  area.  1,170  square  milee.] 


Month. 


1008. 


Discharge  in  second  feet. 


March  16  to  31 

April 

May 

June 

Jiilv 

August 

Septeml)er 

October , 

November 

December 


Maximum. 

9,990 
10,790 
5, 557 
5, 580 
6,300 
5,820 
8,165 
5,880 
6,420 
8,426 


Minimum. 


6,180 
5,090 
5, 030 
5,192 
5,  234 
4,992 
5, 182 
5,  322 
4,200 
4,  754 


Mean. 

7,559 
6,844 
5,  235 
5,  420 
5,460 
5,333 
6, 001 
5, 554 
5, 483 
6,489 


lOM. 


Diachaxge  In  second-feet. 


Maximum. 

Minimum. 

Mean. 

19, 030 

.       7, 892 

13,180 

12,840 

5,724 

7,565 

5,904 

5,090 

5,604 

5,580 

4,468 

4,919 

5,410 

4,964 

5, 215 

5,488 

4,532 

5,  247 

5,500 

4,545 

4,967 

5,388 

4,200 

4,740 

5, 557 

4,250 

5,098 

6,084 

4,480 

5, 443 
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MtMxUaneoiw  discharge  measurements  of  Illinois  River  al  highway  bridge,  near 

Havana^  lU.,  in  1904. 


Date. 


March  28 
March  29 
April  1 . . 
April  16 . 
April  18 . 
April  25 . 
May  1 . . . 


Hydrographer. 


E.  H.  Heilbron 
do 


do 
do 
do 
do 
do 


width. 


Area  of 
section. 


Feet. 
1,034 
1,034 
1,035 
1,035 
726 
1,034 
l,a34 


Sq.feet 
15,990 
16,260 
16, 410 
13,830 
13,160 
11,270 
11,270 


Mean 
velocity, 


FKtper 
teeond. 

4.65 

4.68 

4.90 

3.58 

4.41 

3.29 

3.10 


Gage  Db- 

height.      eharfe. 


Feel. 

Ser.-Ji. 

19.40 

74, 310 

19.70 

76,07U 

19.90 

80,3i)i» 

17.20 

49,  ^% 

18.  a5 

a  58,  ai<) 

14.90 

37,  IW 

14.80 

.34,95H 

"Channel  obstructed  by  drlfL 


AIjIiEGHENY  RIVER  DRAINAGE  BA8IK. 

Allegheny  River,  which,  with  the  Monongahela,  forms  the  Ohio  at 
Pittsburg,  rises  in  northern  Pennsylvania,  flows  north  into  the  State 
of  New  York,  then  flows  south  through  western  Pennsylvania.  The 
headwaters  have  an  elevation  of  about  2,500  feet,  and  join  those  of 
Genesee  River  on  the  north  and  of  the  Susquehanna  on  the  east.  The 
total  length  from  the  source  to  the  mouth  at  Pittsburg  is  about  300 
miles,  47  of  which  are  in  the  State  of  New  York.  The  principal  facts 
concerning  this  river  have  been  given  in  a  report  by  Mr.  George  M. 
Lehman,  assistant  engineer,  contained  in  House  Document  No.  72, 
Fifty-fifth  Congress,  third  session.  Although  this  river  drains  a  large 
area,  much  of  which  is  of  an  elevated  and  even  mountainous  character. 
yet  it  is  of  comparatively  small  value  for  water  power.  The  total  fall 
in  255  miles  between  Olean,  N.  Y.,  and  the  mouth  is  only  725  feet»  or 
an  average  of  less  than  3  feet  per  mile.  This  descent  is  accomplished 
without  abrupt  pitches  and  even  with  few  rapids  having  a  fall  of  much 
consequence.  Between  Olean  and  the  mouth  of  Kiskiniinitas  River, 
30  miles  above  Pittsburg,  the  greatest  amount  of  natural  fall  on  any 
ripple  less  than  a  thousand  feet  long  is  3.9  in  850  feet  at  Pattersons 
Falls.  During  about  half  of  the  year  the  river  is  navigable  for  small 
steamers  to  Franklin,  123  miles  above  Pittsburg. 
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The  drainage  areas  of  the  river  and  its  chief  tributaries  are  given  in 
the  following  table: 


River. 


All^heny 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Conewago  Creek 


Locality. 


Mouth 

Kittanning 

Above  mouth  of  French  Creek . 

Franklin 

Warren 

Salamanca 

Glean,  below  Glean  Creek 

Port  Allegheny 

Mouth 


do 


Tionesta  Creek 

French  Creek ' do 

Clarion do 


Red  Bank  Creek 
Mahoning  Creek 

Kiskiminitas 

Do 

Blacklick  Creek. 


do  .. 

do  .. 

do  .. 

Salina . . . 
Blacklick 


Drainage 
area. 


Sq.  miles. 

11,100 

8,700 

5,960 

5,670 

3,050 

1,560 

1,100 

220 

935 

458 

1,180 

1,175 

526 

397 

1,846 

1,770 

403 


During  1904  the  United  States  Geological  Survey  has  maintained 
gaging  stations  in  this  basin  at  the  following  places:  Allegheny  River 
at  Redhouse,  N.  Y.;  Kittanning,  Pa.;  Chadakoin  River  at  Jamestown, 
N.  Y. ;  Kiskiminitas  River  at  Salina,  Pa. ;  Blacklick  Creek  at  Black- 
lick, Pa. 

ALLEGHENY  RIVER  AT  REDHOUSE,  N.  Y. 

This  station  was  established  September  4,  1903,  by  R.  E.  Horton, 
assisted  by  C.  C.  Covert.  It  is  located  at  the  Redhouse  Bridge  near 
the  stations  of  the  Erie  and  Pennsylvania  railroads  and  about  5  miles 
below  Salamanca,  N.  Y.,  and  about  13  miles  above  the  point  where 
the  river  leaves  New  York  State.  The  standard  chain  gage  is  fastened 
to  the  upstream  side  of  the  bridge  near  the  middle  of  the  left  span. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
24.16  feet.  The  gage  is  read  twice  each  day  by  James  H.  Smith.  Dis- 
charge measurements  are  made  from  the  downstream  side  of  the 
bridge.  The  initial  point  for  'soundings  is  the  left  end  of  the  down- 
stream side  of  the  bridge.  The  channel  is  straight  for  800  feet  above 
and  below  the  bridge.  The  current  velocity  is  well  distributed.  The 
right  bank  is  high  and  does  not  overflow.  The  left  bank  overflows 
only  at  flood  stages.     The  bed  of  the  stream  is  of  gravel,  and  is  regular. 
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The  cLannel  is  494  feet  wide  between  abutments,  broken  bj  two  piers. 
At  extreme  high  water  there  is  an  additional  flood  channel  on  the  left 
bank.  The  bench  mark  is  a  circle  cut  on  the  downstream  side  of  the 
left  abutment.  Its  elevation  is  21.09  feet  above  the  water  surface 
when  the  gage  reads  zero. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Diacharge,  meofurenienUi  of  Allegheny  River  id  Redhouae^  N.  1'.,  in  1904- 


Date. 


April  10 
July  18 . 


Hydrographer. 


Horton  and  Mott. 
C.C.  Covert 


Area  of 
section. 


Mean 
velocity 


Sq.  fed.     Ft  per  »ec. 
2, 807  4. 97 


1,198 


.99 


Gtkge  Dtf- 

hei^t.       charfK. 


Feet.      I  Seamd-Jl 
8.  35        14, 220 
3.68  ]       1,188 


Mean  daily  gage  height,  in  feet,  of  Allegheny  River  at  Redhouse,  N.  Y.,  for  1904* 


Day. 


Jan.a 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
2(1. 
27. 
2«. 
29. 
30. 
31. 


Feb. 


4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 


4.50 


4.50 
4.50 
4.50 
4. 6  J 
7.00 
9.95 
9.40 
8.95 
8.10 
6.90 
fi.  -15 
6.10 
5. 40 
5.  (10 


4.70 
4.50 
4.35 
4.00 
4.30 
4.40 
8.60 
10.70 
9.85 
9.00 
8.10 
7.00 
6.00 
5.48 
4.90 
4.55 
4.40 
4.30 
4.10 
3.95 


Mar. 


4.58 
4.38 
4.00 
3.95 
3. 8.^> 
4.10 


6.10 
6.85 
8.50 
8.68 
8.00 
7.28 
8.76 
10.50 
10.10 
9.05 
7.82 
6.75 
6.12 
6.60 
5.12 
4.85 
4.60 
4.68 
4.70 
5. 45 
5.88 
5. 55 
8. 25 
8.85 
8.98 
11.10 
10.70 
9.50 
8.20 
7.25 
6.88 


Apr. 

7.30 
8.35 
7.85 
7.28 
6.88 
6.55 
6.25 
6.12 
7.80 
8.32 
7.78 
7.50 
7.10 
6.50 
6.00 
5.50 
5.70 
5.80 
5.65 
5.35 
5.20 
5.20 
5.00 
4.82 
5.22 
5.36 
5. 20 
5.80 
6.30 
6.70 


May. 


June. 


6.30 

6.90 

5.65 

5.25 

4.98 

4.82 

4.60 

4.48 

4.40 

4.25 

4.20 

4.12 

4.05 

3.90 

4.05 

4.22 

4.15 

4.20 

6.15 

6.20  ' 

5.72  ' 

5.35 

5- 15  ! 

5.80 
5.90  I 
5.65 
6.60  I 
6.45  I 
5.78  I 
5.65  I 
7.50 


7.32 
6.55 
6.05 
5.56 
6.32 
5.05 
4.85 
4.60 
4.60 
4.42 
4.26 
4.00 
3.95 
8.80 
3.80 
3.75 
3.55 
3.50 
3.50 
3.48 
3.52 
3.62 
3.80 
3.65 
3.48 
3.40 
3.28 
3.20 
3.-20 
3.;20 


July. 


Aug. 


3.25 
3.55 
3.55 
3.40 
3.48 
3.82 
3.90 
8.75 
3.60 
6.05 
6.00 
6.20 
6.45 
4.96 
4.40 
4.16 
3.96 
3.80 
3.70 
3.60 
3.48 
3.38 
3.30 
3.58 
3.45 
3.32 
3.30 
3.30 
3.68 
3.65 
3. 45 


3.32 
8.28 
3.20 
3.20 
8.20 
3.20 
3.20 
3.12 
8.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.15 
3.60 
4.00 
4.35 
4.40 
4.15 
3.90 
3.90 
4.00 
3.70 
3.52 
3.45 


Sept.  I   Oct. 


NoT.fc  Dec. 


3.45 
3.38 
3.45 
3.70 
3.45 
3.40 
3.32 
3.30 
3.22 
3.20 
3.20 
3.20 
3.12 
3.10 
3.10 
3.10 
3.20 
8.25 
3.22 
3.12 
3.05 
3.00 
3.00 
3.05 
4.20 
4.75 
4.70 
4.45 
4.15 
4.50 


4.50 

4.18 

4.05 

4.00 

3.88 

3.78 

8.70 

8.70 

3.80 

4.00 

4.70 

5.00 

5.10 

5.00 

4.70 

4.45 

4.25 

4.10 

3.96 

3.78 

3.68 

4.15 

5.10 

5.10 

4.90 

4.60 

4.60 

4.50  I 

4.30 

4.20 

4.00 


3.90 
3.85 
3.N) 
3.T2 
3.G2 
3wS0 

aso 
a.  50 

S.60 
3.50 
S.45 
3.40 
3.50 
S.50 
S.45 
3.45 
3.40 
3.35 
S.3D 
3.30 

3.ao 

3.30 
3.30 
3.30 
3.30 
3.25 
3.40 
2S.S0 
3.20 
.^25 


lit' 

S  k' 
3  +-' 

3  ^' 
S,V, 

.  >- 

3.3t^ 

3.flf' 

.1.  '*! 
3  '*> 
3  '^ 
3  VI 

3  :4» 
Z.xl 

3.  u: 

s  ;'• 
t*.  ii"' 

r.  i«' 
♦■-  J" 


"River 
f>  River 


frozen  Janimry  1  to  23.    Ice  about  1  fool  thick, 
frozen  November  28  to  December  26. 
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ALLEGHENY   RIVER  AT  KITTANNING,  PA. 

This  station,  which  is  located  at  Market  Street  Bridge,  was  estab< 
lished  August  18,  1904,  by  R.  J.  Taylor.  A  standard  chain  gage  is 
bolted  to  the  outside  of  the  upstream  hand  rail  in  the  first  span  from 
the  left  bank.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  marker  is  38.67  feet.  Discharge  measurements  are  made  from 
the  downstream  foot  walk  of  the  five-span  steel  highway  bridge  to 
which  the  gage  is  attached.  The  initial  point  for  soundings  is  the 
left  end  of  the  hand  rail  on  the  downstream  side  of  the  bridge.  The 
channel,  which  is  broken  by  four  piers  at  the  station,  is  straight  for 
about  600  feet  above  and  for  1,000  feet  below.  The  current  is  swift. 
Both  banks  are  high,  clean,  and  do  not  overflow.  The  bed  of  the 
stream  is  composed  of  clean  gravel,  and  is  permanent.  The  water  is 
approximately  3  to  4  feet  deep  in  the  first  three  channels  and  6  to  8 
feet  deep  in  the  last  two  at  low  stages.  The  gage  is  read  twice  daily 
by  S.  B.  Cochrane. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  meaturements  of  Allegheny  River  at  Kittanning^  Pa.,  in  1904- 


Date. 


Hydroin^pher. 


August  18.... 
September  19 
September  29 


R.  J.  Taylor  . . 
E.  0.  Murphy 
N.  C.  Grover. . 


width. 

Area  of 
section. 

620 
603 
720 

Sq./eet. 
2,615 
2,602 
4,010 

Mean 
velocity. 


Ft.  per  sec. 

0.82 

.79 

1.77 


Gaffe 
Lelffht. 


helg 


Dis- 
chars:^. 


Fed. 
2.40 
2.26 
4.42 


Second'fl. 
'       2,140 
2,046 
7,087 


Memn  daily  gage  height^  in  feet,  of  Allegheny  River  at  Kittanning,  Pa. ,  for  1904- 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

3.80 
3.60 
3.40 
3.80 
3.10 
3.10 
3.20 
3.00 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
(«) 
(«) 

Dec.b 

2.80 
2.60 
2.70 
2.80 
2.70 
2.60 
2.60 
2.60 
2.50 
2.30 
2.70 
2.80 
2.80 
2.90 
2.90 
2.90 

Day. 
17 

Aug. 

Sept. 

Oct. 

4.00 
3.70 
3.60 
3.30 
3.20 
8.30 
3.30 
4.30 
5.70 
6.00 
5.70 
5.10 
4.70 
4.40 
4.10 

Nov. 

(«) 
(«) 
(°) 
2.50 
2.40 
2.40 
2.40 
2.30 
2.40 
2.40 
2.40 
2.30 
2.30 
2.:») 

Dec.ft 

1 

2.90 

3.80 
4.00 
4.00 
3.80 
3.80 
3.40 
3.40 
8.10 
3.00 
2.80 
2.60 
3.40 
3.60 
4.30 
4.40 
4.10 

2.20 
2.40 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
3.40 
4.60 
4.50 
4.10 

2.90 

1 
2 

2.80 
2.80 
2.70 
2.80 
3.60 
3.90 
3.00 
2.70 
2.70 
2.80 
2.70 
2.60 
2.40 
2.30 
2.20 

18 

3.00 

3 

19 

3.30 

4 

20 

3.20 

5 

21 

3.00 

6 

22 

2.90 

7 

23 

2.90 

8 

24 

8.40 

1 

9 

25 

4.60 
3.90 
3.90 
4.10 
3.70 

8.30 

> 
10 

26 

7.30 

11 1 

27 

8.00 

U -- 

28 

11.90 

18 

29 

12.40 

14 

30 

3.40 
3.10 

10.60 

15 1 

31 

8.80 

16 1 



« Gage  out  of  order.    River  stationary  from  Noveml  er  15  to  19,  inclusive, 
ft  Reading  taken  to  top  of  ice,  December  12  to  31. 
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CHADAKOIN   RIVER   AT  JAMESTOWN,    N.    Y. 

Chadakoin  River  drains  Lake  Chautauqua,  entering  Allegheny 
River  in  Pennsylvania,  through  Conewango  Creek.  Lake  Chau- 
tauqua extends  in  a  northwest  and  southeasterly  direction,  having  its 
head  at  a  distance  of  8  miles  from  Lake  Erie,  its  water  surface  being 
at  elevation  1,308  feet  above  sea  level  or  735  feet  above  Lake  Erie. 
The  drainage  area  above  the  foot  of  the  lake  is  190.6  square  miles,  of 
which  20.8  square  miles  comprises  the  lake  surface,  which  represents 
10.9  per  cent  of  the  drainage  area.  The  land  tributary'  to  the  lake  is 
very  rolling  and  the  soil  is  impervious.  Chadakoin  River  furnishes 
water  power  at  numerous  dams. 

A  gaging  station  was  established  on  Chadakoin  River  April  3, 19(>4, 
by  R.  £.  Horton.  It  is  located  at  the  outlet  of  Lake  Chautauqua, 
near  Jamestown,  N.  Y.  The  gage  is  read  once  each  day  by  R.  L 
Carlson. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  R.  E.  Horton,  district  hydrographer. 

Discharge  measurements  of  Chadakoin  River  at  Jamestovm^  N.  V.,  in  1904- 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gaxe           Di9- 
heigiit.      chanre. 

April  11 

July  19 

Horton  and  Mott 

Sq./eet. 
385 
290 

Ft.  per  9CC. 
2.88 
1.70 

FM.        ^eccwUI. 
2.38  .      1,110 

C.  C.  Covert 

1.90            4W 

HALL,  JOHNSON 
AND  HOYT 
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Daily  gage  height,  in  feet  j  of  Chadakoin  River  ai  JameMown,  N.  K,  for  1904' 


Day. 


Apr. 


May.     June. 


1 



• 

3 

3.00 

' 

4 

2.95 

S       .                          .        ....... 

3.00 

6 

2.95 

2.85 

8 

2.85 

9 

2.80 

10 

2.80 

11 

2.80 

2.70 

13 

2.80 

2.65 

15 

2.60 

2.70 

17 

2.60 

2.50 

19 

2.70 

2.50 

21 

2.40 

2.40 

2^ 

2.80 

2.20 

25 

2.30 

2.80 

27 

2.30 

2.30 

29 

2.40 

'M) 

2.30 

;n 

2.20 

2.30  , 

2.30 

2.20  ' 

2.80 

2.20 

2.10 

2.10 

2.00  I 

2.10  ' 

2.10 

2.00 

1.90 

1.90 

1.80 

2.10 

I 

1.90 

2.00 

2.10 

2.20 

2.20 

2.03  I 

2.10  ' 

2.30 : 

2.20 

2.30  . 

2.60 

2.40 

2.20 

2.10 

2.20 


July.      Aug.   :   Sept.  i    Oct.    ,    Nov. 


2.40 

2.50 

2.80 

2.40 

2.60 

2.60 

2.40 

2.40 

2.30 

2.20 

2.80 

2.10 

2.00 

2.10 

1.90 

2.10  ' 

2.00  j 

2. 10  j 

2.10  j 

2.00 

2.20  ! 

2.30  I 

2.20  ! 

2.00  ■ 

2.10  ' 

2.00 

2.10 

1.80 

2.00 

1.80 


1.90 


2.00 ; 

1.90  I 

2.00 

1.90 

2.00 

2.00 

2.00  ' 

1.80 

2.20 

2.40 

2.30 

2.30 

2.30 

2.20 

2.20 

2.10 

2.20 

1.90 

1.80 

2.20 

1.80 

2.20 

1.80 

2.00 

2.00 

2.10 

2.10 

2.10 

1.80 

2.00 


1.90 
1.80 
1.70 
1.60 
2.20 
2.00 
2.00 
2.10 
1.80 
1.80 
1.80 
1.70 
1,80 
2.10 
1.70 
1.70 
1.90 
1.70 
1.40 
1.90 
1.80 
1.90 
1.80 
1.80 
1.80 
1.70 
1.50 
1.90 
1.70 
1.60 
1.50 


1.60 
1.40 
1.60 
1.50 
1.50 
1.40 
1.10 
1.10 
1.10 
1.20 
1.10 
1.10 
.90 
1.10 
1.20 
1.50 
1.30 
1.20 
1.20 
1.10 
.90 
.80 
.80 
.80 
1.50 
1.40 
1.30 
1.40 
1.30 
1.40 


I 


1.20 

1.60 

.80 

.70 

.80 

.80 

.80 

.80 

1.30 

1.40 

1.40 

1.50 

1.50 

1.60 

1.40 

1.20 

1.20 

1.20 

1.20 

1.20 


I 


1.90 
1.90 
1.90  I 
1.60  < 
2.00 
2.00 


Dec. 


2.00 

2.00 

2.00 

2.00 

1.80 

2.00 

1.60 

1.80 

2.00 

1.80  I 

1.80  I 

1.80 

1.90 

1.90 

1.80 

1.80 

1.80 

1.70 

1.70 

1.80 

1.90 

1.90 

2.00 

2.00 

2.00 

2.00 

2.00 

1.80 

1.80 

1.70 


1.70 
1.70 
1.80 
1.70 
1.70 
1.90 
1.60 
1.60 
1.60 
1.50 
1.80 
1.80 
l.fO 
1.50 
1.40 
1.40 
1.50 
1.50 
1.50 
1.60 
1.60 
1.40 
1.60 
1.60 
1.60 
2.00 
1.80 
1.90 
1.90 
2.10 
2.00 


KI8KIMINITAS  RIVER  AT  SALINA,  PA. 


This  station  was  established  August  17,  1904,  by  R.  ,1.  Taylor.  It 
is  located  at  the  highway  bridge  between  the  village  at  Salina,  Pa., 
and  the  Pennsylvania  Railroad  station,  and  about  200  feet  from  the 
latter.  A  standard  chain  gage  is  bolted  to  the  outside  of  the  hand 
rail  on  the  downstream  side  of  the  bridge.  The  length  of  the  chain 
from  the  end  of  the  weight  to  the  marker  is  36.76  feet.  Bench  mark 
No.  1  is  a  chisel  draft  on  a  shelf  on  the  downstream  corner  of  the 
right  abutment.  Its  elevation  is  5.77  feet  above  the  datum  of  the 
gage.  Bench  mark  No.  2  is  a  chisel  draft  on  the  top  of  the  down- 
stream corner  of  the  right  abutment.  Its  elevation  is  30.39  feet 
above  the  datum  of  the  gage.  Discharge  measurements  are  made 
from  the  downstream  side  of  the  two-span  steel  bridge  to  which  the 
guge  is  attached.  The  initial  point  for  soundings  is  the  right  end  of 
the  guard  rail  on  the  downstream  side  of  the  bridge.  The  channel  is 
1KB  128—05 4 
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straight  for  about  300  feet  above  and  for  500  feet  below  the  station. 
The  current  is  swift.  Both  banks  are  high,  rocky,  clean,  and  are  not 
subject  to  overflow.  The  bed  of  the  stream  is  composed  of  rock  and 
is  clean  and  permanent.  At  low  stages  all  the  water  passes  beneath 
the  right  span  of  the  bridge.  Water  will  begin  to  flow  beneath  the 
left  span  when  the  gage  reads  about  1.50  to  1.70  feet.  At  such  times 
the  water  in  the  left  channel  is  too  shallow  to  measure,  but  the  velot'ity 
mav  be  estimated  very  closelv-  The  gage  is  read  once  each  day  bv 
J.  F.  Whitesell. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  h3^drographer. 

Discharge  measurements  of  Kiskiminitajs  River  at  Salina^  Pa.,  in  1904- 


Date. 


August  17 

September  20 
September  30 


Hydroirrapher. 


Width. 


Area  of 
section. 


Mean 
velocity, 


G 
hei^ 


age 
ight. 


Fed, 

R.J.  Taylor '        153 

E.C.Murphy '        144 

N.C.Grover !        140 


Sq.  ftei.  I  Ft.  per  9ec. 

222  2.48 

161  ;  1.74 

132  i  1.32 


I 


Dfe- 
chaifct*. 


Feet. 
1.50 
1.22 
1.07 


Second-ft 

281 
174 


Mean  daily  gage  height^  in  feetf  of  Kiskiminitas  River  at  Salina,  Pa.,  for  1904. 


a  River  frozen  from  December  11  to  24,  inclusive, 
b  December  24  water  running  over  ice. 


cice 
dice 


gone, 
gorge. 


Day. 

Aug. 

Sept. 

Oct. 

. 

1.00 
.90 
.90 

.&5 

.80 
1.00 
1.20 
1.20 
1.20 
1.20 
1.60 
1.52 
1.60 
1.60 
1.50 
1.45 

Nov. 

Dec. 

Day. 

Aug. 

Sept. 

1.40 
1.40 
1.40 
1.30 
1.15 
1.15 
1.10 
1.00 
1.02 
1.02 
1.00 
1.00 
1.00 
1.00 

Oct, 

Nor. 

Dev. 

1 

1.15 
1.15 
1.35 
1.30 
1.20 
1.25 
1.15 
1.20 
1.25 
1.60 
1.60 
1.65 
1.50 
1.30 
1.35 
1.40 

1.10 
1.10 
1.05 
1.05 
1.05 
1.02 
1.02 
1.00 
1.10 
1.10 
1.10 
1.12 
1.15 
1.20 
1.15 
1.10 

0.90 

.90 

.90 

.88 

.85 

1.00 

1.10 

1.10 

1.10 

1.12 

al.OO 

1.00 

1.00 

1.00 

1.00 

1.00 

17 

1.40 

1.22 

1.20 

1.15 

1.10 

1.10 

1.20 

1.55' 

1.45 

1.46 

1.30 

1.20 

1.20 

1.15 

1.15 

1.10 
1.12 
1.10 
1.10 
1.10 
1.10 
1.06 
1.06 
1.02 
1.02 
1.02 
1.02 
1.00 
1.00 

1  00 

2 

18 

1.70 
1.65 
1.80 
1.70 
1.80 
1.78 
1.70 
1.62 
1.60 
1.52 
1.50 
1.38 
1.25 
1.20 

1   C«i 

3 

19 

l.OD 

4 

20 

1  li< 

5 

21 

,1  iVt 

6 

22 

1    KV 

7 

23 

1  IK? 

8 

24 

^1  70 

9 

25 

<'S  OP 

10 

26 

27 

4  •■) 

11 

5,3J 

12 

28 

6  Tl« 

13 

29 

.*»  2i 

14 

30 

d9w35 

15 

31 

tf  ^an 

16 

t 

BLACKLICK  CREEK  AT  BLACKLICK^  PA. 

This  station  was  established  August  16,  1904,  by  R.  J.  Taylor.  It 
is  located  at  the  covered  wooden  highway  bridge  one-fourth  mile  from 
the  railway  station  at  Blacklick.  A  standard  chain  gage  is  spiked  to 
the  floor  on  the  upstream  side  of  the  first  span  near  the  left  bank. 
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The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
17.32  feet.  The  bench  mark  is  a  chisel  di-aft  on  top  of  upstream 
corner  of  left-hand  abutment;  elevation  15.63  feet  above  the  datum  of 
the  gage.  During  low  water  discharge  measurements  are  made  by- 
wading  just  below  the  bridge.  At  high  water  discharge  measure- 
ments are  made  from  a  coal-mine  tipple  crossing  the  stream  one-fourth 
mile  above  the  bridge  to  which  the  gage  is  attached.  The  channel  is 
divided  at  this  point  by  piers  into  three  channels  at  both  low  and  high 
water.    The  gage  is  read  once  each  day  by  Mark  Maynard. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  meaturements  of  Blacklick  Greek  at  Biacklickj  Pa.,  in  1904. 


Date. 


August  12 

September  20 
September  30 


Hydrographer. 


R.  J.  Taylor . 
E.  C.  Murphy 
N.  C.  Grover. 


Width. 

Area  of 
section. 

Sq./cfl. 

242 

61 

37 

Fsel. 
205 
130 
100 

Mean 
velocity. 


Ft.  per  aec. 

0.26 

.74 

.62 


Gaffe 
height. 


Feet. 
2.02 
1.94 
1.84 


Dis- 
charge. 


Secoitd-^. 
63 
45 
23 


Mean  daily  gage  height,  in  feet,  of  Blacklick  Creek  at  Blacklick,  Pa.,  for  1904. 


Day. 


1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Aug. 


Sept. 


1.88 
1.90 
1.92 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.10 
2.25 
2.10 
2.02 
2.00 
2.20 
2.25 


Oct.    Nov. 


1.95 
1.92 
1.85 
1.85 
1.90 
2.10 
2.15 
2.10 
2.00 
2.00 
2.36 
2.62 
2.50 
2.45 
2.80 
2.30 


2.00 
2.00 
1.98 
1.96 
1.90 
1.90 
2.00 
2.10 
2.15 
2.20 
2.26 
2.30 
2.25 
2.20 
2.20 
2.15 


Day. 


2.05 
2.30 
2.25 
2.25 
2.80 
2.30 

(°) 
(«) 
(«) 
(«) 
(«) 
(°) 
(«) 
(«) 
(«) 
(«) 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Aug. 


I 


2.18 
2.15 
2.12 
2.02 
2.20 
2.32 
2.42 
2.a5 
2.26 
2.50 
2.25 
2.08 
1.98 
La*) 
1.90 


Sept. 

2.15 
2.00 
2.00 
1.95 
1.90 
1.90 
1.95 
1.96 
2.00 
2.02 
2.05 
2.02 
2.00 
2.00 


Oct. 


2.22 
2.20 
2.10 
2.00 
2.25 
2.65 
2.65 
2.45 
2.80 
2.20 
2.20 
2.15 
2.10 
2.10 
2.00 


Nov. 

2.16  , 

2.15 

2.12 

2.00 

2.00 

1.98 

1.95 

1.90 

2.00 

2.00 

2.00 

2.00 

2.00 

2.05 


Dec. 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«») 

4.20 

3.90 

6.90 

5.30 

4.30 

3.80 

8.70 


alee. 


ft  Ice  went  out. 


MONO:N^GAHEIiA  RIVER  DRAINAGE  BA8IN. 

Monongahela  River  is^  formed  near  Fairmont  in  Marion  County, 
in  the  northern  part  of  West  Virginia,  b}'^  the  union  of  its  West  Fork 
with  Tygarts  Valley  River.  The  headwaters  of  the  latter  stream  lie 
on  the  slopes  and  in  the  valleys  of  the  Appalachian  Mountains  near 
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the  eastern  boundary  of  West  Virginia;  thence  they  flow  northward^, 
draining  a  hilly  and  mountainous  country.  The  West  Fork  has  its 
headwaters  west  of  those  of  Tygarts  Valley  River  in  the  central 
part  of  West  Virginia;  thence  they  flow  northerly,  draining  a  hilly 
country. 

The  principal  tributaries  of  Monongahela  River  below  Fairmont 
are  Cheat  and  Youghiogheny  rivers,  both  entering  from  the  east. 
Cheat  River  drains  a  rugged,  mountainous  district  in  northern  West 
Virginia,  and  flows  into  Monongahela  River  near  Point  Marion,  Pa. 
Youghiogheny  River  drains  a  mountainous  district  of  Maryland  and 
Pennsj^Ivania,  and  enters  the  Monongahela  about  15  miles  above 
Pittsburg.  The  basins  of  all  of  these  tributary  rivers  have  steep 
slopes  and  collect  and  discharge  their  waters  quickl}',  with  the  result 
that  the  Monongahela  is  liable  to  the  excessive  freshets  for  which  it 
is  noted.  The  whole  basin  was  once  heavily  timbered,  but  has  been 
quite  thoroughly  cleared  except  about  the  upper  waters  of  the  princi- 
pal streams.  Little  water  power  is  used  in  the  basin.  Navigation 
extends  to  Fairmont. 

CHEAT  RIVER  NEAR  MORGANTOWN,  W.  VA. 

A  cable  station  was  established  July  8,  1899,  by  E.  G.  Paul,  at 
IJneva,  about  7  miles  from  Morgantown,  W.  Va.  On  July  26,  1901, 
the  cable  was  moved  about  1  mile  downstream,  in  order  to  sex-ure  a 
more  satisfactory  cross  section  and  better  facilities  for  observing  gage 
heights.  An  inclined  timber  gage  was  established  at  the  present  sta- 
tion August  21,  1902.  It  is  located  275  feet  below  the  cable  and  is 
inclined  up  to  6.5  feet,  above  which  point  readings  are  taken  on  a  ver- 
tical timber  spiked  to  an  ash  tree.  On  September  28, 1904,  a  standard 
chain  gage  was  installed  by  N.  C.  Grover  on  the  new  steel  bridge, 
known  as  Ice's  ferry  bridge,  and  near  the  site  of  the  first  cable,  and 
both  gages  have  been  read  during  the  remainder  of  the  year.  Thev- 
were  set  to  read  the  same,  and  their  records  have  chex?ked  verv  closelv. 
The  published  record  is  that  for  the  inclined  gage.  The  channel  is 
straight  for  about  800  feet  above  and  1,200  feet  below  the  station. 
The  right  bank  is  low  and  liable  to  overflow;  the  left  bank  is  hig^h. 
The  bed  of  the  stream  is  of  rocks  and  gravel  and  the  current  is  slug- 
gish. The  bench  mark  is  a  mark  on  the  face  of  a  sandstone  rock  at 
the  edge  of  the  road,  20  feet  downstream  and  30  feet  back  from  the 
gage.     Its  elevation  above  gage  datum  is  21.13  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 
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Discharge  mecuuretnerUs  of  Ghent  River  near  Morgantovm^  W.  Fa.,  in  1904. 


Date. 

fiydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Qage 
height. 

Dis- 
charge. 

July  6 

September  16  . . 

J.C.HoytandW.E. 
Hall. 

R.  J.  Taylor 

Feel. 
300 

275 

Sq.feet. 
1,226 

887 

Feet  per  tec. 
0.63 

.15 

Feet. 
2.60 

2.00 

Sec.'/eet. 
773 

136 

Afean  daily  gage  height,  in  feet,  of  Cheat  River  near  Aforgantovm,  W.  Va.,  for  1904. 


Day. 

Jan. 

3.30 

3.26 

a8.50 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

11.00 

a21.00 

felO.80 

7.50 

5.95 

6.06 

4.40 

3.80 

3.75 

3.65 

3.60 

Feb. 

3.60 
3.00 
3.25 
3.15 
3.00 
3.00 
4.90 
8.60 
6.30 
5.35 
4.65 
4.00 
3.60 
3.65 
3.80 
3.40 
2.95 
3.15 
3.00 
3.15 
3.65 
5.70 
5.45 
6.05 
.5.40 
4.65 
4.20 
3.95 
6.15 

Mar. 

Apr. 

May. 

6. 25 
5.85 
4.95 
5.00 
4.55 
4.20 
3.95 
3.75 
3.55 
3.75 
3.75 
3.45 
3.30 
3.25 
3.40 
3.70 
3.65 
3.70 
7.20 
6.50 
6.70 
6.30 
6.20 
4.90 
4.45 
4.10 
4.05 
4.15 
3.90 
3.70 
3.55 

June. 

July. 

Aug. 

2.16 
2.25 
2.15 
2.35 
2.65 
2.85 
2.25 
2.30 
2.16 
2.05 
2.05 
2.00 
2.05 
2.05 
2.06 
1.95 
1.96 
1.96 
2.00 
1.95 
2.35 
2.10 
2.40 
2.55 
2.55 
2.40 
2.20 
2.05 
1.95 
1.85 
1.85 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.40 
6.80 
7.20 
8.30 
6.40 
6.60 
6.10 
7.40 
6.60 
6.70 
5.15 
5.05 
4.90 
4.55 
6.15 
4.95 
4.40 
4.35 
4.45 
4.45 
5.10 
6.65 
8.20 
7.80 
6.30 
5.85 
6.00 
6.30 
4.65 
4.30 
4.35 

6.40 
6.50 
5.95 
5.10 
4.55 
•».80 
4.15 
4.05 
4.05 
4.15 
4.00 
3.85 
3.80 
3.85 
8.70 
3.95 
6.05 
4.65 
4.25 
4.00 
3.80 
3.60 
3.45 
3.35 
3.55 
4.70 
6.60 
7.40 
6.80 
6.a5 

3.40 
3.45 
3.50 
3.90 
3.85 
4.80 
4.30 
4.10 
3.85 
3.70 
3.50 
8.30 
3.10 
2.90 
2.85 
2.86 
2.75 
2.90 
2.95 
2.70 
3.25 
4.30 
4.75 
3.45 
3.30 
2.95 
2.85 
2.85 
3.05 
3.80 

3.60 
4.00 
3.65 
3.35 
8.00 
3.00 
3.65 
3.60 
3.40 
3.30 
3.55 
3.50 
3.35 
3.05 
2.80 
2.70 
2.55 
2.55 
2.35 
2.30 
2.75 
3.00 
8.25 
2.80 
2.60 
2.45 
2.55 
2.45 
2.50 
2.35 
2.20 

1.80 
1.86 
1.85 
1.86 
1.85 
1.80 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.85 
1.85 
2.10 
1.95 
2.00 
1.90 
1.86 
2.20 
2.10 
1.90 
1.85 
1.80 
1.75 
4.75 
1.70 
1.60 
1.60 

1.60 
1.86 
1.90 
1.90 
1.90 
1.85 
1.85 
1.90 
1.80 
1.90 
1.95 
2.00 
2.05 
2.75 
2.30 
2.20 
2.16 
2.06 
2.00 
2.00 
1.90 
2.00 
2.00 
2.10 
2.10 
2.00 
2.00 
2.10 
2.00 
2.00 
2.00 

2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.82 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.95 
1.88 
1.90 
1.90 
1.90 
2.05 
2.10 
2.35 
2.45 
2.40 
2.40 
2.&5 
2.05 
2.10 
2.00 

2.00 

2 

'2.05 

3 

2.20 

4 

2.10 

5 

2.10 

6 

2.60 

7 

2.60 

8 

2.50 

9 

2.50 

10 

2.40 

11 

2.86 

12,,  

13 

2.20 
2.15 

14 

2.05 

15 

2.15 

16 

2.16 

17 

2.10 

18 

2.20 

19 

2.20 

20 

21 

2.20 
2.16 

22 

2.10 

23 

2.00 

2.60 

25 

8.20 

7.20 

27 

7.20 

6.80 

29 

6.40 

4.20 

31 

3.85 

alee  goige  January  3  to  22. 


b  Ice  paased  out  January  23. 
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YOUGHIOGHENY  RIVER  AT  FRIEND8VILLE,  MD. 

Youghiogheny  River  rises  in  Grarrett  County ,  Md.,  flows  in  a  north- 
westeriy  direction  into  Pennsylvania,  and  is  tributary  to  Mononga- 
hela  River  15  mile6  above  Pittsburg.  Its  source  is  on  the  western 
slope  of  the  Allegheny  Mountains,  at  an  elevation  of  about  2,900  feet. 
The  average  fall  of  the  stream  for  19  miles  above  its  mouth  is  about 
2  feet  per  mile,  but  above  this  point  it  soon  increases  to  an  average 
fall  of  nearly  5  feet  per  mile.  The  river  is  liable  to  excessive  fresh- 
ets and  the  height  of  floods  above  low  water  ranges  between  15  and 
30  feet.  The  following  heights  of  the  high  water  of  February,  1^97, 
above  low-water  stage,  at  various  points  in  Pennsylvania,  were  fur- 
nished by  George  M.  Lehman:  Whikett,  13  feet;  Jacobs  Creek,  lo 
feet;  Smithton,  14  feet;  Port  Royal,  17  feet;  Snj^der,  16  feet;  West 
Newton,  20  feet;  Suterville,  22  feet;  Buena  Vista,  26.5  feet;  Coulter- 
ville,  28.5  feet;  Boston,  29  feet;  McKeesport,  28.5  feet. 

A  measurement  of  the  flow  of  Youghiogheny  River  was  made 
October  13,  1892,  with  surface  floats,  at  Ohiopyle,  Pa.,  by  Kenneth 
Allen,  in  connection  with  an  investigation  of  a  water  supply  for  the 
works  of  the  H.  C.  Frick  Coke  Company.  It  was  during  a  period  of 
extreme  drought,  and  the  discharge  was  found  to  be  106  second-feet. 

The  station  at  Friendsville,  Md.,  was  established  by  E.  G.  Paul  on 
August  17, 1898.  The  standard  chain  gage  is  located  on  the  upstream 
side  of  the  right  span  of  the  bridge  and  is  nailed  to  the  guard  rail. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  i.> 
20  feet.  A  United  States  Geological  Survey  bench  mark  consisting 
of  an  aluminum  tablet  disk  marked  "1501,"  is  set  in  the  foundation 
corner  stone  of  the  southeast  corner  of  Friend's  store;  elevation  33.17 
feet  above  the  datum  of  the  gage.  The  initial  point  for  soundings  i> 
a  point  15  feet  back  from  the  face  of  the  right  abutment  on  the 
upstream  side  of  the  bridge.  Measurements  are  made  from  the  iron 
highway  bridge  connecting  the  east  and  the  west  portions  of  the  vil- 
lage. The  channel  is  straight  for  several  hundred  feet  above  and 
below  the  bridge.  The  bed  is  rocky  and  the  banks  are  high  and  not 
subject  to  overflow.  The  gage  is  read  twice  daily  by  J.  H.  Cuppt^t. 
This  station  was  discontinued  December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 

the  direction  of  N.  C.  Grover,  district  hydrographer. 

DiJicharge  measurement  of  Youghioghney  River  at  Frtcfidst^iUef  Md.,  in  1904. 


Date. 


Julv  7 


Hydrographer. 


J.  C.  Hoyt  and  W.  p]. 
Hall. 


Width. 

Area  of 
set^tlon. 

Feet. 
145 

Sq.  Jeet. 
344 

Mean  Gafe 

velocity.        heiirnt. 


ohargv. 


Fi.pertitc. 
0.46 


i:>7 


"^AND^HOYif''']      MONONOABELA   RIVEB   DBAIITAOE   BASIIT. 
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Mean  daily  i 

gage  h 
Jan.  a 

4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.30 
4.80 
4.90 
4.80 
4.80 
4.80 
4.30 
4.80 
4.30 
5.40 
6.90 
6.30 
7.50 
8.20 
8.60 
9.40 
6.70 
6.00 
6.70 
5.50 
5.60 
5.80 
5.70 
5.60 

siglU,  i 
Feb.  n 

n  feel  J 
Mar. 

of  Ya 
Apr. 

ughiog 
May. 

5.40 
5.80 
5.30 
5.30 
5.20 
5.10 
4.90 
4.80 
4.80 
4.70 
4.60 
4.60 
4.60 
4.50 
4.60 
4.40 
4.50 
6.30 
6170 
6.80 
6.70 
*6.60 
6.10 
6.80 
5.50 
5.20 
5.20 
5.00 
5.00 
5.00 
6.00 

Iieny  1 
June. 

4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.70 
4.90 
4.80 
4.70 
4.60 
4.60 
4.40 
4.40 
4.30 
4.30 
4.30 
4.30 
4.80 
4.40 
4.50 
4.60 
4.70 
4.80 
4.70 
4.60 
4.50 
4.50 
4.60 
4.70 

^iver  a 

t  Frier 
Aug. 

4.00 
4.00 
4.00 
4.00 
4.10 
4.00 
3.90 
3.90 
8.90 
3.90 
3.80 
3.80 
3.80 
3.80 
3.70 
3.70 
8.70 
3.70 
3.70 
3.70 
3.80 
3.80 
3.80 
3.90 
3.90 
3.90 
3.80 
8.80 
8.80 
3.80 
8.80 

idavUIi 

J,  Md.f 

for  1904. 

Day. 

July. 

4.60 
4.50 
4.50 
4.40 
4.50 
4.40 
4.30 
4.40 
4.50 
4.50 
4.60 
4.50 
4.50 
4.40 
4.80 
4.20 
4. 10 
4.20 
4.00 
4.00 
4.00 
4.00 
4.10 
4.10 
4.20 
4.10 
4.10 
4.00 
4.00 
4.00 
4.10 

Sept. 

Oct. 

3.80 
8.80 
3.80 
8.80 
3.80 
3.80 
3.90 
3.90 
8.90 
8.90 
.    3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
8.90 
8.90 
8.90 
8.90 
8.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 

Nov. 

3.80 
3.80 
8.80 
3.80 
3.80 
3.80 
8.80 
8.80 
3.80 
8.80 
3.80 
3.80 
8.80 
8.80 
8.80 
3.80 
3.80 
3.80 
8.80 
8.80 
3.80 
3.90 
3.90 
8.90 
8.90 
8.80 
3.80 
8.90 
3.90 
3.90 

Dec.a 

I 

5.40 
5.10 
5.00 
4.80 
4.60 
4.50 
6.30 
6.00 
6.50 
6.30 
6.20 
5.90 
6.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
6.90 
6.90 
6.40 
6.20 
6.00 
6.30 
6.80 
7.40 
7.60 
8.20 

8.00 
7.60 
6.80 
6.40 
6.10 
6.00 
5.90 
6.80 
6.60 
6.40 
6.20 
5.90 
6.70 
5.40 
6.20 
5.00 
4.90 
4.80 
6.00 
6.20 
6.30 
6.60 
5.80 
5.60 
6.70 
5.90 
6.00 
6.80 
6.20 
6.10 
5.90 

6.70 
6.60 
5.60 
5.60 
5.30 
6.10 
5.10 
5.20 
6.10 
5.00 
6.00 
4.90 
4.80 
4.80 
4.70 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.70 
4.80 
4.80 
4.80 
5.20 
6.60 
5.80 
5.60 
6.40 

3.80 
3.80 
8.80 
8.80 
3.80 
3.80 
8.80 
8.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
.3.80 
8.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 

3.90 

2 

3.90 

3 

3.90 

4 

3.90 

5 

3.90 

6 

3.90 

7 

3.90 

8 

3.90 

9 

3.90 

10 

3.90 

8.90 

12 

8.90 

8.90 

14 

3.90 

3.90 

16 

3.90 

3.90 

18 

3.90 

3.90 

20 

3.90 

4.60 

22 

4.80 

5.90 

24 

7.80 
8.60 

26 

8.80 

7.60 

28 

6.70 

6.90 

30 

5.40 

6.10 

a  Frozen  during  portions  of  January,  February,  and  December. 

Rating  table  for  Youghiogheny  River  at  Fri^ndjrviUe,  Md.y  frmn  January  i,  190iS,  to 

December  SI  J  1904. 


Gage 
height. 

Discharge. 

Gage 
height. 

Diflcharge. 

Gage 
height. 

Fed. 

Second-feet.  \ 

Feet. 

Second-feet. 

Feet. 

3.6 

12 

4.4 

230 

5.6 

3.65 

18 

4.5 

280 

5.7 

3.7 

25 

4.6 

340 

;    5.8 

3.75 

35 

4.7 

-      400 

5.9 

3.8 

45 

4.8 

464 

6.0 

3.85 

55 

4.9 

530 

6.1 

3.9 

65 

5.0 

600 

'      6.2 

3.95 

77 

5.1 

6^5 

6.3 

4.0 

90 

5.2 

770 

6.4 

4.1 

120 

5.3 

862 

6.5 

4.2 

150 

5.4 

955 

6.6 

4.3 

185 

5.5 

1 

1,050 

!      6.7 

1 

Discharge. 


Discharge. 


Second-feet. 
1,150 
1,260 
1,372 
1,486 
1,600 
1,714 
1,828 
1,942 
2,056 
2,170 
2,284 
2,398 


2,512 
2,626 
2,740 
2,968 
3,196 
3,424 
3,652 
3,880 
4,450 
5,020 
5,590 


The  above  table  is  applicable  only  for  open-channel  conditions.    Curve  not  well 
defined. 
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EtftimaUd  monthly  discharge  of  Voughiogheny  River  ai  Friendsville,  3/(tL,  for  1904. 

[DralnaKC  area,  295  square  miles.] 


Discharge  in  second-feet. 


Month. 


January  « . . 
Februarv  ^. 

March 

April 

May 

June 

July 

AugUBt 

September . 
October  ... 
November . 
December  « 


Maximum. 


The  year 


5,476 

4,108 

3,880 

1,372 

2,512 

530 

340 

120 

45 

65 

65 

4,564 

5,  476 


Minimum.       Mean. 


Run-off. 


Second-feet  I  ^  ^  -,, 


185  1,159 

280  1,667 

464  1,551 

400  703 


230 

883 

185 

351 

90 

185 

25 

55.3 

45 

45 

45 

61.1 

45 

49.7 

65 
25 

802 

626 

3.93 

4.5:i 

5.&4 

6.(N 

5.26 

6.4>) 

2.38 

2.h«5 

2.99 

3.4.S 

1.19 

1. :« 

.627 

-Ti:; 

.187 

.•l\r\ 

.153 

.171 

.207 

.2:>» 

.168 

.1S7 

2.72 

3.14 

2.12 


2S,Si« 


a  January,  February,  and  December  approximate  on  account  of  ice  during  portions  of  the  montti*. 
YOUGHIOGHENY   RIVEK  NEAR  CONFLUENCE,  PA. 

This  station  was  established  September  15,  1904,  by  E.  C.  Murphy. 
It  is  located  at  the  highway  bridge  about  one-half  mile  from  the  rail- 
way station  at  Confluence,  Pa.  A  standard  chain  gage  is  fastened  to 
the  downstream  hand  rail  of  the  bridge.  The  length  of  the  chahi 
from  the  end  of  the  weight  to  the  marker  is  23.23  feet.  Bench  mark 
No.  1  is  a  cross  on  the  head  of  a  rivet  in  the  bedplate  at  the  right 
abutment  on  the  downstream  side.  Its  elevation  is  20.53  feet  above 
the  datum  of  the  gage.  Bench  mark  No.  2  is  a  cross  on  the  lower 
chord  of  the  bridge  under  the  gage  box.  Its  elevation  is  20.2^  feet 
above  gage  datum.  Discharge  measurements  are  made  from  the 
upstream  side  of  the  two-span  steel  bridge  to  which  the  gage  i> 
attached.  The  initial  point  for  soundings  is  the  center  of  tlie  bridcre 
pin  over  the  right  abutment  on  the  upstream  side  of  the  bridge.  Tho 
channel  is  straight  for  about  200  feet  above  and  for  500  feet  below  th<^ 
station.  The  current  is  swift.  The  right  bank  is  high  and  diw^^ 
not  overflow.  The  left  bank  is  low,  clean,  and  overflows  during  hitfh 
water.  The  bed  of  the  stream  is  rocky.  There  are  two  channels  at 
all  stages.  There  is  a  small  cobble-stone  dam  about  4  to  6  inches 
high  under  the  bridge.    The  gage  is  read  once  daily  by  L.  L.  Mountain. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 


"\"'b^SS???''']     monongahela  rivee  drainage  basin. 
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Diitcf large  measurements  of  Youghiogheny  River  near  Confluence,  Pa,^  in  1904. 


Date. 

Hydroflrnipher. 

Width. 

Area  of 
section. 

Sq./ed. 

Mean 
velocity. 

Fetl  per  aec. 

QMge 
height. 

Dis- 
charge. 

Feet. 

Feet. 

Sec-feet. 

July  7« 

Hoyt  and  Hall 

235 

379 

1.40 

530 

September  12 . . 

E.O.  Murphy 

78 

64 

.55 

1.30 

35 

September  27  . . 

N.  C.  Grover 

190 

80 

.  .54 

1.37 

43 

a  Measured  at  railroad  bridge  below  Junction  of  OasHelman  River. 
Mean  daily  gage  height,  in  feet,  of  Youghiogheny  River  near  Confluence,  Pa,,  for  1904^ 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

H. 

9. 
10. 
11. 
12. 
13. 
H. 
15. 
16. 


Day. 


Sept. 


Oct. 


Nov. 


a  Frozen. 


1.35 


1.30 

1.35 

1.30 

1.35 

1.30 

1.35 

1.25 

i.a> 

1.25 

1.30 

1.25 

1.30 

1.25 

1.30 

1.80 

1.30 

1.35 

1.30 

1.35 

1.35 

1.40 

1.35 

1.40 

1.35 

1.40 

1.35 

1.70 

1.85 

1.70 

1.35 

1.66 

1.35 

Dec. 


1.40 

1.40 

1.40 

1.40 

1.40 

1.4U 

1.40 

1.40 

1.40 

1.40 

(«) 

(«) 

{«) 

(«) 

(«) 

(") 


Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Sept. 

1.35 

1.35 

1.35 

1.35 

1.40  , 

1.40 

1.55 

1.55 

1.60 

1.40 

1.40 

1.35 

1.35 

1.35 


Oct. 

Nov. 

1.60 

1.40 

1.60 

1.40 

1.50 

1.40 

1.45 

1.40 

1.40 

1.40 

1  40 

1.40 

1.40 

1,40 

1.40 

1.40 

1.40 

1.40 

.1.40 

1.40 

1.40 

1.40 

1.35 

1.40 

1.85 

1.40 

1.85 

1.40 

1.35 

Dec. 

M.60 

(«) 
(") 
(°) 
(«) 
(«) 
(«) 
ft  1.90 

C4.80 
4.25 
4.50 
4.90 
3.80 
3.00 
2.70 


ft  Hole  cut  In  Ice  and  gage  read  to  surface  of  water. 


c  Ice  gone  out. 


CASSELMAK   RIVER  AT  CONFLUENCE,  PA. 

This  statioii  was  established  September  15,  1904,  by  E.  C.  Murphy. 
It  is  located  at  the  highway  bridge  in  Confluence,  Pa.,  about  500 
yards  from  the  railroad  station.  A  standard  chain  gage  is  fastened 
to  the  upstream  hand  rail  of  the  bridge.  The  length  of  the  chain 
from  the  end  of  the  weight  to  the  marker  is  21.41  feet.  Bench  mark 
No.  1  is  a  chisel  draft  marked  with  paint  on  the  right  abutment  on 
the  downstream  side.  Its  elevation  is  17.88  feet  above  the  datum  of 
the  gage.  Bench  mark  No.  2  is  a  cross  on  the  top  of  the  lower  chord 
of  the  bridge  near  the  gage.  Its  elevation  is  18.61  feet  above  the 
datum  of  the  gage.  Discharge  measurements  are  made  from  the 
upper  side  of  the  two-span  steel  bridge  to  which  the  gage  is  attached. 
The  initial  point  for  soundings  is  the  center  of  the  bridge  pin  over  the 
right  abutment  on  the  upstream  side.  The  channel  is  straight  for  200 
feet  above  and  for  500  feet  below  the  station.  The  current  is  swift. 
The  right  bank  is  high,  and  is  not  subject  to  overflow.     The  left  bank 
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is  low  and  overflows  during  extreme  high  water.  The  bed  of  the 
stream  is  covered  with  bowlders  and  there  is  some  vegetation.  There 
are  two  channels  at  all  stages.  The  gage  is  read  once  each  da,y  by 
L.  L.  Mountain. 

The  observations  at  this  station  during  1904:  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Cassdman  River  at  Ckynfluencey  Pa.^  in  1904- 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Ga^            Dis- 
hei^ht.    ,    eluusc. 

Julys 

Hoyt  and  Hall 

K.C.  Murphy 

N.  C.  Grover 

Flset. 
230 
194 
220 

Sq.feet. 
279 
123 
107 

Ft.  per  tec. 

0.80 

.36 

.27 

1.65              224 

September  12  . . 
September  27  . . 

1.50                44 
1.49                S 

Mean  daily  gage  heighly  infeeiy  of  Casselman  River  ai  Oonflueru^,  Pa.,  for  1904- 


Day. 


1.. 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
S.. 
9.. 
10. 
11. 
12. 
13. 
U. 
16. 
16. 


Sept. 


1.55 


Oct. 

1.40 
1.40 
1.40 
1.35 
1.35 
1.35 
1.35 
1.40 
1.45 
1.45 
1.50 
1.50 
1.50 
1.60 
1.60 
1.55 


Nov. 

Dec. 

1.45 

1.55 

1.45 

1.66 

1.45 

1.65 

1.45 

1.65  i 

1.40 

1.56 

1.40 

1.55 

1.40 

1.55 

1.40 

1.65 

1.40 

1.55 

1.40 

1.55  I 

1.40 

(«) 

1.40 

(«) 

1.40 

(«)      1 

1.40 

(«)     , 

1.40 

(-)     ' 

1.40 

(«) 

17 

18 

19. 

20 

21 

22. 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Oct. 


1.50 
1.60 
1.45 
1.40 
1.50 
1,50 
1.50 
1.50 
1.60 
1.50 
1.45 
1.45 
1.45 
1.45 
1.46 


Nov. 


1.45 
1.45 
1.45 
1.50 
1.S0 
1.50 
1.50 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 


Dec 

*l-60 

(•) 
(«) 
<«) 
(») 
<«i 

2-7B 
2-*» 
4  10 

a.uo 

2.15 


« Ice. 


h  Hole  out  in  ice  and  ^a^e  read  to  surface  of  water. 


<■  Ice  gone  out 


LAUREL   HILL  CREEK  AT  CONFLUENCE,  PA. 

This  station  was  established  September  15,  1904,  by  E.  C.  Murphj. 
It  is  located  at  the  highway  bridge  near  the  tannery,  about  one-fourth 
of  a  mile  from  the  railroad  station  at  Confluence,  Pa.  A  standard 
chain  gage  is  fastened  to  the  downstream  hand  rail  of  the  bridge. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  aiarker  Ls 
17.55  feet.  Bench  mark  No.  1  is  a  cross  on  the  top  of  a  bolt  in  the  bed 
plate  of  the  bridge  at  the  right  abutment.  Its  elevation  is  14.16  feet 
above  the  datum  of  the  gage.  Bench  mark  No.  2  is  a  cross  on  the 
lower  chord  of  the  bridge  under  the  gage  box.  Its  elevation  is  14.74 
feet  above  the  gage  datum.  Discharge  measurements  are  made  from 
the  lower  side  of  the  single-span  steel  bridge  to  which  the  gag«  is 
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attached.  The  initial  point  for  soundings  is  the  center  of  the  bridge 
pin  over  the  left  abutment  on  the  left  side  of  the  bridge.  The  chan- 
nel is  straight  for  about  25  feet  above  and  for  300  feet  below  the 
station.  The  current  is  swift.  The  right  bank  is  low,  clean,  and  sub- 
ject to  overflow  during  high  water.  The  left  bank  is  high  and  not 
subject  to  overflow.  The  bed  of  the  stream  is  composed  of  rough 
cobblestones  and  is  permanent.  There  is  one  channel  at  all  except 
freshet  stages.     The  gage  is  read  daily  by  L.  L.  Mountain. 

The  observations  at  this  station  during  1904  have  been  made'  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Laurel  Hill  Creek  at  Confluence,  Pa,,  in  1904- 


Date. 

Hydrographer. 

width. 

• 

Area  of 
section. 

Sij./eet. 

156 

91 

84 

Mean 
velocity. 

Ft.  per  gee. 

0.80 

.30 

.19 

Qage 
height. 

Feet. 
2.14 
1.78 
1.75 

Dis- 
charge. 

Julys 

Hoyt  and  Hall 

E.G.  Murphy 

N.  C.  Grover..: 

Feel. 
83 
80 
84 

Seeond-ft. 
125 

September  12  . . 
September  27  . . 

27 
16 

Mean  daily  gage  height,  in  feet,  of  Laurel  Hill  Creek  at  Confluence^  Pa.,  for  1904. 


Day. 

Sept. 

Oct. 

Nov. 

1.65 
1.66 
1.60 
1.60 
1.60 
l.CO 
1.60 

1.60 

2 

1.60 

3 t 

1.60 

4 

1.60 

5 



1.60 

1 
6 

1.60 

7 

1.65 

8 

. 

1.65 

1.65 

9 

1.65 
1.65 

1.65 

10 

1.65 

11 

1.80 
1.80 
1.80 

1.65 

12 

........ 

1.65 

13 

1.65 

14 

1.76 
1.70 
1.70 

1.65 

15 

1.65 

ic 

1.80 

1.65 

Dec. 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
a  1.70 
1.75 
1.75 
1.75 
1.80 
1.80 


Day. 


17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 


Sept. 

1.80 
1.70 
1.65 
1.65 
1.70 
1.70 
1.65 
1.65 
1.65 
1.65 
1.75 
1.76 
1.70 
1.65 


Oct.       Nov. 


1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.65 
1.66 
1.65 
1.60 
1.60 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.  TO 
1.70 
1.70 


Dec. 


1.80 
1.85 
1.85 
1.85 
1.85 
1.85 
1.90 
b3.00 
3.36 
2.70 
3.40 
£.60 
3.00 
•J.  50 
2.40 


a  River  frozen  from  December  11  to  23. 


b  Ice  gone  out. 


MAIIONINC;  RIVER  I>RArN^AGE  BASIN. 

Mahoning  River  rises  in  the  northwestern  part  of  Columbiana 
County,  Ohio,  flows  north,  then  turns  southeast,  entering  Ohio  River 
at  Beaver,  in  Beaver  County,  Pa.  This  river  flows  through  a  hilly 
and  impoilant  territory.  There  are  numerous  water-power  develop- 
ments on  it,  and  it  forms  an  important  adjunct  in  the  water  supply 
and  sewage  disposal  of  numerous  towns  along  its  course.     Among 
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them  is  Youngstown,  Ohio,  where  the  United  States  Geological  Surrey 
station  is  maintained.  Its  drainage  area  at  Youngstown  is  958  square 
miles. 

MAHONING   RIVER  AT  YOUNGSTOWN,  OHIO. 

This  station  was  established  May  23,  1903,  by  R.  Winthrop  Pratt, 
and  is  located  about  2  miles  below  the  center  of  the  city  of  Youngstown, 
at  the  highway  bridge  near  the  plant  of  the  Hazelton  Steel  Company. 
The  vertical  gage,  consisting  of  a  1-inch  by  6-inch  board  nailed  t4» 
stakes  driven  in  the  river  bed  15  feet  from  the  east  abutment,  wa^ 
used  up  to  September  23,  1903,  at  which  time  a  standard  chain  ga^e 
was  installed,  having  a  length  of  25.36  feet  from  the  end  of  the  weight 
to  the  marker.  The  gage  is  read  once  each  day  by  John  McVean. 
Discharge  measurements  are  made  from  the  single-span  highway 
bridge,  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  the  face  of  the  parapet  wall  of  the  east  abutment  on  the  upstream 
side.  The  channel  is  straight  for  about  800  feet  above  and  2(X>  fet^t 
below  the  bridge  and  is  200  feet  wide  between  abutments.  Both 
banks  are  high  and  are  subject  to  overflow  only  at  high  water.  Th«? 
section  is  fairly  regular  and  the  bed  of  the  stream  is  composed  of 
gravel  and  small  bowlders,  probably  not  subject  to  change. 

Bench  mark  No.  1  is  the  top  of  the  copper  plate  on  the  face  of  the 
east  abutment  near  the  upstream  corner.  It  is  9.37  feet  above  gag** 
datum.  Bench  mark  No.  2  is  the  northwest  corner  of  the  bridge  j^^at 
of  the  west  abutment.  It  is  17.12  feet  above  gage  datum.  Bench 
mark  No.  3  is  a  cut  in  the  end  stone  of  the  second  tier  from  the  top  of 
the  north  wing  wall  of  the  west  abutment.  It  is  21.34  feet  abwve 
gage  datum.  Bench  mark  No.  4  is  a  cut  in  the  top  hand  rail  at  a  point 
35  feet  from  the  east  abutment  on  the  upstream  side.  It  is  25.88  feel 
above  gage  datum.  The  elevation  of  the  center  of  the  pulley  on  which 
the  chain  of  the  gage  runs  is  23.61  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Discharge  mewturements  of  Mahoning  River  at  Youngstoumf  OhiOy  in  1904. 


Date. 


Hydrog^rapher. 


R.  W.  Pratt. 


Jan  liar  V  21  ... 

March  8 , do 

April  16 1 cU) 

Mav  18 1 do 

w  I 

July  26 j do 

August  24 1 do 

Septe!nl)er  15  . ,  | do 

November  .3 l do 


Width. 


Area  of 
section. 


Mean 
velocity. 


hei^t,       char^r 


— 

.per  sec. 

Feef. 

Sar*jnti'ff. 

2.16 

2.50 

l,4i:? 

4.50 

7.80 

7, :TJ2 

1.38 

1.86 

tm 

.56 

1.07 

'2\<4 

.45 

.80 

Ir^ 

1.04 

1.35 

4vi 

.21 

.65 

8ri 

.30 

.74 

KtN 
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Mfan  daibj  gage  htighty  in  feet,,  of  Mahoning  River  at  YonngtAown,  Ohio^  fw  1904* 


Day 


:i. 
■%. 
ft. 
<». 

4     . 

o. 

1 1. 


14. 
!.'>. 
lt>. 
17. 
\H 


19. 


20. 
21. 
•22. 
23. 
24. 

2r>. 


2f>. 


27 


2S. 
29. 

:». 
31. 


I  Jan.a 

.      1.00 

I     1-06 

J      .90 

.85 

,       .70 

.70 

.70 

'      .85 

,       .80 

.70 

.70 

80 

80 

90 

80 

70 

90 

80 

90 

20 

30 

15 

45 

00 

70 

50 

60 

50 

ao 

00 
50 


Feb.a    Mar.  ,   Apr.  ;  May. 


1. 

4. 
14. 
17. 
15. 

9. 

4. 

3. 

2. 

2. 

2. 

1. 


1.30 

1.20 

1.00 

1.10 

1.20 

1.30 

7.20 

10. 10 

10.00 

5.60 

3.50 

2.20 

1.90 

1.50 

1.30 

1.30 

1.00 

.90 

.90 

.80 

1.00 

1.60 

1.80 

2.40 

1.90 

1.50 

1.90 

.90 

1.00 


10.00 
10.00 
9.80 
9.10 
8.80 
5.20 
5.70 
7.90 
5.70 
4.00 
2.80 
2.50 
2.00 
1.90 
1.70 
1.60 
1.50 
2.70 
4.40 
4.70 
4.40 
8.40 
5.40 
4.90 
3.50 
9.20 
10.20 
8.30 
5.40 
3.50 
3.50 


13.00 
12.60 
7.00 
3.10 
2.50 
2.20 
2.20 
2.10 
2.70 
8.40 
2.70 
2.40 
2.20 
2.10 
1.90 
1.80 
1.70 
1.70 
1.60 
1.60 
1.40  I 
1.80  { 
1.20 
1.20  I 
1.50  ' 
2.50  ; 
8.70 
3.90 
4.80 
7.10 


5.40 
4.10 
3.00 
2.50 
1.90 
1.60 
1.40 
1.30 
1.80 
1.20 
1.10 
1.10 
1.00 
1.00 
1.10 
1.00 
1.10 
1.20 
3.10 
4.50 
3.30 
2.20 
1.90 
4.60 
4.70 
5.50 
10.10 
8.70 
4.40 
2.80 
3.30 


June. 

July. 
0.60 

Aug. 

Sept. 
0.88 

9.00 

0.96 

11.40 

.80 

.77 

.65 

10.10 

.80 

.81 

.62 

4.70 

.80 

.71 

.60 

2.90 

1.10 

.78 

.58 

2.20 

1.80 

.70 

.82 

1.80 

2.40 

.76 

.76 

1.50 

2.60 

.72 

.65 

1.40 

2.20 

.68 

.80 

1.40 

1.90 

.67 

.68 

1.30 

1.40 

.78 

.60 

1.20 

1.40 

.76 

.72 

1.10 

1.30 

.75 

.80 

1.00 

1.20 

.78 

.82 

1.00 

1.20 

.77 

.66 

.90 

1.20 

.75 

.61 

.90 

1.10 

.71 

.62 

.70 

1.00 

.69 

.44 

.70 

.80 

.70 

.65 

.90 

.80 

.98 

.68 

1.10 

.80 

.94 

.62 

1.40 

.70 

1.00 

.52 

1.40 

.70 

1.40 

.60 

1.80 

.60 

1.25 

.53 

1.10 

.60 

1.17 

.46 

.80 

.70 

2.05 

.72 

.80 

.85 

2.25 

.60 

.70 

.87 

1.52 

.58 

.70 

.90 

1.15 

.45 

.60 

.69 

1.02 

.41 

.61 

.98 

Oct.   I  Nov.     Dec. 


0.53 
.43  I 

.35  i 

.61 

.66 

.61 

.15 

.84 

.52  ' 

.65 

.66  ' 

.62 

.59 

.55 

.55 

.65 

.61 

.70 

.50 

.58 

.80 

.51 

.55 

.56 

.57 

.56 

.72 

.81 : 

I 
.60  , 

.64 


0.71 
.70 
.72 
.71  I 

•68 : 

.59 : 

.59  I 

.67 

.67  I 

.70  I 

.75 

.70 

.55 

.80 

.71 

.70 

.70 

.75 

.50 

.71 

.73 

.71 

.55 

.64 

.62 

.50 

.50 

.6? 

.64 

.65 


0.67 

.66 

.64 

.68 

.68 

.70 

.78 

.66 

.60 

.60 

.60 

.52 

.58 

.72 

.70 

.71 

.60 

.40 

.48 

.50 

.46 

.50 

.68 

.70 

1.00 

1.40 

2.48 

3.20 

1.81 

1.80 

1.82 


a  Ice  conditions  Januar>'  and  February. 

Rating  table  for  Mahoning  River  at  YoungntowTif  Ohio^  from  May  2Sj  190.iy  to  Deceml^er 

31,  1904. 


Gage 
height. 

Discharge. 
Second-feel. 

Gage 
hei^t. 

Feet. 

1 
Discharge.  , 

Gage 
height. 

Discharge. 
Second-feet. 

1 

Gage 
,    height. 

Feet. 

Discharge. 

FeH. 

Second-feet. 

Ptet. 

Second-feet. 

0.5 

8 

1.9 

750 

3.6 

2,010 

8.5 

9,100     ' 

.6 

52 

2.0 

^10 

3.8 

2,190 

9.0 

10, 120 

.  / 

98 

2.1 

880 

4.0 

2,390 

9.5 

11,170 

.8 

146 

2.2 

950     i 

4.2 

2,610 

10.0 

12,  240 

.9 

195 

2.3 

1,020 

4.4 

2,830 

10.5 

13,400 

1.0 

245 

2.4 

1,090 

4.6 

3,070 

'     11.0 

14,600 

1.1 

295 

2.5 

1,160 

4.8 

3,310 

11.5 

15,800    i 

1.2 

345 

2.6 

1,230     1 

5.0 

3, 550 

12.0 

17,000 

1.3 

395 

2.7 

1,300 

5.5 

4,200 

'     13.0 

19,400    ' 

1.4 

450 

2.8 

1,370 

6.0 

4,870 

14.0 

21,800 

1.5 

510 

1 

2.9 

1,450    , 

6.5 

5,620 

15.0 

24,200 

1.6 

570 

3.0 

1,530 

7.0 

6,420 

1.7 

630 

3.2 

1,690    i 

7.5 

7,270 

1.8 

690 

3.4 

1,850    , 

8.0 

8,140 
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Tlie  foregoing  table  is  applicable  only  for  open-channel  conditioiui.  It  is  ba.^ 
upon  15  discharge  measurements  made  during  1903  and  1904.  It  is  well  defineil 
between  gage  heights  0.9  foot  and  2  feet.  The  table  has  been  extended  beyond  tht*«f 
limits.  The  curve  is  very  unsatisfactory  below  0.9  foot  gage  height.  This  is  pr^}\^ 
ably  due  to  the  dam  below  this  station;  at  low  stages  the  water  may  even  fall  below 
the  crest  of  the  dam.  Above  gage  height  10.4  feet  the  rating  curve  is  a  tangent,  the 
difference  being  240  per  tenth. 

EsliincUed  monthly  discharge  of  McJioning  River  at  Youngntoi/m,  Ohio,  for  1904. 

[Drainage  area,  9^  square  miles.] 


Month. 


March 

April 

May 

June 

July 

August . . . 
September 
October  .. 
November 
December 


Discharge  in  second-feet. 


Maximum. '  Minimum. 


Mean. 


12,700 

19,400 

12,470 

15,560 

1,230 

985 

185 

151 

146 

1,690 


510 

345 

245 

52 

52 

84 

1 

0 

8 

0 


4,726 
2,615 
1,959 
1,686 
310 
236 
70.2 
47.3 
79.6 
228 


Run-off. 


Second-feet 

per  SQUare 

mile. 


4.93 

2.73 
2.04 
1.76 
.324 
.246 
.073 
.049 
.083 
.238 


Depcij  .n 
ineb«>. 


5.6S 

3.  as 

2.35 
1.96 

.TA 
.2M 

.<IM 

.274 


MUSKIXGUM  RIVER  DRAINAGE  BASIN. 

Muskingum  River  is  formed  by  the  junction  of  Walhonding*  and 
Tuscarawas  rivers  in  the  east-central  part  of  Ohio,  flows  south,  and 
enters  Ohio  River  at  Marietta,  Ohio.  In  this  drainage  basin  the 
United  States  Geological  Survey  operates  a  station  on  Licking  River 
at  Pleasant  Valley,  Ohio. 
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LICKING   RIVER  AT  PLEASANT  VALLEY,  OHIO. 

This  station  was  established  November  14,  1902,  by  Benjamin  H. 
Flynn.  It  is  located  at  the  highway  bridge,  300  feet  north  of  the  rail- 
road station  at  Pleasant  Valley,  Ohio.  A  standard  chain  gage  is 
attached  to  the  bridge.  The  length  of  the  chain  from  the  end  of 
the  weight  to  the  marker  is  20.93  feet.  The  gage  is  read  once  each 
day  by  A.  B.  Lebold.  Low- water  measurements  are  made  by  wading, 
and  high-water  measurements  from  the  bridge  to  which  the  gage  is 
attached.  The  channel  is  straight  for  200  feet  above  and  500  feet 
below  the  station.  The  banks  are  high  and  not  liable  to  overflow, 
except  in  extreme  floods.  The  bed  of  the  stream  is  composed  of 
gravel  and  clay.  Bench  mark  No.  1  is  three  copper  nails  driven 
into  a  willow  tree  about  400  feet  to  the  right  of  the  right  end 
of  the  bridge,  arranged  in  a  vertical  position,  and  having  elevations 
respectively  14.92, 15.92,  and  16.92  feet  above  the  datum  of  the  gage. 
Bench  mark  No.  2  is  a  nail  driven  into  the  outside  guard  timber  near 
the  gage  box  and  has  an  elevation  of  21.52  feet  above  the  datum  of 
the  gage. 

The  drainage  area  at  Pleasant  Valley  is  696  square  miles.     Licking 
Kiver  flows  into  the  Muskingum  at  Zanesville,  Ohio. 


Discharge  tneasurements  of  Licking  River  at  Pleasant  Valley ,  Ohio,  in  1904. 


Date. 


Hydrographer. 


R.  W.  Pratt. 


May  7 

May  23 do 

June27« I do 

July2a ' .do 

Julvl6 ! do 

August  27 do 

September  24  « .  j do 

October29«  ...' do 

November  26  « .  i do 


Width. 


Feel. 
66 
61 
74 
95 
177 
65 
53 
71 
53 

a  Wading. 


Area  of 
section. 


Mean 
velocity. 


Sq./eet. 

Ft.  per  aec 

249 

1.65 

204 

1.59 

63 

3.31 

77 

2.17 

176 

2.40 

61 

2.68 

36 

2.00 

61 

2.75 

35 

2.23 

Gage 


DIs- 


height.   I   charge. 


Feet. 

Secondrft. 

2.61 

412 

2.32 

324 

1.74 

176 

1.75 

167 

2.90 

422 

1.87 

163 

1.54 

72 

2.00 

168 

1.56 

78 

64 
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^fean  daily 

gage  fieighi, 

in  feet 

,  of  Licking 

River  al  Pleasant  \ 

^alley. 

Ohio. 

,  for  1994. 

Day. 

J  an  .a 

Feb.a 

Mar. 

Apr. 

10.80 
13.50 
7.00 
6.20 
4.80 
4.20 
8.90 
8.70 
3.80 
3.70 
3.50 
3.50 
8.40 
3.30 
8.20 
3.10 
2.90 
2.80 
2.60 
2.60 
2.50 
2.60 
2.40 
2.40 
2.40 
5.20 
6.10 
5.30 
5.40 
4.70 

May. 

4.10 
3.80 
3.50 
3.30 
8.10 
2.90 
2.80 
2.60 
2.50 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 
2.30 
2.20 
2.20 
2.40 
2.30 
2.70 
2.50 
2.30 
2.10 
2.20 
2.60 

June. 

9.00 
5.80 
4.40 
3.50 
3.00 
2.70 
2.50 
2.40 
2.30 
2.20 
2.20 
2.10 
2.00 
2.00 
1.90 
1.90 
2.00 
1.90 
1.90 
2.00 
2.00 
2.60 
2.30 
2.00 
1.90 
1.80 
1.80 
1.70 
1.90 
1.90 

July. 

1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
9.20 
14.80 
6.80 
5.30 
4.30 
3.90 
4.60 
4.00 
8.30 
3.00 
2.80 
2.60 
2.50 
2.40 
2.30 
2.80 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
3.70 
2.30 
2.10 

1 
Aug. 

Sept. 

Oct 

'  N«>v. 

2.ff» 
!     2.05 
2.10 
1     2.10 
2.10 
2.10 
1.90 
1.90 
1.60 

i.eo  ! 

l.GQ 

i.eo 

1.60 

1.60  , 

1..VS 

1.56 

1.66 

1.56 

l..V» 

l.S'=i 

1.56 

l,.vi 

1.56 

l..Vi 

1.56 

l.S.'i 

1.60 

1..50  i 

1.60  ' 

I-.tO 

I>Pf 

1. 

1 

1 

I. 

1 

1. 

1. 

1 

1 

I. 

.  t, 

1 

2.80 
2.70 
2.40 
2.20 
2.30 
2.30 
2.40 
2.40 
2.50 
2.50 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.40 
2.40 
2.50 
2.60 
14.25 
13.20 
7.80 
4.80 
4.60 
4.50 
4.50 
4.40 
4.00 
8.70 

3.40  i    4.90 

2.00 
2.20 
2.10 
2.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
2.70 
2.00 
1.80 
1.80 
1.80 
1.70 

1.80 
1.90 
1.80 
1.80 
1.80 
1.70 
L70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.55 

1.56 
1.55 
1.50 
1.50 
1.50 
1.75 
1.65 
1.60 
1.60 
1.70 
2.56 
2.06 
1.90 
1.80 
1.75 
1.70 
1.65 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.55 
1.60 
1.80 

2.oa 

2.00 

2.00 

I 

v> 

2 ! 

3 

4 

5 

6 

7 

8 

3.20 
3.00 
2.90 
2.90 
3.00 
4.70 
8.90 
5.40 
4.00 
3.20 
2.90 

4.10 
5.90 
7.70 
4.10 
8.30 
7.10 
6.50 
4.90 
8.80 
3.50 
8.30 

'#1 
-w» 

9 

^^ 

10 

11 

12 

ri.t 

13 

2.80      3.30 
2. 70       3. 10 
2.60      3.70 
2.60       3.30 
2.60       3.40 
2.50       3.50 
2.40       4.90 
2.40       4.00 

14 

15 

16 

17 

1. 

•?[J 

18 

10 

•2^ 

2i 

2.30 
8.70 
6.90 
8.70 
5.40 
3.80 
3.60 
8.60 
3.50 

3.60 
3.80 
5.80 
5.00 
8.90 
7.50 
12.20 
6.40 
4.80 
4.20 
6.60 

22 

23 

24 

25 

26 

1. 

t 

•1 
2 

•J 

tit 

27..-. 

Hit 

28 

-If! 

29 

;«• 

80 

itfi 

31 

«><i 

a  Ice  conditions  January  and  February. 


b  River  frozen  December  10  to  25. 


Bating  table  for  Licking  River  at  PleagaiU  Valley  ^  OhiOj  from  November  H,  190J,  to  Jnltf 

9,  1904. 


Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

1 
Discharge.  1 

Gage 
height. 

■ 

Dincharge. 

Gage 
height. 

Disehaifrv. 

Second-feet. 

Feet. 

1 
Second-fed.  | 

Feet. 

Second-feet. 

Feet. 

Second-fr*  t 

1.2 

72 

2.5 

375     ' 

3.8 

935     ' 

6.5 

2,  610 

1.3 

77 

2.6 

412     ! 

3.9 

985 

7.0 

2,960 

1.4 

86 

2.7 

450 

4.0 

1,035     1 

7.5 

3, 310 

1.5 

99 

2.8 

1          490 

4.2 

1,140    ' 

8.0 

3,660 

1.6 

116 

1       2.9 

530    , 

4.4 

1,250 

9.0 

4,360 

1.7 

136 

,       3.0 

570 

4.6 

1,360     ' 

10.0 

5,060 

1.8 

159 

3.1 

610    ' 

4.8 

1,480 

11.0 

5,760 

1.9 

184 

'      3.2 

655     , 

5.0 

1,600 

ilo 

6,460 

2.0 

211 

3.3 

700 

5.2 

1,725 

13.0 

7,160 

2.1 

240 

1      3.4 

745     ' 

5.4 

1,855 

14.0 

7,860 

2.2 

271 

,      3.5 

1          790    1 

5.6 

1,985 

2.3 

304 

3.6 

835 

5.8 

2,120 

2.4 

339 

3.7 

8a5    1 

1 

6.0 

2,260     : 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  uptm 
9  discharge  measurements  made  during  1902  to  1904,  inclusive. 

The  channel  changed  during  flood  July  7  to  9, 1904,  After  this  date  use  the  fol- 
lowing table. 
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Haling  table  for  Licking  River  at  Pleasant  Valley,  Ohio,  from  July  10  to  December  31, 

t904* 


hei^t. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

FeeL 

Discharge. 

Gage 
he@it. 

Discharge. 
Second-feet. 

Fed. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

Fut. 

1.4 

54 

2.2 

230 

3.0 

610 

3.8 

860 

1.5 

66 

2.3 

260 

3.1 

550 

3.9 

910 

1.6 

81 

2.4 

290 

3.2 

590 

4.0 

960 

1.7 

99 

2.5 

320 

3.3 

630 

4.2 

1,080 

1.8 

120 

2.6 

350 

3.4 

670 

4.4 

1,200 

1.9 

143 

2.7 

390 

3.5 

710 

4.6 

1,320 

2.0 

170 

2.8 

430 

3.6 

760 

4.8 

1,440 

2.1 

200 

2.9 

470 

3.7 

810 

5.0 

1,560 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
5  disc;harge  measurements  made  during  1904.  It  is  well  defined  between  gage 
heights  1.25  feet  and  3  feet.  The  table  has  been  extended  beyond  these  limits. 
Above  gage  height  5  feet  the  rating  curve  is  a  tangent,  the  difference  being  70  per 
tenth. 

Estimated  monthly  discharge  of  Licking  River  at  Pleasant  Valley,  Ohio,  for  1904. 

[Drainage  area,  696  square  miles.] 


Month. 


March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  « 


Discharge  In  second-feet 


Maximum. 


6,600 

7,510 

1,085 

4,360 

8,440 

390 

143 

335 

194 

2,120 


Minimum. 


610 

339 

240 

136 

136 

99 

74 

66 

66 

66 


-feet. 

Run-o 

Second-feet 

per  square 

mile. 

ff. 

Mean. 

Depth  in 
inches. 

1,618 

2.32 

2.68 

1,361 

1.96 

2.19 

408 

.586 

.676 

.502 

.721 

.804 

913 

1.31 

1.51 

137 

.197 

.227 

90.2 

.130 

.145 

107 

.154 

.178 

102 

.147 

.164 

277 

.398 

.459 

a  December  estimates  assumed  same  as  open  channel. 
KANAWHA  RIVER  DRAINAGE  BASIN. 

Kanawha  River,  which  rises  in  Watauga,  Ashe,  and  Alleghany  coun- 
ties, N.  C. ,  flows  northwesterly  through  Virginia  and  West  Virginia,  and 
joins  Ohio  River  at  Point  Pleasant,  W.  Va.  In  its  upper  course  it 
is  known  as  New  River.  The  headwaters  lie  in  the  Appalachian 
Mountains,  among  the  high  iridges  which  fprm  the  divides  between 
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the  drainage  basin  of  this  river  and  Yadkin  Uiver  on  the  east^  and 
of  Holston  River  on  the  west.  The  upper  tributaries  drain  narrow 
valleys  of  the  mountainous  region  of  North  Carolina  and  their  slopes 
are  generally  steep  and  their  beds  are  rough.  The  main  river  cuts 
the  Alleghany  fronts  just  below  Pearisburg,  Va. ;  thence  the  riverV 
course  is  through  a  narrow  valley  of  West  Virginia,  over  a  rough 
bed  with  many  falls  and  rapids.  The  basin  is  as  beautiful  and  pictur- 
esque as  any  in  the  eastern  part  of  the  United  States.  The  country 
on  its  lower  courses,  through  which  the  Cheasapeake  and  Ohio  Rail- 
way passes,  is  noted  for  its  scenic  beauty.  Below  the  junction  with 
the  Gauley  the  river  is  known  as  the  Kanawha. 

The  principal  tributaries  of  New  River  are  Little  River,  which  emp- 
ties near  Radford,  Va.,  and  the  Greenbrier,  which  rises  in  the  eastern 
part  of  West  Virginia  and  joins  the  New  at  Hinton,  W.  Va.  The  fol- 
lowing is  a  list  of  the  stations  maintained  during  1904  in  this  drainage 
basin  b\^  the  United  States  Geological  Survey:  New  River  at  Fayette, 
W.  Va.;  Greenbrier  River  at  Alderson,  W.  Va. ;  New  River  at  Rad- 
ford, Va. 

NEW   RIVER  AT  RADFORD,  VA. 

This  station  is  located  at  the  highway  bridge  near  the  Norfolk  and 
Western  Railway  station,  and  was  established  by  D.  C.  Humphreys 
August  1,  1898.  The  gage  used  at  first  was  erected  hy  the  LTnited 
States  Weather  Bureau.  It  consists  of  a  vertical  board  gi-aduated  to 
feet  and  tenths,  and  is  attached  to  the  iron  framework  connecting  the 
pair  of  iron  concrete  cylinders,  which  form  the  first  pier  from  the  right 
bank.  On  account  of  the  inaccessibility  of  the  Weather  Bureau  gage, 
a  wire  gage  was  put  in  February  23,  1900,  the  datum  being  the  same 
as  that  of  the  old  gage.  On  Deceml)er  1,  1903,  the  old  wire  gage  wa*- 
replaced  by  a  standard  chain  gage,  which  was  installed  by  W.  C.  Saw- 
ye,\\  At  this  time  the  gage  datum  was  lowered  3.41  feet.  The  length 
of  the  chain  from  the  end  of  the  weight  to  the  marker  is  87  feet.  The 
observer  is  T.  M.  Brad}^  saddler  and  harness  dealer,  who  reaAs  the 
gage  twice  daily.  The  channel  is  straight  for  several  hundred  feet 
above  and  below  the  station  and  has  a  width  of  580  feet  at  ordinarv 
stages,  broken  by  five  piers.  At  high  water  its  width  is  about  1,2<«> 
feet.  The  bottom  is  of  solid  rock  and  gravel  and  is  smooth  and  regu- 
lar. On  the  left  bank  there  is  a  steep,  rocky  bluff.  The  right  bank 
is  low  and  subject  to  overflow  for  about  100  yards,  but  all  the  water 
must  pass  under  the  bridge,  which  is  about  85  feet  above  low  water. 
The  discharge  measurements  are  made  from  the  upstream  side  of  the 
bridge.  The  initial  point  for  soundings  is  on  the  right  bank  of  the 
river,  50  feet  from  the  first  pier. 

The  bench  marks  described  below  are  all  referred  to  the  datum  of 
the  chain  gage.  Bench  mark  No.  1  is  the  bottom  of  the  lowest  hori- 
zontal brace  connecting  the  two  cylinders;  elevation,  7,28  feet     Bench 
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mark  No.  2  is  the  top  of  the  lowest  horizontal  brace  on  the  west  side 
of  the  bridge,  2.5  feet  south  of  the  northwest  post  of  the  bent  nearest 
the  river  on  the  right  bank;  elevation,  22.66  feet.  Bench  mark  No.  3 
is  the  northwest  corner  of  the  top  of  the  stone  under  the  seventh  post 
from  the  right  bank;  elevation,  18.58  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  New  River  at  Radford^  la.,  in  1904* 


Bate. 


Hydrographer. 


June  18 F.  H.  Brundage 

September  16.  J  R.  H.  Bolster  .. 

September  29 -. ' do 

October  18 do  .... 


Width. 

630 
520 
620 
518 


Area  of  I       Mean 
section.  |    velocity. 


Sq./eet. 
1,833 
1,411 
1,330 
1,280 


Ft.  per  tec. 

1.87 

1.10 

.88 

.75 


Gage 
height. 


Dis- 
charge. 


/Vrt.       Second-ft. 
4.07  I      3,436 
3. 40         1, 653 
3.24         1,177 
3. 14  954 


Mean  daily  gage  height^  infeety  of  New  River  at  Radford^  Va,,  for  1904. 


Day. 


Jan.     Feb.  I  Mar. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


3.60 
3.70 
3.60 
3.40 
3.40 
3.30 
3.30 
3.40 
3.40 
3.40 
3.40 
3.50 
3.50 
8.50 
8.50 
8.60 
8.40 
8.40 
3.40 
8.60 
8.50 
8.80 
5.40 
4.80 
4.30 
8.80 
3.60 
8.40 
3.20 
2.90 
3.10 


3.40 
3.60 
3.50 
3.60 
3.70 
8.70 
4.00 
4.80 
4.80 
4.50 
4.20 
3.50 
3.50 
3.20 
8.60 
3.60 
8.80 
3.80 
8.70 
8.30 
8.60 
4.50 
5.30 
4.90 
4.40 
3.90 
3.90 
3.80 
4.10 


4.20 
4.30 
4.20 
4.20 
4.20 
4.10 
4.00 
7.40 
5.50 
5.00 
4.60 
4.40 
4.40 
4.30 
4.20 
4.00 
3.80 
3.80 
8.30 
8.70 
8.70 
8.70 
8.60 
8.90 
4.90 
4.70 
4.70 
4.60 
4.40 
4.20 
4.00 


Apr. 


May. 


4.10 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
8.80 
8.80 
4.20 
i.lO 
4.00 
4.00 
8.90 
4.00 
3.80 
8.70 
8.70 
3.60 
8.60 
3.60 
3.60 
3.60 
8.50 
3.60 
8.60 
3.70 
8.90 
4.00 
3.90 


4.00 
3.80 
3.70 
3.70 
4.50 
4.40 
4.10 
4.00 
4.00 
5.50 
4.80 
4.40 
4.10 
8.90 
8.90 
4.10 
4.10 
4.20 
6.80 
5.20 
4.90 
4.70 
4.60 
4.30 
8.90 
4.00 
4.00 
3.90 
3.80 
3.60 
3.60 


June. 


Aug.  I  Sept. 


4.80 

6.50 

5.70 

2.90  : 

2.90 

3.30 

4.10  1 

4.20  ' 

4.30  , 

4.00 

8.80  i 

4.00 

4.20 

4.00 

3.80 

4.30 

4.00 

4.00 

4.00 

4.50 

4.10 

8.90 

3.80 

3.70 

3.60 

3.70 

8.90 

3.70 

5.90 

5.40 


4.70 
4.30 
4.10 
3.90 
4.00 
4.10 
4.10 
3.90 
3.80 
4.00 
4.30 
4.00 
3.80 
8.60 
3.60 
8.60 
3.50 
3.50 
8.40 
8.40 
3.30 
8.30 
8.60 
3.60 
3.70 
3.80 
3.80 
3.90 
4.00 
4.50 
4.10 


3.70 
4.00 
4.30 
4.40 
4.30 
4.60 
4.00 
8.90 
4.10 
4.20 
4.70 
4.60 
4.20 
4.00 
8.90 
8.90 
8.90 
8.80 
8.70 
3.60 
3.60 
3.60 
8.70 
8.60 
8.60 
3.50 
8.50 
8.60 
3.40 
3.40 
8.30 


Oct.   I  Nov. 


Dec. 


3.30 

3.70 

3.80 

3.80 

3.60 

3.50 

3.30 

3.80 

3.40 

3.80 

3.30 

3.80 

8.30 

8.30 

3.30 

3.30 

3.30 

3.30 

8.80 

8.30 

8.20 

8.20 

8.20  I 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20 


3.20 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
8.10 
3.10 
3.10 
3.10 
3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
8.00 
8.00 
3.00 
8.00 
8.00 
3.00 
3.10 
3.10 
8.10 
3.10 
3.10 
8.10 


8.10 

8.10 

3.20 

3.20 

8.20 

3.30 

8.60 

8.40 

8.30 

3.20 

3.10 

3.10 

3.50 

8.70 

3.60 

8.50 

3.50 

3.40 

3.40 

3.40 

3.30 

3.80 

8.20 

3.20 

3.20 

3.20 

3.20 

3.20  ^ 

3.20  ' 

3.20  I 


8.20 
3.20 
3.20 
3.40 
3.40 
3.70 
4.10 
3.70 
3.60 
3.60 
3.60 
3.50 
3.40 
3.40 
8.30 
3.20 
8.20 
3.40 
3.20 
8.10 
3.10 
8.10 
8.10 
3.80 
8.60 
3.60 
3.50 
3.60 
3.50 
3.40 
3,30 
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Rating  table  for  New  River  at  Radford^  Va.y  from  January  I  to  Dereniber  SI,  2S^. 


Gage 
height. 


heght.   1  m^hame. 


Ffet. 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

Gago 
height. 


Second-feet. 
3,220 
3,  540 
3,870 
4,205 
4,550 
4,905 
5, 270 
5,645 
6, 030 . 
6, 425 


fi'ct. 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 


DiMcharge. 

Srcond-/eeL 
6,a30 
7,  245 
7, 670 
8,110 
8,560 
9,020 
9,490 
9, 975 
10, 470 
10, 980 


Ga«e 
height. 


Feet. 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 


7.4 


0b<rhaigt'. 
Sertmd'Jrti. 

ll,50f» 
12,550 
13,610 
14,660 
15,  7«i) 
16, 910 
18.050 
19,200 


The  above  table  is  applicable  only* for  oi)en-chaniiei  (H)ndition8.  It  is  bafiied  n|«>i; 
discharge  measarementa  made  <iuriiig  1898  to  1904,  inclusive,  special  weight  Umh? 
given  to  1904  measurements.  It  is  well  defined  l)etween  gage  heights  3  feet  aLi: 
4.1  feet. 

Estimated  monthly  discharge  of  New  Ritier  at  Radford,  la.,  far  1904. 

[Drainage  area,  2,725  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Dischai 

rge  iu  second- 

feet. 

Run-off. 

Set-ond-feel 

DepTh  in 
in**!-*-*. 

Maximum. 

Minimum. 
485 

Mean. 
2,114 

per  muare 
mile. 

8,560 

0.776 

0.  S'to 

8,110 

1, 105 

3,150 

1.16 

1.:^ 

19,200 

1,325 

4,525 

1.66 

1.91 

3,870 

1,800 

2,689 

.987 

1. 10 

13,080 

2,055 

4,217 

1.55 

1.79 

14,150 

485 

4,071 

1.49 

1.66 

5,645 

1,325 

2,802 

1.03 

1.19 

5,645 

1,325 

2,941 

1.08 

1.24 

2, 610 

i,ia5 

1,418 

.520 

.5si 

1,105 

690 

816 

.299 

.a4S 

2,325 

895 

1,340 

.492 

.fA^ 

3,540 

895 
485 

1,570 

.576 
.968 

.♦k»4 

19,200 

2,638 

13.17 

NEW   RIVER  AT   FAYETTE,  W.  VA. 

This  station,  established  by  C.  C.  Babb  and  D.  C.  Humphreys  July 
29,  1895,  is  located  just  below  the  mouth  of  Wolf  Creek,  on  the  high- 
way bridge  of  one  span  at  Fayette,  W.  Va.  The  wire  gage  was  located 
on  the  guard  rail  on  the  upper  side  of  the  bridge,  about  the  middle  of 
the  span,  the  scale  being  graduated  to  feet  and  tenths.  The  gage  is 
referred  to  four  bench  marks:  First,  the  top  of  the  bottom  plate  i>f 
the  lower  plate  girder  at  the  end  of  the  first  panel  from  the  right  hank, 
downstream  side,  55.13  feet  above  the  zero  of  the  gage;  second,  the 
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top  of  the  lower  end  of  the  coping  on  the  main  pier,  right  bank,  down- 
stream side,  52.08  feet  above  the  zero  of  the  gage;  third,  the  bridge 
seat  on  the  right  bank,  downstream  side,  54.64  feet  above  the  zero  of 
the  gage;  fourth,  the  West  corner  of  the  abutment  stone  by  the  Chesa- 
peake and  Ohio  Railway  station,  58.56  feet  above  the  zero  of  the 
gage.  A  temporary  bench  mark,  established  when  the  chain  gage 
was  installed,  is  the  top  of  the  bottom  plate  of  the  plate  girder  0.5  foot 
south  of  the  gage  box.  Its  elevation  is  52.57  feet  above  gage  datum. 
The  channel  is  straight  above  and  below  the  station.  The  current  is 
swift  and  without  obstructions,  except  for  immense  bowlders  in  the 
bottom.  The  banks  are  high,  rocky,  and  not  subject  to  overflow. 
The  bed  is  constant  in  section.  The  observer  is  J.  R.  Durrett,  a  clerk 
in  the  store  at  Fayette,  W.  Va.  The  station  was  discontinued  May  22, 
1901.  On  August  11,  1902,  it  was  reestablished.  On  November  20, 
1903,  a  standard  chain  gage  was  installed  by  W.  C.  Sawyer.  It  occu- 
pies the  same  position  as  the  old  wire  gage,  which  it  replaced,  and  it 
has  the  same  datum.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker  is  59  feet.  The  station  was  discontinued 
December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Mean  daily  gage  height^  infeeiy  of  Neiv  River  at  Fayette ^  W.  Va.yfor  1904- 


1 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

4.20 
4.  HO 
5.80 
4.80 
4.20 
3.70 
3.60 
8.40 
3.40 
3.40 
4.10 
3.80 
3.70 
3.50 
3.50 
8.60 
3.50 
3.40 
3.30 
3.10 
3.00 
2.70 
2.50 
2.50 
2.60 
2.80 
5.30 
10.30 
10.30 
8.60 

May. 

7.20 
6.10 
5.20 
4,70 
5.00 
4.50 
5.10 
4.50 
4.00 
4.00 
4.80 
5.20 
4.30 
3.80 
3.40 
3.30 
3.40 
3.80 
8.30 
13.30 
10.10 

(«) 

6.60 

6.10 

6.80 

6.20 

5.80 

5.40 

4.50 

4.00 

8.90 

June. 

3.80 
5.00 
9.30 
9.50 
7.40 
5.90 
4.90 
4.30 
4.00 
4.10 
4.20 
4.00 
3.70 
4.40 
3.40 

(«) 

3.07 

S.ll 

3.05 

3.10 

3.68 

8.50 

8.10 

2.82 

2.50 

2.05 

1.99 

3.56 

6.10 

6.15 

July. 

Aug. 

2.59 
1.81 
1.60 
3.12 
2.70 
3.40 
2.55 
3.41 
2.30 
2.20 
2.30 
2.40 
3.56 
3.16 
2.65 
2.10 
1.95 
1.56 
2.35 
■   2.00 
2  00 
1.75 
1.55 
1.55 
1.45 
1.20 
1.05 

.a5 

.75 
.65 
.50 

Sept. 

Oct. 

-0.08 

-  .12 

-  .19 

-  .27 

-  .35 

(") 

-  .41 

-  .50 

-  .54 

-  .41 

-  .45 

-  .45 

-  .37 

-  .27 

-  .37 
-.29 

-  .37 
-.42 

-  .42 
.46 

-  .14 

-  .37 

-  .42 

-  .21 

-  .87 

-  .37 

-  .87 

-  .17 

-  .33 

-  .20 

-  .29 

Nov. 

-0.31 
-  .25 

-  .23 

-  .04 

-  .04 

-  .06 
.06 
.68 
.86 
.59 
.31 
.11 
.09 
.24 
.32 
.60 

1.23 
.99 
.76 
.57 
.44 

-.46 
.50 
.89 
.85 
.40 
.25 
.30 
.25 
.08 

Dec. 

1 

1.60 
1.90 
1.90 
1.90 
1.80 
1.90 
1.90 
1.60 
1.40 
1.00 
1.30 
1.80 
1.40 
1.20 
1.10 
.90 
.80 
.70 
.70 
1.00 
1.70 
2.00 
5.30 
9.90 
7  40 
5.50 
4  00 
2.80 
2.20 
1  70 
1.40 

1.20 
1.10 
1.60 
1.50 
2.00 
2.40 
2.60 
4.40 
8.00 
7.00 
5.00 
3.70 
2.80 
2.10 
2.30- 
1.70 
1.60 
1.60 
1.70 
1.70 
2.30 
5.10 
10  50 
9.20 
7.80 
6.40 
5.10 
4.80 
6.00 

8.00 
9.50 
8.20 
7.50 
7.00 
6.10 
5.90 
10.00 
12.20 
9.20 
7.30 
6.40 

(«) 

5.70 

5.30 

5  20 

4.90 

4  40 

4  00 

4.00 

3.80 

3.70 

5.00 

7.30 

7.30 

7.60 

6.90 

6.30 

5.80 

5.10 

4.60 

8.33 
7.17 
4.65 
4.04 
3.42 
3.01 
3.65 
3.10 
3.30 
2.86 
3.6C 
3.97 
3.33 
2.66 
2,15 
1.60 
1.50 
1.46 
1.27 
1.02 
.86 
.81 
.60 
1.27 
1.01 
1.45 
1.72 
1.90 
2.17 
2.30 
3.86 

0.65 

.75 

.75 

1.60 

2.25 

1.75 

1.50 

1.10 

.56 

.66 

.65 

.40 

.52 

.40 

.32 

.88 

.40 

.36 

.35 

.26 

.17 

.04 

.00 

.00 

-.04 

-.05 

-.06 

-.15 

-.08 

-.06 

0.05 

2 

.06 

3 

.10 

4 

.15 

ft 

.25 

6 

1.00 

7 

1.88 

8 

2.70 

9   

2.69 

10   

11 

2.03 
1.86 

12 

1.66 

13 

1.36 

14 

.77 

\ri          

.73 

16 

.70 

17 

.00 

l.H 

1.11 

19 

.66 

■20 

.91 

21 

.95 

22 

.85 

2:j 

.73 

24 

.80 

'2.^ 

26 

1.12 
1.16 

27 

(«) 

28 

3.22 

29 

2.96 

30 

2.T2 

31 

2.37 

aO 

bservei 

'  absent 

1 

A 
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Eslimaied  monifUy  discharge  of  New  River  at  Fayette,  W.  T'a.,  for  1904- 

[Drainage  area,  6,200  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

I>ecember 

The  year 


Discharge  in  Hecond-feet. 


Uaximam. 


22,800 

24,600 

29,700 

24,000 

33,000 

21,600 

18,090 

6,530 

4,022 

1,192 

2,362 

5,866 


Minimum. 


1,755 
2,190 


Mean. 


Run-off. 


Second-feet    ' 
per  so  uare     I 
mile. 


4,519 
7,790 


r 


6, 806     13, 340 
4,479  !     8,229 


33,000 


984 


6,021 

11,070 

3,566 

8,321 

1,665 

5,133 

1,580 

3,746 

1,155 

1,698 

984 

1,070 

1,075 

1,484 

1,240 

2,646 

0.729 
1.26 
2.15 
1.33 
1.79 
1.34 
.828 
.604 
.274 
.173 
.239 
.427 


inelM«. 


0.840 

1.3R 

2.4> 

1.4S 

2.  UK 

1.50 

.4ve 


5,754 


929 


12.  tU 


Note. — The  above  estimate  can  only  be  considereil  as  approximate.     It  is  Ims^i 
upon  the  1902  rating  table  with  some  modification  below  2  feet  gage  height. 

GREENBRIER  RIVER   AT  ALDERSON,  W.  VA. 

Greenbrier  River  rises  on  the  western  slope  of  the  Allegheny  Moun- 
tains, in  Pocahontas  County,  W.  Va.,  and  flows  in  a  southwesterly 
direction,  empt3nng  into  New  River  near  Hinton,  Summers  County, 
W.  Va.  It  receives  many  short  tributaries  from  the  Allegheny  Range, 
and  flows  for  the  most  part  through  a  broken,  hilly,  and  niountainou-^ 
country  well  covered  with  forests.  This  station,  which  is  21  miles 
above  Hinton,  was  established  by  C.  C.  Babb  and  D.  C.  Humphreys 
August  1,  1895.  It  is  located  one-half  mile  above  the  mouth  of 
Muddy  Creek,  at  the  highway  bridge  in  the  village  of  Alderson.  The 
wire  gage  which  was  originally  installed  was  located  in  the  third  panel 
of  the  second  span,  downstream  side  of  the  bridge.  This  gage  wa.-^ 
referred  to  three  bench  marks:  The  first,  on  the  upper  end  of  the  cop- 
ing of  the  first  pier  from  the  left  bank,  21.74  feet  above  gage  datum: 
the  second,  on  the  upper  end  of  the  bridge  seat  of  the  left-bank  abut- 
ment, 21.61  feet  above  gage  datum;  the  third,  on  the  stone  founda- 
tion of  the  water  tank  of  the  Chesapeake  and  Ohio  Railway,  23.48  feet 
above  gage  datum.  A  temporary  bench  mark  has  been  established  on 
the  lower  end  of  the  third  floor  beam,  in  the  second  span  from  the  left 
bank.     Its  elevation  is  22.72  feet  above  gage  datum.     On  November 
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20,  1903,  a  standard  chain  gage  was  installed  bj^  W.  U.  Sawyer.  It 
occupies  the  same  position  as  the  wire  gage  which  it  replaced,  and  its 
datum  is  the  same.  The  length  of  the  chain  from  the  end  of  the  weight 
to  the  marker  is  27.81  feet.  A  new  bench  mark,  to  which  this  gage  is 
referred,  is  the  top  of  the  water  table  at  the  northwest  corner  of  the 
Merchants'  Grocery  Company  building.  Its  elevation  is  21.71  feet 
above  gage  datum.  The  channel,  which  is  straight  for  600  feet  above 
and  below  the  station,  is  broken  at  the  bridge  by  three  piers.  At  low 
stages  the  water  flows  in  two  channels,  between  which  is  an  island  600 
feet  long  and  75  feet  wide.  The  initial  point  for  soundings  is  the 
center  of  the  pin  on  the  downstream  side  of  the  bridge,  on  the  left 
bank.  The  banks  are  high  and  not  subject  to  ovei*flow.  The  bed  is 
of  rock  and  gravel  and  fairly  constant.  The  observer  is  W.  J.  Han- 
cock, merchant  at  Alderson,  W.  Va.,  who  reads  the  gage  once  daily. 
The  observations  at  this  station  during  1904  have  been  made  under, 
the  direction  of  N.  C.  Grover,  district  hydrographer. 

Discharge  measurements  of  Greenbrier  River  at  Alderson,  W.  Tin.,  in  1904. 


Date. 


June  lt5 

August  9 

September  20 . 

October  1 

October  20 


Hydrographer. 


F.  H.  Bnindage 
N.  C.  Grover.. - 
R.  H.  Bolster.. 

do 

do 


Area  of 
section. 

Mean 
velocity. 

/T.  per.  sec. 

Gage 
height. 

Sq.feet. 

390 

1.26 

2.20 

256 

.57 

1.72 

261 

.45 

1.63 

196 

.26 

1.44 

217 

.35 

1.51 

Dis- 
charge. 


SecondrJL 

490 

146 

114 

51 

76 
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^fean  daily  gage  heighty  infeety  of  Greenbrier  River  at  AldergoUj  W.  Va.,  for  J 904- 


Day. 

Jan. 

Feb. 

2.35 
2.42 
3.20 
1.98 
2.10 
1.90 
2.20 
5.25 
4.50 
3.60 
3.20 
2.80 
2.65 
2.45 
2.32 
2.50 
2.90 
2.10 
2.00 
2.40 
2.45 
5.10 
5.90 
4.60 
4.45 
8.75 
3.25 
2.95 
3.55 

Mar. 

4.65 
5.60 
4.70 
4.40 
3.45 
3.65 
3.40 
6.10 
5.30 
4.35 
3.70 
3.60 
3.50 
3.30 
3.25 
3.40 
3.10 
3.00 
2.90 
2.90 
2.85 
2.85 
3.75 
5.30 
4.40 
3.86 
3.66 
3.45 
3.20 
2.95 
2.85 

Apr. 

3.30 
4.20 
4.10 
3.70 
3.35 
3.10 
3.00 
2.95 
2.95 
3.00 
3.00 
3.00 
2,95 
2.95 
2.90 
2.80 
2.80 
2.75 
2.65 
2.65 
2.60 
2.55 
2.45 
2.40 
2.35 
2.45 
3.45 
5.70 
5.00 
4.45 

May. 

3.90 
3.60 
3.40 
3.60 
3.80 
3.10 
3.00 
2.90 
2.80 
2.75 
2.65 
2.65 
2.55 
2.45 
2.45 
2.50 
2.55 
2.65 
7.80 
5.85 
4.75 
4.45 
3.65 
3.45 
3.45 
3.35 
3.20 
3.05 
2.85 
2.75 
2.80 

June. 

July. 

2.70 
2.50 
2.35 
2.25 
2.25 
2.25 
2.20 
2.20 
2.20 
2.15 
2,10 
2.20 
2.00 
2.00 
1.95 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.76 
1.70 
1.80 
1.80 
1.86 
1.80 
1.75 
1.75 

Aug. 

Sept. 

Oct. 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.45 
1.60 
1.00 
1.66 
1.60 
1.50 
1.60 
1.50 
1.45 
1.45 
1.40 
1.60 
1.60 
1.50 
1.50 
1.60 
1.45 
1.40 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 

Nor. 

1.60 
1.55 
1.45  > 
l.» 
1.56 
1.50 
1.40 
1.50 
1.45 
1.40 
1.40  ! 
1.60 
1.60 
1.60 
1.60 
1.60  ' 
1.60 
1.60 
1.60 
1.60 
1.55 
1.60 
1.60 
1.60 
1.60 
•  1.60 
1.60 
1.60 
1.60 
1.55 

!)«•. 

1 

1.88 
1.90 
2.27 
2.67 
2.93 
2.60 
2.32 
2.20 
2.22 
2.20 
2.10 
2.06 
2.00 
1.97 
1.90 
2.15 
2.12 
2.08 
1.92 
1.85 
1.90 
2.20 
7.70 
5.40 
4.00 
3.25 
3.08 
8.10 
3.15 
2.90 
2.63 

3.00 
3.60 
4.40 
5.25 
3.76 
3.15 
3.00 
2.85 
2.75 
2.65 
2.60 
2.60 
2.45 
2.35 
2.25 
2.20 
2.25 
2,20 
2.15 
2.15 
2.10 
2.10 
2.25 
2.15 
2.20 
2.10 
2.20 
2.40 
2.50 
2.86 

1.75 
1.70 
1.60 
1.60 
1.70 
1.76 
1.80 
1.80 
1.70 
1.70 
1.70 
1.75 
1.65 
1.75 
1.70 
1.65 
1.65 
1.70 
1.70 
1.70 
1.75 
1.80 
1.70 
1.80 
1.80 
1.70 
1.65 
1.60 
1.60 
1.55 
1.55 

L55 
1.60 
1.55 
1.55 
1.56 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.60 
1.60 
1.65 
1.^ 
1.50 
1.66 
1.60 
1.65 
1.80 
1.50 
1.60 
1.66 
1.50 
1.50 
1.60 
1.60 
1.50 
1.40 

L'*? 

'» 

l.n<} 

3 

l.t'ii 

4 

1.'* 

5 

l.^'^ 

6 

l.Tl' 

7 

1.* 

8 

1.*'^ 

9 

l.<i 

10 

1.7^ 

11 

1. 71' 

12 

l.r>- 

13 

l.tS^ 

14 

l-Tt 

15 

1.75 

16 

1.T5 

17 

L60 

18 

1.(9 

19 

l.«0 

20 

i.7e 

21 

1  65 

22 

1  & 

24 

~1  «* 

26 

1.T5 

26 

i4n 

27 

X3U 

28 

3L-A> 

29 

3.:(l 

30 

is5 

31 

i* 

Rating  iahfefor  Greenbrier  River  at  Alderson,  W.  Va.,  from  January  /,  1903y  to 

December  Sly  1904. 


Gage 
height. 

DIacharge. 

Gage 
height. 

Fed. 

t 
Discharge.  1 

1 

Gage 
height 

1 

Dischaige. 

Gage 
height. 

Discharge. 

F\eet. 

Secoiui-feet. 

Second-fed, 

/brt. 

Second-fed. 

Fed. 

Secomd-fed. 

1.4 

46 

2.6 

1,000 

3.8. 

3,440 

6.0 

9,300 

1.5 

70 

2.7 

1,160 

3.9 

3,680 

6.5 

10,830 

1.6 

101 

2.8 

1,330 

4.0 

3,920 

7.0 

12,400 

1.7 

140 

2.9 

1,510 

4.2 

4,400     i 

7.5 

14,000 

1.8 

188 

3.0 

1,700 

4.4 

4,890 

8.0 

15,600 

1.9 

246 

3.1 

1,900 

4.6 

5,390 

8.5 

17,270 

2.0 

315 

3.2 

2,110 

4.8 

5,900 

9.0 

19,000 

2.1 

396 

3.3 

2,320 

5.0 

6,420 

9.5 

20,700 

2.2 

490 

3.4 

2,540 

5.2 

6,960 

10.0 

22,500    , 

2.3 

598 

3.5 

2,760 

5.4 

7,530 

10.5 

24,400 

2.4 

720 

3.6 

2,980 

5.6 

8,110 

11.0 

26,500 

2.5 

855 

3.7 

3,210 

5.8 

8,700 
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The  preceding  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
discharge  measurements  made  during  1897  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  1.4  feet  and  2.4  feet,  being  determined  between  these  limits  by 
1903  and  1904  measurements.  Above  2.4  feet  the  table  is  fairly  accurate  to  6  feet, 
being  determined  above  6  feet  by  three  measurements  made  in  1897.  Above  9  feet 
the  table  is  the  same  as  the  1902  table. 

Estimated  monlhly  discharge  of  Greenbrier  River  at  Alderson,  W.  Va.yjar  190S  and  1904, 

[Drainage  area,  1,344  square  miles.] 


Month. 


1903. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . 

1904. 

January  

February 

March 

April 

Mav 

June 

July 

August 

September 

October 

November 

December 

The  year  . 


Dbichaige  In  second-feet. 


Maximnm. 


22,290 

23,620 

30,700 

9,600 

2,540 

8,400 

2,386 

788 

301 

246 

246 

490 


30,700 


Minimum. 


14,640 

9,000 

9,600 

8,400 

14,960 

7,100 

1,160 

188 

188 

101 

101 

2,320 


577 

1,700 

1,160 

1,900 

315 

396 

128 

58 

79 

101 

70 

101 


58 


217 

246 

1,420 

659 

788 

396 

140 

86 

46 

46 

46 

70 


Mean. 


14,960 


46 


3,711 

6,567 

6,063 

3,298 

864 

1,702 

754 

239 

161 

149 

150 

183 


1,987 


1,529 
2,247 
3,515 
2,219 
2,715 
1,328 
352 
141 
86.4 
60.5 
83.4 
412 


1,224 


Run-off. 


Second-feet 

per  square 

mile. 


2.76 
4.89 
4.51 
2.45 
.643 
1.27 
.561 
.178 
.120 
.111 
.112 
.136 


1.48 


1.14 
1.67 
2.62 
1.65 
2.02 
.988 
.262 
.105 
.064 
.045 
.062 
.307 


Depth  in 
inches. 


.911 


3.18 
5.10 
5.20 
2.73* 
.741 
1.42 
.647 
.205 
.134 
.128 
.125 
.157 

19.77 


1.31 
1.80 
3.02 
1.84 
2.33 
1.10 
.302 
.121 
.071 
.052 
.069 
.354 

12.37 
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SCIOTO  RIVER  DRAINAGR  BA8IX. 

Scioto  River  rises  in  the  eastern  part  of  Auglaize  Couot^',  Ohio, 
flows  east  for  about  40  miles  and  then  almost  due  south,  entering  the 
Ohio  at  Portsmouth.  Below  Columbus,  where  it  is  joined  by  the 
Olentangy,  it  is  one  of  the  largest  and  most  important  streams  in  the 
State.  The  United  States  Geological'  Survey  maintained  stations  on 
both  Scioto  and  Olentangy  rivers  at  Columbus  for  the  purpose  of 
studying  the  water  supply  and  sewage  disposal  of  that  city.  The  river 
has  considerable  fall  and  flows  through  a  hilly  basin,  forming  numer- 
ous good  locations  for  water-power  developments.  Its  drainage  area 
at  Columbus  is  1,051  square  miles. 

SCIOTO   RIVER   NEAR   C50LUMBUS,  OHIO. 

This  station  was  originally  established  for  the  Ohio  State  board  of 
health  by  B.  F.  Flynn,  on  the  Grand  View  Avenue  Bridge,  3  miles 
northwest  of  Columbus  post-office,  and  was  reestablished  on  the  same 
bridge  by  R.  W.  Pratt,  on  November  21, 1903.  This  bridge  is  a  two- 
span  iron  highway  bridge,  250  feet  between  abutments.  The  initial 
point  for  soundings  is  the  face  of  the  easterly  abutment  on  the  down- 
stream side,  and  the  bridge  is  marked  every  10  feet  with  double  naiU. 
The  main  channel  is  straight  for  about  100  feet  above  and  200  feet 
below,  and  there  is  a  email  island  150  feet  above,  which  causes  a  side 
channel  to  enter  the  main  channel  at  this  point.  The  banks  are  high 
and  only  ovei'flow  in  extreme  floods.  At  low  water  the  river  is  slug- 
gish, but  can  be  waded  at  several  points  below  the  bridge,  where  good 
measurements  can  be  obtained.  The  following  bench  marks  have  l>een 
established: 

Bench  mark  No.  1  is  the  upper  side  of  the  upper  angle  iron  fomnng 
the  lowest  part  of  the  hand  rail  above  a  point  1  foot  east  of  the  pulley. 
This  point  is  34.02  feet  above  the  zero  of  the  gage.  Bench  mark  No. 
2  is  the  extreme  northeast  corner  of  the  north  stone  of  the  parapet 
wall  of  the  east  abutment,  the  elevation  of  which  is  34.32  feet  atove 
the  zero  of  the  gage.  Bench  mark  No.  3  is  a  nail  in  a  telegraph  |K)le 
10  feet  east  of  the  east  abutment  at  the  north  side,  having  an  elevation 
of  34,95  feet  above  the  zero  of  the  gage.  The  gage  established  bv 
Mr.  Pratt  has  its  zero  at  the  same  elevation  as  the  gage  which  was 
established  by  Mr.  Flynn.  It  consists  of  a  regulation  chain  and  weight, 
with  a  length  of  30.40  feet  from  the  end  of  the  weight  to  the  end  of 
the  last  copper  link,  which  is  used  as  the  marker. 

The  observations  at  this  station  during  1904  have  l)een  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 
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Discharge  \ 

SOIOTO  »IVE»  DAaIKAGE   BA91N. 
>neasuremeni»  of  Scioto  River  near  f'olumbus,  Ohio^ 

in  1904. 

75 

Dato. 

- 

Hydrographer. 

Width. 

36 
225 
246 

Area  of     '  Mean  veloc- 
flection.     |         ity. 

Gage 
height. 

DiNchaige. 

January  18  ^ 
January  22  <" 
February  29  ^ 
March  4 

R.  W.  Pratt. . 
do 

Sq.feet. 
39 

Oy    04'l 

2,187 

3,373 

3,426 

2,247 

278 

571 

317 

207 

68 

78 

75 

10.5 

13.5 

1 
Ft.  per  ^c. 

1.31       ' 

5.43 

2.66  ' 

3.98 

5.66 

Feet. 

^9.70 

23.40 

17.60 

20.40 

23.40 

18.00 

9.81 

11.14 

9.87 

9.12 

9.12 

9.04 

9.10 

8.89 

9.08 

ife(w 

18, 

5, 
13, 

19, 

9, 

ndjl- 
51 

120 

do 

827 

do 

228  ' 

400 
400 
691 
210 

March  26 . . . 

(In 

233 
235 
123 
180 

April  4 



do 

4.31 

Mav  14 

do 

.76 

June  3 

do 

1.62 
.76 
.24 
.81 
.46 

927 

July  21 

do 

132 

241 

August  6 

do 

100 
84  1 
91 
77 
15 
16 

50 

August  e*' 

do 

55 

Seotember  S*'  - 

do 

36 

Oi!tol)er22^'. 

do 

.47 

35 

Novemljer  19 

a , 

do 

do 

1.36 
1..S3 

14.3 

December  16 

18 

•  •  • 

""i             "   1 

1 
* 

a  Wading  600  feet  above  bridge. 

b  Ice  caused  gage  to  read  about  0.50  too  hlgt 

Mean  daily  gage  height^  in  feet,  of  ScioU 

<•  Ice  and  debris. 
1.                d  Wading  800  feet  above  bridge. 

7  River  near  ColumbuSf  Ohio,  for  1904 

1 

Day. 

Jan. a 

FVb.a 

14.10 
13.30 
11.90 
11.95 
11.95 
12.76 
17.95 
16.15 
14.85 
14.35 
13.60 
12.50 
12.40 
14.15 
14.36 
13.30 
13.16 
12.70 
12.40 
12.50 
12.35 
15.50 
15.16 
15.40 
14.55 
13.85 
13.65 
13.  M 
15.80 

Mar. 

Apr. 

21.30 
24.30 
20.80 
17.95 
16.10 
14.45 
13.10 
12.65 
12.66 
12.50 
12.30 
12.15 
12.00 
11.80 
11.56 
11.16 
10.83 
10.65 
10.50 

May. 

12.05 

11.70 

11.45 

11.25 

10.78 

10.56 

10.40 

10.25 

10.20 

10.10 

10.00 

9.90 

9.80 

9.82 

9.80 

9.78 

9.72 

9.80 

0.80 

1 
June. 

July.     Aug. 

8ept. 

Oct. 

Nov. 

9.15 
9.00 
8.97 
8,97 
9.17 
9.16 
9.32 
9.15 
9.25 
9.13 
9.31 
9.18 
9.17 
9.08 
8.90 
9.06 
9.09 
9.08 
9.10 
9.10 
9.16 
9.82 
9.28 
9.02 
9.10 
8.95 
9.00 
8.95 
9.05 
9.16 

Dec. 

1 

2 

3 

4 

5 

6 

7 

9.80 

9.80 

9.85 

9.80 

9.70 

9.75 

9.70 

9.75 

9.80 

9.70 

9.70 

9.70 

9.70 

9.65 

9.70 

9.70 

9.70 

9.70 

9.70 

9.75 

15.40 

23.35 

21.60 

17.15 

14.80 

13.75 

13.60 

15.36 

15.05 

14.56 

14.10 

16.00 
16.00 
19.00 
20.65 
17.80 
16.15 
14.86 
13.55 
13.10 
12.56 
12. 45 
12. 15 
12.46 
12.66- 
12.20 
11.35 
11.50 
11.70 
12.80 
12. 70 
12.65 
12.50 
13.70 
13.90 
23.45 
23.45 
20.00 
17.25 
15.10 
13.60 
15.86 

10.00 
10.42 
10.75 
10.55 
10.50 
10.37 
10.10 

9.77 
9.95 
10.10 
10.00 
10.05 
16.02 
16.45 

9.66 
9.65 
9.19 
9.16 
9.12 
9.33 
0.10 

9.08 
9.02 
8.97 
8.97 
9.05 
9.00 
9.06 
9.03 
9.08 
9.08 
9.12 
9.04 
9.00 
8.97 
8.96 
9.02 
9.04 

9.06 
9.01 
9.00 
9.28 
9. 48 
9.27 
9.16 
9.27 
9.12 
9.10 
9.10 
9.10 
9.11 
9.06 
9.15 
9.08 
9.06 
8.96 
9.27 
9.07 
9.06 
9.00 
9.00 
9.05 
9.00 
9.00 
9.05 
9.00 
8.87 
8.81 
9.00 

9.18 
9.12 
9.13 
9.12 
9.15 
9.20 
9.06 

8 

9.95     15.  W)  '    9.03 
9.80     17.60       9.00 

9.28 

9 

9.13 

10 

9. 70     15. 48 

9.10 
9.15 

9.15 

11 

9.60 

IStW) 

9.10 

12 

9.52     13.02  1    9.12 

9.14 

13 

9.50     12.25 

9.45  ]  11.70 

9.46  11.82 
9.45     11.20 
9.50     10.45 

9.47  1  10.67 
9.50     10.07 
9.96       9.82 
9.80      9.72 
9. 82       9. 61 

9.08 
9.10 
9.12 
9.15 
9.01 

9.22 

14 

9.11 

15 

9.20 

16 

9.10 

17 

9.06 

18 

8.87  '    8.98 
9^01       9.04 
9.15  1    9.10 
9.10       8.97 
9. 22       8. 96 

9.00 

19 

20 

10.30  ,    9.85 
10.15       9.87 
10.10  1    9.90 
10. 10       9. 95 

21 

9.20 

22 

9.22 

23 

10.26 

10.52 

10.42 

10.16 

9.87 

9.75 

10.00 

9.82 

9.55 
9.50 
9.47 
9.40 
9.38 
9.31 
9.35 
9.29 
9.39 

8.86 
8.87 
8.90 
9.82 
9.20 
9.05 
9.09 
9.02 
8.97 

9.00 
8.94 

8.94 
8.92 
8.92 
8.96 
8.94 
9.07 

9.30 

24 

9.96 
10.05 
12.60 
12.85 
12.60 

10.00 
9.85 
9.70 
9.80 
9.80 

9.30 

26 

9.36 

26 

9.46 

27 

11.10 

28 

10.06 

29 

12. 35  1    9. 72 

9.86 

30 

12.26 

9.75 
9.83 

10.65 

31 

10.46 

ale 

second 

Itio 

tnsd 

uringJ 

January 

and 

F< 

jbruary 

• 
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Raiing  table  for  aScIoU}  River  near  Columbus,  Ohio,  from  January  1  to  December  SI,  lSf04. 


height. 

Discharge. 

(3age 
height. 

- 

Difwharge. 

1 

8eeoikl-feei, 

1 

Oage 
height. 

Di.vfaarge. 

Gaire 
height. 

DiiM^haigir. 

Feet. 

Sefxptul'feel, 

• 

Feet. 

1 

ikcond-feei. 

Feel. 

Setoff  fi-/€et. 

8.8 

6 

10.1 

286    ; 

11.8 

1,000     . 

16.5 

7,000 

8.9 

16 

10.2 

310 

12.0 

1,160 

17.0 

7,890 

9.0 

29 

10.3 

335 

12.2 

1,340 

17.5 

8,790 

9.1 

45     - 

10.4 

360 

12.4 

1,540 

18.0 

9,690 

9.2 

64 

10.5 

385 

12.6 

1,740 

18.5 

10,590 

9.3 

86 

10.6 

410 

i     12.8 

1,940     ' 

19.0 

11,490 

9.4 

110 

10.7 

440 

13.0 

2,140 

20.0 

13,290 

9.5 

135 

10.8 

470 

13.5 

2,680 

21.0 

15,090 

9.6 

160 

10.9- 

500 

14.0 

3,230 

22.0 

16,890 

9.7 

185 

11.0 

530 

14.5 

3,860 

23.0 

1 

18,690 

9.8 

210 

11.2 

620 

15.0 

4,560 

24.0 

30,490 

9.9 

235 

11.4 

730 

15.5 

5,330 

10.0 

260 

11.6 

860 

16.0 

6,150 

\ 
1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  lM»ed  upon 
15  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  betwt^n 
gage  heights  9  feet  and  15  feet  The  table  has  been  extended  beyond  these  limiti^. 
Above  gage  height  16.6  feet  the  rating  curve  is  a  tangent,  the  difference  being  isO 
per  tenth.  The  curve  includes  measurements  made  during  1899,  1900,  and  1903,  but 
the  changes  due  to  measurements  of  1904  make  it  applicable  only  to  the  aboye 
iiniits. 

Estimated  monthly  discharge  of  Scioto  River  near  Columbus,  Ohio,  for  1904, 

[Drainage  area,  1,051  square  miles.] 


Munth. 


March 

April 

May 

June 

July 

August . . . 
Septemljer 
October  .. 
November 
December 


Discharge  in  seoond-feet. 


Maximum. 


Run -off. 

Seoond-feet 

per  sauare 

mile. 

r>epth  in 
inches 

4.93 

5.  t»< 

3.05 

3.40 

.315 

.;»:< 

.231 

.25S 

1.38 

1.59 

.048 

.a5.=> 

.029 

.o:>"2 

.042 

.04S 

.046 

.a5i 

.ia5 

.121 
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OLENTANGY  KIVEB   NEAR  COLUMBUS,    OHIO. 

This  station  was  established  October  7,  1903,  by  R.  Winthrop  Pratt, 
in  connection  with  the  water  supply  and  sewage  disposal  investiga- 
tions of  the  city  of  Columbus.  It  is  located  4  miles  north  of  the 
Columbus,  Ohio,  post-office  and  one-fourth  mile  west  of  North  High 
street  at  the  Doddridge  Street  Bridge.  The  boxed  chain  gage  is  bolted 
to  the  hand  rail  of  the  bridge  on  the  upstream  side.  The  observer  is 
A.  D.  Winegardner.  Discharge  measurements  are  made  from  the  two- 
span  highway  bridge  and  by  wading  below  the  bridge.  The  initial 
point  for  soundings  is  the  east  face  of  the  west  parapet  wall.  The 
channel  is  straight  for  300  feet  above  and  500  feet  below  the  station. 
The  banks  overflow  only  at  high  stages.  The  bed  of  the  stream  is  of 
sand  and  clay.     The  drainage  area  at  the  station  is  520  square  miles. 

Bench  mark  No.  1  is  the  northwest  corner  of  the  top  stone  of  the 
north  wing  of  the  west  abutment.  Its  elevation  is  34.99  feet  above 
gage  datum.  Bench  mark  No.  2  is  a  cut  in  the  top  of  the  hand  rail 
over  the  gage  31  feet  from  the  initial  point  for  soundings.  Its  eleva- 
tion is  39.89  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is 
the  center  pin  of  the  west  end  of  the  north  truss,  the  elevation  of 
which  is  38.60  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  af  E.  Johnson,  jr.,  district  hydrographer. 

Discharge  measurements  ai  reffiUar  glaliotis  on  Oltniangy  River  fiear  Columhus,  OhiOy  in 

1904. 


Bate. 


Hydrographer. 


January  16«  ... 

January  22 

February  5  «  &. , 
February  22  «... 
February25<*.-. 

March  5 

March  19 

April  23« 

May  28a 

June  4 

July  23a 

August  20a 

September  30  a 
October  28  a  . . 
November  12  « . 
December  23  a  , 


R.  W.  Pratt. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do  ,._. 

do 


Width. 


Area  of 
section. 


Feet. 

70  . 
186 

78 
120 
118 
161 
144 

43 

84 
137 

50 

31 

20,5 

24 

19.5 

28 


Sq.Jeet. 
36 
2,445 
60 
510 
530 
1,104 
856 
53 
86 
570 
50 
12 
7.2 
10,9 
9,2 
13,6 


Mean  veloc- 
ity. 


Ft.  per  Bee. 
1.00 
5.73 
1.55 
3.09 
2.89 
3.15 
1.81 
2.66 
2.64 
0.44 
1.24 
1.16 
0.97 
1.87 
1.16 
1.29 


Oa«[e 
height. 


Ffxt. 
6.40 

19.40 
6.90 
9.40 
9.35 

11.50 
9.20 
7.10 
7.22 
7.35 
6.80 
6.56 
6.52 
6.70 
6.59 
6,66 


Dincharge 


Second-ft, 

36 

14,000 

93 

1,575 

1,529 

3,469 

1,569 

140 

226 

249 

62 

14 

7 

20.4 

10.7 

17.5 


a  yfMn$  at  different  sectioiiB.      b  Ice.       o  At  Lane  arenue,  three^fourths  mile  below  station. 
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[so.liS- 


^fean  daUy  gage  height^  in  feetj  of  Olentangy  River  near  Chlumbus,  Ohio,  for  1904. 


6.50 
6.50 
6.40 
6.40 
6.40 
6.50 
6.50 
6.50 
6.50 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40  I 

21 9.20  I 

22 20.40 

23 1  18.90 

24 1  16.20 

25 14.40 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


26. 
27. 
28. 
29. 
30. 
31. 


9.40 
7.40 
7.20 
7.60 
7.00 
6.60 


6.60 
6.60 
6.50 
6.50 
6.60 
9.00 
11.20 
13.10 
10.40 
9.00 
7.40 
7.50 
7.60 
7.20 
7.40 
7.40 
7.00 
6.90 
6.60 
6.70 
6.70 
8.80 
9.70 
10.00 
9.20 
8.20 
7.90 
7.90 
10.20 


Mar. 
13.40 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 
Not. 

6.60 

lier* 

16.80 

8.20 

8.20 

7.20 

6.70 

6.50 

6.  do 

«.«•' 

11.60 

19.^ 

8.20 

7.70 

7.10 

6.60 

6.60 

6.50 

6.60 

«.&-> 

14.80 

12,30 

7.80 

7.60 

7.00 

6.60 

6.75 

6.50 

6.56 

««i 

15.80 

9.80 

7.60 

7.40 

7.00 

6.60 

6.70 

6.50 

&60 

f  t* 

12.30 

8.70 

7.50 

7.20 

7.00 

6.60 

6.70 

6.55 

6.60 

«^.Hrj 

9.20 

8.40 

7.30 

7.20 

7.00 

6.60 

6.66 

6.60 

6.60 

f».H. 

9.30 

8.10 

7.20 

7.00 

18.05 

6.60 

6.60 

6.55 

6.60 

<l6 

9.90 

7.90 

7.20 

6.90 

11.70 

6.60 

6.95 

6.50 

6.60 

tc 

9.00 

7.90 

7.10 

6.90 

12.50 

6.60 

6.90 

6.% 

6.60 

€.(£ 

8.30 

8.10 

7.10 

6.90 

10.00 

6.60 

6.80 

6.65 

6.55 

6-t*» 

8.00 

8.00 

7.00 

6.80 

8.50 

6.60 

6.70 

6.70 

6..S5 

«^.  till 

7.90 

7.70 

7.00 

6.80 

8.00 

6.60 

6.60 

6.80 

6.60 

€    »»! 

7.70 

7.80 

7.00 

6.80 

7.60 

6.60 

6.60 

6.80 

6.60 

t'.«U 

7.50 

7.70 

7.00 

6.80 

7.50 

6.60 

6.70 

6.60 

6.60 

r.rtj 

7.70 

7.70 

7.00 

6.80 

7.20 

6.60 

6.60 

6.60 

6.60 

*  rt) 

7.60 

7.60 

7.00 

7.00 

7.20 

6.60 

6.60 

6w60 

6.60 

f:  '* 

7.50 

7.80 

7.00 

7.00 

7.10 

6.60 

6.60 

6.70 

6.60 

'..'C 

8.00 

7.30 

7.20 

6.90 

7.00 

6.60 

6.60 

6.65 

6.60 

^.*t: 

9.40 

7.20 

7.00 

6.80 

6.90 

6.60 

6.60 

6.65 

6.65 

'l-i.' 

8.90 

7.20 

7.10 

8.00 

6.90 

6.60 

6.60 

6.70 

6.60 

b.&» 

8.00 

7.10 

7.10 

7.10 

6.90 

6.55 

6.60 

6.60 

6.60 

8.40 

7.10 

7.20 

7.00 

6.80 

6.60 

6.60 

6.65 

6.60 

.... 

10.20 

7.10 

7.30 

7.00 

6.80 

6.55 

6.60 

6.60 

6.60 

^>.r> 

10.20 

7.10 

7.20 

7.00 

6.70 

6.50 

6.60 

6.60 

6.60 

6."7i 

9.70 

7.10 

7.10 

7.20 

6.60 

6.50 

6.60 

6.60 

6.60 

fi.'O 

16.80 

9.50 

7.60 

7.20 

6.60 

6.85 

6.60 

6.65 

6.60 

€  ^J 

16.40 

9.80 

7.30 

7.10 

6.70 

6.80 

6.50 

6.60 

6.60 

.»•-  A 

11.80 

9.40 

7.30 

7.00 

6.70 

6.55 

6.50 

6.60 

6.60 

."  ;4' 

9.20 

8.80 

7.20 

7.50 

6.70 

6.60 

6.50 

6.65 

6.60 

7-^' 

8.50 

8.60 

7.20 

7,50 

6.80 

6.60 

6.50 

6.60 

6.60 

1.**) 

11.00 

7.60 

6.70 

6.60 

6.60 



T.J> 

« Ice  conditions  January  and  February. 


b  Frozen  December  7  to  31 . 


Rating  table  for  Olentangy  Riv^er  near  Columbus,  Ohio,  from  October  7,  190^^  to  Janunr^' 

egj  1904- 


Gage 
height. 

Discharge.  , 

1 

Second-feet. 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Aet. 

Seetmd-f^. 

6.2 

13 

6.6 

.  56 

7.0 

133 

7.3 

234 

6.3 

21 

6.7 

69 

7.1 

163 

7.4 

275     j 

6.4 

31 

6.8 

85 

7.2 

197 

7.5 

330 

6.5 

43 

6.9 

107 

1 

During  the  flood  of  January  22,  1904,  the  channel  shifted,  changing  the  ciir%v 
below  gage  height  7.5  feet,  as  shown  in  succeeding  table.  Above  gage  height  7.^ 
the  two  tables  are  alike, 


HALL,  JOHN'flON 
AND  HOYT 


•] 


801OTO   BIVBR   DRAINAGE   BASIN. 


79 


Rating  table  for  OlerUangy  Htper  near  Columbus,  Ohio,  from  January  iS  to  December  SI, 

1904. 


Gage 
height. 

Dii-'oharge. 

Gage 
height. 

Diwharge. 
Second-fret. 

Gage 
height. 

FlKt. 

Discharge. 

1 

Second-feet. 

r             — ■ " 

I     Gage 
height. 

Feet. 

Discharge. 



Second-feet. 

1 

Feet. 

fkcond-Jeet. 

1      F^L 

1        6.5 

5 

8.0 

600 

9.5 

1,6:^    ' 

12.0 

3,950 

6.6 

20 

8.1 

660 

9.6 

1,710 

12.5 

4,500 

6.7 

39 

8.2 

• 

720 

9.7 

1,790 

13.0 

5,100 

6.8 

62 

8.3 

780 

9.8 

1,870 

13.5 

5,700 

6.9 

89 

8.4 

840 

1 

9.9 

1,950 

14.0 

6,300 

7.0 

118 

8.5 

910 

10.0 

2,030    1 

14.5 

6,950 

7.1 

150 

8.6 

980 

10.2 

2,210 

15.0 

7,600 

7.2 

185 

8.7 

1,050 

10.4 

2,390    ■ 

15. 5 

8,300 

7.3 

225 

8.8 

1,120     1 

10.6 

2,570 

16.0 

9,000 

7.4 

270 

8.9 

1,190 

10.8 

2,750    ! 

16.5 

9,700 

7.5 

3:0 

1      9.0 

1,260 

11.0 

2,940    1 

17.0 

10,400 

7.6 

370 

9.1 

1,330    1 

11.2 

3,140    1 

18.0 

11,900 

7.7 

425 

'      9.2 

1,400 

11.4 

3,340 

19.0 

13,400 

7.8 

480 

9.3 

1,470 

11.6 

3,540 

7.9 

540 

9.4 

1,550 

11.8 

1 

3,740 

1 

The  al)ove  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
14  dischai^  measurements  made  during  1904.  It  is  well  defined  between  gage 
heights  6.2  feet  and  11.5  feet.  The  table  has  been  extendeii  beyond  these  limits. 
Above  gage  height  17  feet  the  rating  curve  is  a  tangent,  the  difference  being  150  per 
tenth. 

EMimcUed  manihly  Hwcharge  of  (Hentangy  River  jiear  Columhwt,  Ohio,  for  1904. 

[Drainage  area.  520  square  miles.] 


Month. 


March 

April 

May 

June 

Julv 

August . . . 
September 
October  .. 
Noveml)er 


Discharge  in  second-feet. 

Run-off. 

siximum. 

Minimum. 

Mean. 

Second-feet 

per  square 

mile. 

4.81 

Depth  in 
Inches. 

10, 120 

320 

2,501. 

5.54 

14,300 

150 

1,516. 

2.92 

3.26 

720 

118 

232. 

.446 

.514 

720 

S2 

187. 

.360 

.402 

5,160 

20 

634. 

1.22 

1.41 

76 

5 

21.5 

.041 

.047 

104 

5 

27.4 

.a53 

.059 

62 

5 

23.3 

.045 

.052 

'SO 

12 

19.5 

.038 

.042 

80  STREAM   MEASUREMENTS    IN    1904,   PART    V.  [wx  128. 

lilTTIiE  MIAMI  BIVBR  BRAINAGE  BASIN. 

Little  Miami  River  rises  in  the  southeastern  part  of  Clark  County, 
flows  southwest  through  Greene  and  Warren  counties,  and  enters 
Ohio  River  just  above  Cincinnati.  The  greater  part  of  the  drainage 
area  lies  to  the  east,  as  there  is  only  a  narrow  piece  of  country  between 
this  and  Miami  River.  The  Little  Miami  is  the  best  power  river  in 
the  State  of  Ohio.  The  United  States  Geological  Survey  maintained  i 
station  on  the  Little  Miami  at  Morrow  in  1903,  where  its  drainage  ai-ea 
is  951  square  miles.  In  1904  a  gaging  station  was  opei'ated  on  Mad 
River  near  Springfield. 

MAD   RIVER   NEAR   SPRINGFIELD,  OHIO. 

This  station  was  established  December  31,  1903,  by  R.  Winthn>p 
Pratt.  It  is  located  at  a  highway  bridge  4  miles  west  of  Spring- 
field, Ohio,  and  about  500  feet  below  old  Red  Mill  dam.  A  standard 
chain  gage  is  spiked  to  the  bridge.  The  length  of  the  chain  from  the 
end  of  the  weight  to  the  marker  is  16.05  feet.  .  The  gage  is  read  om-e 
each  day  by  Charles  W.  Smith.  Discharge  measurements  are  made 
from  the  downstream  side  of  the  single-span  bridge  to  which  the  gage 
is  fastened.  The  bridge  has  a  length  between  abutments  of  128  feet 
The  channel  is  practically  straight  for  1,000  feet  above  and  below^  the 
station,  there  being  a  slight  curve  just  above.  The  right  bank  is  high, 
clean,  and  seldom  overflows.  The  left  bank  is  rather  low  and  is  sub- 
ject to  overflow.  The  bed  of  the  stream  is  composed  of  a  mixture  of 
clay  and  gravel  and  is  fairly  permanent.  Bench  mark  No.  1  is  on  the 
extreme  west  corner  of  the  second  stepstone  on  the  upstream  side  of 
the  north  side  of  the  bridge.  Its  elevation  is  15. 88  feet  above  the  datum 
of  the  gage.  Bench  mark  No.  2  is  on  the  top  of  the  bottom  of  the 
gage  box.  Its  elevation  is  19.67  feet  above  the  datum  of  the  gage. 
Bench  mark  No.  3  is  a  nail  in  top  of  lower  chord,  87  feet  from  initial 
point.     Its  elevation  is  18.69  feet  above  gage  datum. 

The  drainage  area  at  this  station  is  290  square  miles. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 
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Discharge  measuremettts  of  Mad  River  near  SpringfiM^  OhiOy  in  1904. 


Date. 


Hydrographer. 


January 30 R.W.Pratt 

February  27 do 

March  25 do 

April  9 do 

June  25 do 

July30« ' do 

August  30« ! do 

Septemlier  23« do 


October  18  «... 
November  17  « 


do 
do 


December  28« do 


Width. 


56 
60 
99 
63 
65 
82 
97 
96 
95 
96 
130 


Area  of 
section. 


Sq.  Jeti. 

224 

292 

701 

337 

239 

80 

92 

95 

99 

117 

939 


Mean 
velocity, 


Fl.  perscc. 
1.50 
1.80 
3.65 
2.43 
1.10 
2.17 
1.50 
1.34 
1.47 
1.28 
.43 


Gage 
height. 

Dis- 
charge. 

F^et. 

Second-Jl. 

6.40 

334 

6.60 

547 

10.20 

2,569 

6.90 

820 

5.82 

262 

5.65 

174 

5.56 

138 

5.50 

127 

5.59 

146 

5.64 

150 

6.50 

407 

"  Wading  500  feet  above  bridge. 
Mean  daily  gage  height,  in  feet j  of  Mad  River  near  Springfield^  Ohio,  for  1904. 


Day. 

Jan.fl 

6.10 
6.10 
6.30 
6.40 
6.40 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.20 
6.10 
6.90 
6.10 
6.00 
6.90 
6.00 
6.00 
6.10 
12.00 
14.10 
11.80 
8.40 
7.30 
6.70 
6.60 
6.00 
6.60 
6.60 
6.40 

Feb.« 

6.30 
6.40 
6.30 
6.30 
6.30 
6.70 
10.90 
8.90 
8.00 
6.60 
6.70 
6.60 
6.40 
6.30 
6.10 
6.30 
6.20 
6.20 
6.10 
6.10 
6.20 
8.70 
8.00 
9.60 
7.30 
6.70 
6.60 
8.20 
8.60 

Mar. 

7.90 
6.90 
9.60 
9.20 
9.30 
7.00 
7.00 
6.90 
6.60 
6.60 
6.90 
6.70 
6.60 
6.60 
6.60 
6.60 
6.60 
7.  SO 
7.00 
6.80 
6.70 
6.60 
7.70 
7.20 
9.80 
16.40 
12.00 
8.30 
7.50 
8.90 
11.45 

Apr. 

1 

May. 

1 

6.30 
6.80 
6.20 
6.20 
6.10 
6.00 
6.00 
6.00 
6.10 
6.00 
6.90 
6.90 
6.90 
6.90 
6.10 
6.00 
5.90 
6.00 
6.00 
6.90 
6.30 
6.10 
6.10 
6.00 
6.00 
5.90 
6.10 
i    6.00 
!    5.90 
'    6.90 
6.90 

1 

June. 

July. 

6.80 
6.10 
6.80 
6.80 
5.80 
6.60 
6.90 
6.90 
7.30 
6.40 
6.20 
6.10 
6.00 
.6.80 
6.80 
6.80 
5.80 
6.90 
5.80 
6.80 
5.70 
6.70 
6.70 
6.60 
5.70 
5.70 
6.60 
6.60 
5.60 
6.60 

5.50 

1 

Aug. 

Sept. 

Oct. 

Nov. 

6.60 
5.60 
6.60 
5.60 
5.60 
5.65 
5.60 
6.60 
6.60 
6.60 
5.70 
5.65 
.  5.60 
5.60 
6.60 
6.60 
5.60 
5.60 
5.66 
5.60 
5.60 
6.60 
5.60 
5.65 
6.63 
5.67 
6.65 
5.65 
5.a5 
5.66 

Dec. 

1 ' 

2 

3 

4 

5 

13.60 
11.90 
8.80 
7.40 
7.10 
7.00 
6.90 
6.80 
6.90 
6.70 
6.60 
6.60 
6.50 
6.50 
6.50 
6.40 
6.30 
6.30 
6.80 
6.20 
6.10 
6.10 
6.10 
6.10 
6.10 
7.00 
6.70 
6.60 
6.60 
6.60 

6.00 
6.00 
5.90 
5.90 
5.80 
5.80 
6.80 
5.80 
5.80 
6.80 
6.80 
5.70 
5.70 
6.70 
6.70 
5.80 
5.90 
6.90 
5.80 
7.00 
6.30 
6.10 
6.90 
6.80 
6.80 
5.80 
5.80 
6.80 
6.10 
5.90 

6.80 
6.70 
5.60 
5.60 
5.60 
5.50 
6.60 
6.60 
5.60 
6.60 
6.50 
5.50 
5.50 
5.50 
6.60 
6.50 
5.60 
6.40 
6.50 
6.70 
6.70 
6.60 
6.60 
6.50 
6.50 
5.80 
6.70 
5.50 
5.50 
6.50 
6.63 

5.60 
5.66 
6.66 
5.60 
5.50 
5.62 
5.60 
6.60 
5.60 
6.50 
5.60 
5.45 
5.50 

b.eo 

5.16 
6.  .50 
5.50 
6.60 
6.50 
6.32 
5.50 
6.  .55 
5.50 
5.4,5 
5.70 
6.60 
5.60 
5.60 
5.60 
5.50 

5.66 
6.56 
6.65 
5.60 
5.50 
6.56 
5.65 
6.55 
5.60 
5.55 
6.85 
5.70 
5.70 
5.65 
5.60 
5.60 
5.60 
5.56 
6.60 
6.60 
5.60 
5.66 
5.66 
6.60 
6.60 
5.60 
5.60 
5.60 
5.60 
6.65 
5.60 

6.65 
6.68 
6.67 
5.62 
6.63 

6 

7..... 

6.60 
5.60 

8 

5.60 

9 

5.60 

10 

5.65 

n 

12 

13 

6.60 
5.62 
5.60 

14 

6.60 

15 

6.60 

16 

5.63 

17 

5.63 

18 

6.62 

19 

6.70 

20 

6.60 

21 

5.60 

22 

5.60 

23 

2i 

'2h 

6.70 
6.10 
6.20 

26 

27 

28 

29 

6.20 
7.90 
6.86 
6.15 

30 

6.15 

81 

5.95 

a  Ice  conditions  January  and  February. 
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WABASH  RIVER   DRAINAGE  BASIN. 

The  drainage  basin  of  the  Wabash  embraces  an  area  of  about  33,iX«> 
square  miles,  distributed  as  follows:  In  Ohio,  400  square  miles;  in 
Indiana,  24,350  square  miles;  in  Illinois,  8,250  square  miles.  It 
drains,  therefore,  slightly  more  than  two-thirds  of  Indiana,  the  am 
of  the  State  being  35,910  square  miles.  Of  the  portion  of  Indiana, 
about  one-half  is  embraced  in  the  drainage  areas  of  East  and  West 
White  rivers.  By  including  these  drainage  areas  with  the  Wabash. 
the  entire  basin  has  a  near!}"  symmetrical,  broadly  ovate  form.  Not 
including  the  White  River  system,  the  Wabash  basin  is  an  unsyni- 
metrical,  elongated  tract,  curving  around  White  River. 

The  length  of  the  valley  occupied  by  the  Wabash  is  about  450  milt^, 
but  the  length  of  the  stream  is  fully  500  miles,  for  the  river  in  it> 
lower  course  makes  several  oxbow  curves  within  the  valley.  The 
source  of  the  river  is  about  1,000  feet  above  tide,  while  its  mouth  at 
low  water  is  but  311  feet.  The  average  fall,  if  we  estimate  the  stream 
to  have  a  length  of  500  miles,  is  therefore  about  16.5  inches  per  mile. 
The  rate  of  descent  is  far  from  uniform,  being  much  more  rapid  in  the 
upper  portion  than  in  the  lower.  There  are  also  many  rapids,  sepa- 
rated by  pools  or  sluggish  portions  of  the  stream.  The  elevation  of 
the  stream  is  accurately  determined  at  many  points,  but  in  theabsenw 
of  a  careful  measurement  of  the  length  of  the  stream  the  rate  of  fall 
is  only  approximately  known.  The  section  above  the  point  where  the 
river  enters  the  old  lake  outlet,  estimated  to  have  a  length  of  lOU  mili'>. 
has  a  fall  of  about  300  feet,  or  3  feet  per  mile.  Railwa^^  levels  and 
canal  surveys  at  the  point  where  the  river  joins  the  old  lake  outlet 
show  its  elevation  to  be  nearly  700  feet  above  sea  level,  the  altituJ^e^ 
reported  varying  between  696  and  699  feet. 

The  following  table  gives  the  elevation  and  fall  at  various  points 
in  this  basin: 
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Table  of  cUHtudes  and  distances  along  Wabash  River. 


Location. 


Source 

Huntington 

Mouth  of  Salamonie  River . . 
Mouth  of  Mississinewa  River 

Loganaport 

Ijafayette 

Attica 

Covington 

Terre  Haute 

State  line 

Hutfionville,  111 

Vincennes 

Mouth  of  White  River 

Grayville,  111 

Mouth  of  Little  Wabash 

Mouth  of  Wabash  River 


Estimated 
distance. 


Altitude. 


Mile; 
0.0 
100.0 
15.0 
20.0 
20.0 
50.0 
25.0 
20.0 
55.0 
14.6 
29.0 
46.4 
32.5 
28.0 
46.0 
16.0  ! 


Fut. 
1,000.0 
699.0 
667.0 
633.0 
583.0 
506.0 
487.0 
470.0 
447.7 
440.6 
424.6 
398.8 
376.5 
365.0 
323.0 
311.0 


Fall  per 
mile. 


Feet. 
0.00 

36.00 
25.56 

20.40 

30.00 

18.48 

9.12 

10.20 

4.80 

5.80 

6.60 

6.60 

8.30 

5.00 

11.00 

9.00 


During  1904  the  United  States  Geological  Survey  maintained  sta- 
tions in  this  basin  at  Logansport,  Delphi,  Indianapolis,  Catamct,  and 
Shoals.  The  following  are  the  drainage  areas  of  the  several  streams 
at  these  points. 

Drainage  areas  in  Wabash  River  basin. 

Sq.  miles. 

Wabash  River  at  Logansport 3, 163 

Tippecanoe  River  near  Delphi 1, 890 

Lower  Eel  Riv^r  at  Cataract 255 

White  River  (East  Branch)  at  Shoals 4,900 

White  River  (West  Branch)  at  Indianapolis 1, 520 

WABASH   RIVER  AT  LOGANSPORT,  IND. 

This  station  was  established  April  27,  1903,  by  George  E.  Waesche. 
It  is  located  at  the  Cicott  Street  Bridge,  about  1  mile  from  the  center 
of  the  city  of  Logansport,  li  miles  from  the  Wabash  Railroad  station, 
H  miles  from  the  Pennsylvania  station,  four  blocks  from  the  street 
car  line,  and  1,(KX)  feet  below  the  mouth  of  Eel  River.  A  standard 
chain  gage  is  placed  on  the  second  span  of  the  bridge,  at  the  third  panel 
from  the  second  pier,  and  is  supported  by  the  bridge  pins,  and  is 
between  the  lower  chord  bars.  It  is  reached  through  a  trap  door  in 
the  floor  planks  of  the  bridge.  The  distance  from  the  end  of  the 
weight  to  the  marker  is  20.78  feet.  The  gage  is  read  once  each  day 
by   W.  R.  Allison.     Discharge  measurements  are  made  from  the 
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upstream  side  of  the  bridge  to  which  the  gage  is  attached.  Tlie 
initial  point  for  soundings  is  the  inner  face  of  the  left  abutment.  The 
channel  is  nearly  straight  for  1,000  feet  above  and  for  1,500  feet  below 
the  station.  The  distance  between  abutments  is  550  fe^t,  and  the 
channel  is  broken  by  three  bridge  piers.  The  right  bank  is  high,  and 
is  not  subject  to  overflow  at  the  bridge.  The  left  bank  is  submer^ 
only  at  extreme  high  water.  The  bed  of  the  stream  consists  of  solid 
rock  covered  with  small  bowlders  and  is  rough  and  permanent.  The 
stream  is  shallow  and  the  current  is  never  sluggish. 

Bench  mark  No.  1  is  the  top  of  the  north  abutment,  under  the  fourth 
board  of  the  downstream  sidewalk.  Its  elevation  al)ove  ^age  datum 
is  18.814  feet.  From  Pennsylvania  Railroal  levels  its  elevation  al^wve 
sea  level  has  been  found  to  be  591  feet.  Bench  mark  No.  2  Ls  the  top 
of  the  third  course  of  masonr}^  from  the  top  of  the  north  abutment. 
Its  elevation  above  the  zero  of  the  gage  is  15.31  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Discharge  meamiremenis  of  Wabash  River  at  iMgangportj  Lid.,  in  J90S  and  19fJ4. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
vclcxiity. 

Ft.  y»«T  eec. 
2.42 
3.49 

heii^ht.        rhancr. 

1903. 

April  27 

June  8 

June  16 

Julys 

July  16 

August  15 

September  30  . . 
Noveml^er  10 

(i.  K.  Waesche 

/brf. 

978 

2.  50          2  :>'7 

do 

2,060 

4.  .^.5          7,  isi 

do 

1,444 

do 

829 
669 
676 
491 
610 
1,024 

6,721 
4,210 
5,335 
1,536 

810 
814 
753 
637 
574 
558 

1.64 

1.08 

.72 

.71 

.74 

2.30          !,:>> 

K.  C.  Murphv 

l.M               71V 

E.  Johnson,  jr 

1.35               41^ 

L.  R.  Sto<!kman 

1 .  .30               ;>!•* 

do 

1   »4               a.V» 

December  28«. . 

E.  Johnson,  jr 

1. 25          2-  7.^            I    VS 

1904. 

January  22'' 

March  2^ 

F.  W.  Hanna 

do 

528 
536 
536 

48:^ 
477 
478 
446 
426 
420 

6.95 
5.62 
6.09 
2.44 

1.08 
1.13 

13.11  4«,rir»« 
8.  20         2:?  H»Ki 

March  29'* 

May  3 

June  17 

July  21 

August  23 

September  14  ,. 

October  21 

November  4 

do 

10.50         32  4^^' 

F.  W.  Hanna   and 
Johnson. 

F.  W.  Hanna 

do 

2.  «8           3,  744 

1.66  s7^ 
1    7K                ir'^i 

do 

1 

.96         1.50              T-r, 

do 

.85            1  -  4K                 rW* 

do 

.70 

.68 

1.30               4<>' 

do 

1. 27            :<7^» 

a  Partly  frozen. 


f>  Float  measurement. 


cSome  floating  ice. 


Hall,  johnson 
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}fean  daily  gage  height,  hi  feet,  of  Wal>a^h  Hirer  at  TjOgansport,  Ind,j  for  1904» 


Day. 

Jan.« 

2.53 
2.50 
2.33 
2.23 
2.23 
2.20 

Feb.*! 

Mar.a 

9.90 

7.88 
7.65 
'   7.88 
7.30 
6.50 

Apr. 

12.22 
13.00 
13.02 
11.06 
7.65 
5,73 

May. 

June. 

July. 

1.80 
1.73 
1.75 
1.68 
1.76 
i.90 

Aug. 

1.30 
1.30 

i.a5 

1.33 
1.30 
1.35 

Sept. 

1.30 
1.38 
1.27 
1.21 
1.25 
1.80 

Oct. 

1.35 
1.85 
1.80 
1.29 
1.26 
1.25 

Nov. 

1.22 
1.25 
1.27 
1.28 
1.25 

Dec.a 

1 

3.10 
3.00 
2.30 
2.50 
2.50 
3.00 

3.75 
3.25 
2.95 
2.75 
2.58 
2.50 

2.90 
3.00 
8.00 
2.90 
2.70 
2.40 

1.30 

2 

1.35 

3       

1.45 

4  

1.22 

.5        ^ 

1.28 

6 

1.22 

7 

2. -20 

10.20 

8.19 

4,88 

2.40 

2.30 

3.10 

1.29 

1.24 

1.28 

1.27 

1.22 

8 

2.15 
2.15 
2,15 
2.15 
2.10 

9.65 
7.90 
6.35 
5.60 
5.10 

7.86 
5.83 
5.00 
5.00 
5.15 

4.45 
4.70 
.4.95 
4.70 
4.68 

2.30 
2.30 
2.36 
2.25 
2.13 

2.20 
2.00 
1.90 
1.90 
1.82 

5, 12 
4.95 
4.71 
4.43 
4.14 

1.29 
1.82 
1.25 
1.25 
1.24 

1.20 
1.25 
1.25 
1.25 
1.25 

1.35 

1.46 

1.46_ 

1.46 

1.45 

1.27 
1.22 
1.80 
1.80 
1.80 

1.28 

9 

1.25 

10 

1.18 

11 

1.81 

12 

1.20 

13 

2,10 

4.20 

4.30 

2.10 

1.78 

8.53 

1.20 

1.26 

1.45 

1.80 

1.40 

14 

2.20 

3.60 

4.20 

3.90 

1.73 

2.99 

1.25 

1.48 

1.40 

1.81 

15 

2.20 

2.70 

3.70 

3.60 

1.70 

2.69 

1.21 

1.41 

1.87 

1.81 

16 

2. 15 

2.50 

3.42 

3.33 

2.00 

1.70 

2.50 

1.25 

1.25 

1.35 

1.25 

•••••■ 

17 

2. 15 

2.30 

3.45 

3.15 

1.95 

1.65 

2.00 

1.25 

1.80 

1.35 

1.31 

18 

2.20 

2.34 

5.40 

2.90 

2.00 

1.78 

1.99 

1.25 

1.41 

1.29 

1.30 

19 

2. 25 

2.38 

6.75 

2.90 

2.15 

1.75 

1.86 

1.25 

1.49 

1.28 

1.30 

2.60 
10.85 
13.19 
12.55 
10.00 
7.45 
6.00 

2.10 
2.25 
2.21 
2.35 
3.50 
4.80 
4.50 

7.00 
6.20 
8.30 
8.10 
6.68 
6.85 
13. 45 

2.63 
2. 52 
2.48 
2.85 
2. 15 
2.60 
7.05 

2.40 
2.40 
2.35 
2.43 
2.40 
2.40 
2. 75 

1.90 
2.56 
3.30 
3.15 
2.97 
2.49 
2.20 

1.81 
1.78 
1.65 
1.65 
1.61 
1.55 
1.53 

1.60 
1.61 
1.76 
1.50 
1.45 
1.40 
1.29 

1.49 
1.61 
1.39 
1.37 
1.37 
1.40 
1.56 

1.25 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 

1.83 
1.85 
1.35 
1.30 
1.28 
1.31 
1.80 

21 

ZJ 

1.81 

1.35 

iJf, 

1.41 

1.50 

27 

4. 75 
4.38 
4.00 
3.70 
3.50 

3.70 
3.8S 
9.22 

....... 

14.81 

13.05 

10.32 

7.50 

9.10 

7.12 
5.90 
5.25 
4.50 

2.70 

2.  6:j 

2.40 
2.43 
2.55 

2.00 
1.9;} 
1.87 
1,80 

1.53 
1.50 
1.50 
1.41 
1.39 

1.30 
1.27 
1.30 
1.33 
1.34 

1.50 
1.56 
1.46 
1.40 

1.30 
1.24 
1.22 

1.22 

1.30 
1.34 
1.30 

1.28 

1.73 

29 

4.12 

3.96 

31 

3.41 

1 

a  Ice  eonditioriH  January  1  to  March  3  and  December  1 
Rdting  table  for  Walmsh  River  at  luoganttportj  /nrf.,  from  January 


Uo31. 

1  to  December  fil,  1904, 


Gage 
height. 


DisehaiKe. 


(iiage 
height 


Gage 
height. 


Fat. 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 


Second-feet.  I 

260 

360 

480 

620 

770 

930 

1,100 

1,280 

1,470 

1,670 

1,880 

2,090 

2,  310 


Discharge. 


Secondftet. 

22, 

770 

25, 060 

27, 410 

29, 

790 

32, 200 

34, 

650 

37, 

130 

42, 

130 

47, 

130 

52, 

130 

57, 

130 
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The  preceding  table  is  applicable  only  for  open-channel  conditions.  It  is  bned 
upon  19  diecharf^e  measurement  made  during  1903  and  1904.  It  is  well  defimt] 
between  gage  heights  1 . 3  feet  and  8. 2  feet.  The  table  has  been  ex  tended  bevoDd  tbif^e 
limits.  Above  gage  height  10.7  feet  the  rating  curve  is  a  tangent,  the  diffemice 
being  500  per  tenth. 

EstimaUd  monthly  discharge  of  Wabaah  River  at  Ijogojuepori,  Ind,,  for  1904- 

[Draina^  area,  3,163  square  miles.] 


Month. 


Discharge  In  second-feet. 

Rnn-off. 

Maximum. 

Minimnn. 

Mean. 

Second-feet 

persaaare 

mile. 

Depth  ii. 
incbfSL 

56,140 

4,928 

19,900 

6.29 

6.55 

47,130 

1,775 

12,860 

4.06 

4.f« 

5,925 

1,375 

2,440 

.771 

.889 

4,580 

850 

6,146 

1.94 

2.16 

10,580 

468 

2,673 

.845 

.974 

1,032 

-    260 

409 

.128 

1         *"■' 

710 

260 

439 

.139 

.l.TO 

566 

280 

392 

.124 

.143 

420 

280 

349 

.110 

.123 

March  4-31 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 


TIPPECANOE   RIVER  NEAR   DELPHI,    IND. 

This  station  was  established  March  14, 1903,  by  George  E.  Wae-^i'he. 
The  station  is  located  at  the  highway  bridge  at  Springlx)ro,  Ind.  The 
nearest  railroad  station  is  Delphi,  5  miles  east  of  Springboro.  A 
standard  chain  gage  is  located  on  the  second  span  from  the  ea^^t  bank, 
one  panel  length  beyond  the  c-enter  of  the  span.  The  length  of  the 
chain  from  the  end  of  the  weight  to  the  marker  is  25.66  feet.  The 
gage  is  read  once  each  day  by  Lois  Imler.  Discharge  measurelllent^ 
are  miide  from  the  downstream  side  of  the  bridge,  to  which  the  gage  i> 
attached.  The  initial  point  for  soundings  is  the  face  of  the  east  abut- 
ment. The  channel  is  straight  for  about  1,600  feet  above  and  about 
2,000  feet  below  the  station.  Its  width  at  ordinary  stages  is  350  feet, 
broken  by  two  piers,  and  at  high  water  is  510  feet,  broken  by  thre^ 
piers.  Both  banks  are  high  and  can  not  overflow  to  any  consideni>>Ie 
extent.  The  bed  of  the  stream  is  rocky  and  rough;  the  current  is 
swift.  The  bench  mark  is  the  head  of  an  anchor  bolt  in  the  eaj?t 
abutment;  it  is  the  outside  anchor  of  the  downstream  truss.  Ita  ele- 
vation above  the  zero  of  the  gage  is  22.25  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 
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Discharge  measurements  of  Tippecanoe  River  near  Ddphi,  Ind.y  in  1904* 


Date. 


Hydrographer. 


Width. 


January  23 
March  2«.. 


F.  W.  Hanna. 
do 


March  28 ' do 


May  2 

June  18 

July  23 

August  22 

September  13  . 

October  22 ' do 

November  5 do 


Hanna  and  Johnson 

F.W.Hanna 

Hanna  and  Johnson 

F.W.Hanna 

....do 


Feel. 
448 
466 
449 
343 
253 
238 
255 
241 
249 
240 


Area  of 
section. 

Mean 
velocity. 

Ga«e 
height. 

Dis- 
charge. 

Sq.Jeet. 

Ft.  per  tee. 

Feet. 

Secimd-,fl. 

2,404 

4.10 

8.48 

9,863 

3,920 

2.55 

13.00 

10, 010 

2,560 

4.78 

8.80 

12,240 

917 

4.04 

4.95 

3,708 

328 

2.12 

2.98 

694 

292 

1.83 

2.92 

534 

370 

2.38 

3.20 

882 

278 

1.62 

2.86 

451 

273 

1.77 

2.90 

484 

266 

1.49 

2.86 

396 

a  Ice  Jam. 
Mean  daily  gage  heiglU,  infeety  of  Tippecanoe  River  near  Delphiy  /nr/.,  for  1904. 


Day. 

Jaji.a 

Feb.a 

Mar.d 

14.60 

13.44 

13.21 

12.90 

12.37 

12.25 

12.80 

13.20 

12.47 

7.06 

7.00 

6.95 

6.90 

7.00 

6.87 

6.77 

7.00 

7.20 

7.23 

7.10 

7.15 

7.77 

8.10 

8.M 

8.92 

11.20 

9.41 

7.94 

7.02 

6.76 

8.90 

Apr. 

May. 

June. 

July. 

3.49 
3.87 
8.21 
8.09 
3.17 
3.22 
8.75 
4.08 
4.40 
4.37 
4.26 
4.20 
4.17 
8.98 
8.96 
3.71 
3.65 
3.47 
3.38 
3.30 
3.21 
3.00 
2.95 
2.91 
2.90 
2.90 
2.99 
2.98 
2.93 
2.91 
2.89 

Aug. 

2.85 
2.82 
2.80 
2.81 
2.81 
2.77 
2.75 
2.73 
2.78 
2.72 
2.71 
2.69 
2.74 
2.73 
2.72 
2.71 
2.78 
2.80 
2.81 
2.90 
3.05 
8.&5 
3.42 
8.40 
3.35 
3.28 
3.18 
2,98 
3.00 
2.93 
2.90 

Sept. 

2.93 
2.90 
2.87 
2.86 
2.84 
2.86 
2.83 
2.88 
2.84 
2.a') 
2.85 
2.84 
2.81 
3.00 
2.98 
3.01 
3.05 
3.21 
3.10 
3.05 
3.00 
2.98 
2.97 
2.95 
2.93 
3.10 
3.15 
3.23 
3.20 
3.16 

Oct. 

3.10 
3,07 
3.06 
8.00 
2.95 
2.91 
2.90 
2.98 
3.00 
3.07 
3.05 
3.00 
3.00 
2.98 
2.97 
3.03 
3.00 
2.&7 
2.95 
2.92 
2.90 
2.98 
2.96 
2.94 
2.97 
2.95 
2.92 
2.81 
2.86 
2.85 
2.84 

Nov. 

Dec.a 

1 

9.65 
d.43 
8.49 
8.34 
8.21 
8.03 
7.95 
8.20 
8.75 
8.15 
7.75 
7.08 
5.53 
4.96 
5.02 
6.17 
5.17 
5.14 
5.12 
5.09 
4.98 
4.91 
4.67 
4.47 
4.01 
6.80 
7.03 
6.70 
6.35 
6.10 

6.69 
6.07 
4.80 
6.60 
6.12 
4.96 
4.72 
4.57 
4.36 
4.05 
4.00 
3.93 
3.84 
3.89 
8.91 
3.89 
3.85 
4.01 
3.99 
3.95 
3.90 
3.81 
3.70 
3.64 
3.73 
3.72 
3.71 
3.70 
3.60 
3:74 
4.20 

4.25 
4.21 
3.87 
8.74 
3.65 
3.61 
3.40 
3.45 
8.49 
3.52 
3.43 
3.18 
3.17 
8.13 
8.13 
8.12 
8.64 
3.27 
3.20 
3.16 
8.10 
8.09 
3.07 
3.06 
8.00 
2.96 
3.00 
3.83 
8.71 
3.79 

2.83 
2.82 
2.84 
2.84 
2.85 
2.85 
2.84 
2.80 
2.85 
2.87 
2.86 
2.85 
2.86 
2.84 
2.87 
2.89 
2.88 
2.86 
2.86 
2.85 
2.83 
2.80 
2.85 

2.83 

2 

2.82 

3 

2.80 

4 

2.80 

5 

2.91 

6 

7 

4.10 

8.25 

2.96 
2.97 

8 

3.«0 

2.96 

9 

3.00 

10 

3.02 

11 

3.00 

12.' 

2.99 

13 

7.85 

2.96 

14 

15 

16 

3.85 

17 

8.04 

18 

19 

20 

4.76 
11.05 

8.20 

21 

22 

11.25    

23 

10.95 

3.06 

24 

8.09 

25 

3.12 

26 

27 

15. 00       8. 20 

28 

29 

15.20 

2.84 
2.83 

30 

7.25 

3.06 

31 

a  Frozen  January  1  to  March  9  and  December  14  to  31. 
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Hating  table  for  Tippecanoe  River  near  Delphi^  Ind,,  from  January  1  to  December  SI  ^  1*^01 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second'feei. 

1 

Gage 
height. 

1 
Dischaige. 

1 

Ga«e 
height. 

Difcbanre 

Feet. 

Second-feel. 

Feet. 

Feet. 

Second-Jeel. 

Feet. 

Secamd-feri 

2.7 

280 

3.8 

1,770 

4.9 

3,640 

7.0 

8,110 

2.8 

390 

3.9 

1,930 

j       5.0 

3,830 

7.5 

9,220 

2.9 

510 

4.0 

2,090 

5.2 

4,230 

8.0 

10, 370 

3.0 

630 

4.1 

2,250 

5.4 

4,650 

8.5 

11,520 

3.1 

760 

4.2 

2,410 

5.6 

5, 070 

9.0 

12,670 

3.2 

890 

4.3 

2,580 

5.8 

5,490 

9.5 

13,820 

3.3 

1,030 

4.4 

2,750 

6.0 

5,910 

10.0 

14,970 

3.4 

1,170 

4.5 

2,920 

6.2 

6,350 

•  10.5 

16,120 

3.5 

1,320 

4.6 

3,090 

6.4 

6,790 

11.0 

17,270 

3.6 

1,470 

4.7 

3,270 

6.6 

7,230 

12.0 

19, 670 

3.7 

1,620 

1 

4.8 

3,460 

6.8 

7,670 

13.0 

21, 870 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  Ijaivd  0{»<in 
discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  betwtvn 
gage  heights  2.8  feet  and  8.8  feet.  The  table  has  been  extended  beyond  the^^e  liniiUi. 
Above  gage  height  7.4  feet  the  rating  cur\'e  is  a  tangent,  the  difference  beini^  230  \^t 
tenth. 


Estimated  montfUy  discharge  of  Tippecanoe  River  near  Delphi,  Ind,^  for  1904- 

[Drainage  area,  1,890  square  miles.] 


Month. 


March  10  to  31.. 

April 

May 

June 

July 

August 

September 

October 

November 

December  1  to  13 


Discharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

persQuare 

mile. 

Depth  in 
inohe*. 

17,730 

7,660 

9,633 

5.10 

4.17 

13,940 

2,090 

7,210 

3.  81 

4.25 

7,230 

1,470 

2,492 

1.32 

1.5l» 

2,495 

582 

1,199 

.634 

.707 

2,750 

498 

1,247 

.660 

.7til 

1,200 

269 

534 

.282 

.  325 

932 

402 

601 

.318 

.355 

760 

402 

585 

.310 

.;?57 

498 

390 

446 

.236 

.2H4 

656 

390 

543 

.287 

.1:59 
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WHITE   RIVER   (WEflT   BRANCH)   AT   INDIANAPOLIS,  IND. 

This  Htatipn  was  entablished  May  6, 1904,  by  E.  Johnson,  jr.,  assisted 
by  F.  W.  Hanna.  It  is  located  in  the  central  portion  of  the  cit)'  on 
the  bridge  of  the  Cleveland,  Cincinnati,  Chicago,  and  St.  Louis  Rail- 
way. A  standard  chain  gage  is  attached  to  the  downstream  side  of  the 
bridge,  the  scale  being  graduated  to  feet  and  tenths  on  the  downstream 
side  of  the  binding  tie.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker,  which  is  the  outside  of  the  ring,  is  37.10  feet. 
The  gage  is  read  twice  each  day  by  J.  D.  Burk.  The  chain  and  weight 
are  kept  at  the  water  softening  plant  of  the  Kingan  Packing  Company, 
located  100  feet  downstream  from  the  right  abutment  of  the  bridge. 
Discharge  measurements  are  made  from  the  downstream  side  of  the 
through  Pratt  truss  bridge  of  three  spans,  to  which  the  gage  is  attached. 
The  initial  point  for  soundings  is  the  downstream  inner  face  of  the 
right  abutment.  The  channel  is  straight  for  about  500  feet  above  and 
for  1,000  feet  below  the  station.  The  current  is  direct,  but  sluggish 
in  low  stages.  The  right  bank  is  moderately  high  and  seldom  over- 
flows. The  left  bank  is  high,  covered  by  buildings,  and  never  overflows. 
All  the  water  passes  between  the  abutments  of  the  bridge.  The  bed 
of  the  stream  is  composed  of  gravel  and  sand,  and  is  fairl}^  permanent. 
There  are  three  channels  at  all  stages.  At  low  water  the  current  is  too 
sluggish  to  permit  of  very  accurate  measurement.  Bench  mark  No.  1 
is  the  south  capstone  of  the  Imllast  wall  of  the  right  abutment.  Its 
elevation  is  36.51  feet  above  the  datum  of  the  gage.  Bench  mark  No. 
2  is  the  downstream  top  edge  of  the  fifth  cross  girder  from  the  right 
abutment  of  the  bridge.  Its  elevation  is  36.54  feet  above  the  datum 
of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrogiupher. 

Dkchiirge  meatnirementH  of  White  River  (  West  Branch)  at  TmlimuipolUj  Jnd.j  in  lif04' 


Date. 


Hydrographer. 


May  6 

June  17 

July  29 

August  23 

September  14  . 

October  21 « do 

November  4  « do 


Johnson  and  Hanna 

F.  W.  Hanna 

....do 


do 
do 


Width. 

Ftet. 
265 
266 
222 
233 
223 
68 
68 


Area  of 
fie<'tlon. 

Mean 
velocity. 

S(i./(€t. 

Ft.  per  9fc. 

1,423 

0.81 

1,324 

.65 

1,129 

.34 

1,210 

.41 

1,042 

.23 

150 

1.43 

131 

1.49 

Gafe 
height. 


Ftet. 
8.80 
8.45 
7.53 
7.85 
7.20 
7.30 
7.20 


Dis- 
charge. 


Seamd-Jl. 
1,147 
866 
380 
495 
240 
216 
195 


a  Measurement  made  from  boat  and  cable  1  mile  below  station. 
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[NO.  V2a. 


Mean  daily  gage  height^  in  feet,  of  While  River  (  West  Branch)  at  Indianapolis^  IntL,  in 

1904. 


Day. 

Mar. a 

Apr.o 

May. 

June. 

July. 

1 
Aug. 

Sept. 

Oct 

Nov. 

7.2CI 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.90 

7.» 

7.20 

7.20 

7.20 

7.10 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.20 

7.10 

7.10 

7.10 

I>cC. 

1 

18.85 
21.66 
20.90 
14.71 

8.90 
9.50 
9.20 
9.10 
9.10 
8.75 
8.60 
8.40 
8.80 
8.30 
8.20 
8.20 
8.10 
8.10 
8.00 
8.10 
8.50 
8.60 
8.70 
9.10 
9.60 
9.60 
9.00 
8.90 
8.55 
8.45 
8.40 
8,30 
8.80 
8.80 

8.30 
8.45 
8.35 
8.25 
8.20 
8.20 
9.10 
9.50 
9.46 
9.20 
8.90 
8.70 
8.50 
8.40 
8.20 
8.10 
8.00 
8.00 
7.90 
7.90 
7.86 
8.00 
8.00 
7.85 
7.80 
7.70 
7.65 
7,60 
7.55 
7.50 
7.50 

7.60 
7.45 
7.40 
7.40 
7.40 
7.35 
7.35 
7.86 
7.30 
7.80 
7.40 
7.80 
7.26 
7.20 
7.15 
7.20 
7.20 
7.10 
7.20 
7.60 
7.80 
8.20 
8.00 
7.66 
7.60 
7.40 
J.  35 
7.90 
7.30 
7.25 
7,80 

7.30 
7.90 
7.30 
7.20 
7.20 
7.25 
7.90 
7.30 
7.25 
7.20 
7.20 
7.20 
7.20 
7.26 
7.20 
7.20 
7.20 
7.25 
7.30 
7.56 
7.85 
7.30 
7.80 
7.30 
7.M 
7.70 
7.60 
7.60 
7.60 
7.60 

7.40 

7.10 

7.90 

7.90 

7,30 

7.25 

7.25 

7.20 

7.20 

7.20 

7.50 

7.60 

7.40 

7.40 

7.80 

7.90 

7.90 

7.90 

7.90 

7.90 

7.80 

7.90 

7.90  , 

7.90 

7.25 

7.26 

7.25 

7.20 

7.10 

7.15 

7.15 

7.  IC 

2 

7.1© 

• 

3 

7  M> 

4 

7  H> 

5 

7.  Iv 

6 

8.80 
8.75 
8.70 
8.70 
8.70 
8.60 
8.60 
8.60 
8.40 
8.40 
8.40 
8.40 
8.50 
8.70 
8.90 
9.10 
9.10 
8.80 
8.70 
A70 
8.60 
8.70 
8.70 
8.80 
8.80 
8.90 

T.lU 

7 

7.10 

8 

6.75 

9 

C.7D 

10 

7.10 

11 

7.M 

12 

7  10 

7  K) 

14 

6  W 

15 

HA 

16 

i     7.» 

17 

7.15 

18 

7.15 

19 

7.10 

20 

7.10 

21 

7.10 

22 

7.10 

23 

7.30 

24 

7.50 

25 

7.60 

26 

21.42 
24.74 
21.21 
13.79 
12.15 
13.26 

7.  TO 

27 

9.3) 

28 

9.79 

29 

S.  TS 

30 

&45 

Kba 

n  Readings  March  26  to  April  4  reduced  from  readings  of  Kingan  gage. 

Rating  table  for  White  Rit^er  ( West  Branch)  at  Indianapolis^  Ind.,  from  May  6  U) 

December  SI,  1904. 


T 

r     ■-     ■■    ■     ' 

Gage 
height. 

Feet. 

Disr^harge. 
Second-fed. 

Gage 
height. 

Diflcharge. 

Gage 
hei^t. 

Dificharge. 

Gage 
height. 

1 

Discharsv. 

f^ct. 

Second-feet. 

f^BCt. 

Second-fed. 

1 

Seetmd-/€H. 

7.0 

184 

7.6 

380 

8.2 

700 

8.8 

1,150 

7.1 

211 

7.7 

425 

!      8.3 

770 

8.9 

1,240 

7.2 

240 

7.8 

475 

I      8.4 

840 

9.0 

1,330 

7.3 

271 

7.9 

525 

8.5 

910 

7.4 

304 

8.0 

580 

8.6 

990 

# 

7.5 

340 

8.1 

640 

8.7 

1 

1,070 

• 

i 

The  above  table  is  applicable  only  for  open -channel  conditions.  It  is  based  apon 
7  discharge  measurements  made  during  1904.  It  is  well  defined  between  gage  heights 
7.2  feet  and  8.8  feet.    The  table  has  been  extended  beyond  these  limits. 
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EgHfnaled  monthly  discharge  of  White  River  ( West  Branch)  at  IndianapoliSy  Ind.j  /or 

1904. 

[Drainage  areti,  1,620  square  milen.] 


Month. 


Jane 

July 

August . . . 
September 
October  .. 
November 
December 


DliichaiKe  In  second-feet. 


Maximum. 

1,420 

1,870 

1,780 

700 

425 

340 

271 

1,960 


Minimum. 


840 

580 

340 

211 

240 

211 

211  ! 

115 


Mean. 


1,064 
1,045 
759 
314 
284 
265 
238 
391 


Run-off. 


Second-feet  |  D^pth  in 


0.700 
.688 
.499 
.207 
.187 
.174 
.157 
.257 


0.677 
.768 
.675 
.239 
.209 
.201 
.175 
.296 


LOWER  EEL   RIVER  NEAR  CATARACT,    IND. 

This  station  was  established  August  6,  1903,  by  E.  Johnson,  jr., 
assisted  by  L.  R.  Stockman.  It  is  located  6  miles  from  Cloverdale, 
Ind.,  and  one-half  mile  northeast  of  Cataract,  Ind.  It  is  300  feet  above 
a  dam  below  which  there  is  a  fall  of  35  feet.  The  gage  is  a  3  by  6  inch 
oak  timber,  securely  fastened  to  the  west  abutment  on  the  downstream 
face.  It  is  marked  by  brass-headed  nails  and  reads  from  zero  to  10  feet. 
The  gage  is  read  once  each  day  by  Joe  Steiner.  Discharge  measure- 
ments are  made  from  the  upstream  side  of  the  single-span,  covered  high- 
way bridge,  which  has  a  length  between  abutments  of  128  feet.  The 
initial  point  for  soundings  is  the  face  of  the  left  or  west  abutment  at 
the  top  of  the  coping  on  the  upstream  side.  Distances  are  marked  by 
wire  nails  and  painted  figures  on  the  guard  rail  on  the  upstream  side 
of  the  bridge.  The  channel  is  straight  for  about  500  feet  above  and 
300  feet  below  the  bridge.  The  current  varies  from  swift  to  rather 
sluggish.  Both  banks  are  high  and  rocky  and  will  not  ovei-flow.  The 
bed  of  the  stream  is  a  smooth  rock  ledge,  nearly  level  between  the 
bridge  abutments. 

Bench  mark  No.  1  is  a  wire  nail  in  the  root  of  a  small  elm  tree  in  a 
stone  wall  on  the  noilh  side  of  the  road  approaching  the  bridge  on 
the  west  side  of  the  river  about  50  feet  from  the  bridge.  Its  eleva- 
tion above  the  zero  of  the  gage  is  12.60  feet.  Bench  mark  No.  2  is  a 
wire  nail  in  the  root  of  a  large  oak  tree  in  the  pasture  on  the  west 
side  of  the  river  300  feet  from  the  bridge  and  20  feet  from  the  fence 
which  bounds  the  south  side  of  the  road  approaching  the  bridge.  The 
elevation  of  this  bench  mark  is  27.20  feet  above  the  zero  of  the  gage. 
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The  obsei*vations  at  this  station  during  1904  have  bemxk  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

One  measurement  was  made  on  May  4,  1904;  gage  height,  1.28  feet; 
discharge,  104  second- feet. 


Mean  daily  gage  heigJUy  in  feet,  of  Eel  (lower)  River  near  Catarari,  Jnd.,  for  1904. 


Day. 

Jaii.n 

Feb.« 

2.40 
2.40 
2.40 

Mar. 

Apr. 

May. 

June. 

July. 

1.40 
\30 
1.30 

Aug. 

Sept. 

Oct. 

Nov. 

I»rt-. 

1 

1.60 
1.60 
1.50 

3.60 
3.60 
3.70 

4.80 
4.90 
4.80 

2.00 
2.10 
2.10 

1.40 
1.80 
1.80 

0.90 
.90 
.90 

1.10 
1.20 
1.20 

1.40 
1.40 
1.30 

0.80  1 

.80  ; 

.70 

it. 

2 

'*') 

3 

•/•' 

4 

1.60 

2.40 

3.70 

4.80 

2.20 

1.30 

1.30 

.90 

1.10 

1.30 

.70i 

<*i 

5 

1.50 

2.40 

3.60 

4.60 

2.20 

1.20 

1.20 

.90 

1.10 

1.20 

.70 

<*. 

6 

1.50 

2.60 

2.70 

8.60 

2.20 

1.20 

1.20 

.90 

1.00 

1.10 

.80 

.fe,. 

7 

1.50 

4.00 

2.90 

8.00 

2.20 

1.30 

1.20 

.80 

1.00 

1.10 

.90 

>h 

8 

1.50 

4.00 

2.90 

2.50 

2.10 

1.40 

1.20 

.80 

.90 

1.10 

1.00 

it'\ 

9 

1.60 

4.00 

2.60 

2.20 

2.10 

1.40 

1.20 

.80 

.80 

1.20 

1.00 

V') 

10 

1.50 

4.00 

2.60 

2.10 

2.10 

1.40 

1.10 

.80 

.60 

1.20 

1.00 

'■•') 

11 

1.50 

3.90 

2.70 

2.10 

2.20 

1.30 

1.10 

.80 

.70 

1.30 

1.00 

a-\ 

12 

1.50 
1.50 
1.50 
1.50 
1.50 

8.70 
3.40 
3.20 
3.20 
3.10 

2.60 
2.30 
2.25 
2.30 
2.40 

2.10 
2.00 
2.00 
2.00 
2.00 

2.80 
2.30 
2.20 
2.20 
2.20 

1.80 
1.40 
1.40 
1.40 
1.40 

1.10 
1.10 
1.10 
1.10 
1.10 

.80 
.80 
.90 
.90 
.90 

.70 
.70 
.80 
.90 
1.00 

1.20 
1.10 
l.OO 
1.00 
1.00 

1.00 
1.10 
1.10 
1.10 
1.00 

\t'\ 

13 

.'•1 

14 

ifr. 

15     .         ... 

,b 

16 

i*> 

17 

1.60 
1.70 
1.90 
2.50 

3.00 
2.90 
2.90 
2.90 

2.50 
2.60 
2.70 
2.80 

2.10 
2.10 
2.00 
2.00 

2.10 
2.10 
2.10 
2.00 

1.40 
1.40 
1.40 
1.50 

1.06 
1.06 
l.OSi 
1.10 

.90 

.90 

.90 

1.00 

1.00 
1.00 
1.10 
1.10 

1.00 
1.10 
1.10 
1.10 

l.OU 
1.10 

1.00 
1.00 

(*) 

18 

(<*> 

19 

l*» 

20 

iln 

21 

2.70 

2.90 

2.90 

2.00 

2.00 

l.JiO 

1.00 

1.00 

1.20 

1.10 

l.W 

lfc. 

22 

'    4.10 

2.90 

3.00 

2.00 

2.00 

1.50 

1  00 

1.00 

1.10 

1.00 

1.00 

I*.:-*) 

23 

4.10 

3.00 

3.40 

2.00 

2.00 

1.50 

1.00 

1.00 

1.00 

1.00 

1.00 

.H» 

24 

4.00 
3.90 
8.60 

3.00 
3.00 
3.00 

3.60 
4.70 
6.60 

2.20 
2.20 
2.10 

2.00 
1.80 
1.80 

1.50 
1.60 
1.60 

1.00 

1.00 

.90 

1.10 
1.20 
1.20 

1.00 
1.20 
1.46 

1.00 
1.10 
1.00 

l.OU 
1.00 
1.00 

1  su 

25 

1.40 

26 

i.:t» 

27 

!    3.40 

3.00 

6.60 

'    2.10 

1.70 

1.50 

.90 

1.20 

1.46 

1.00 

.m 

2  JO 

28 

8.00 

3.20 

6.80 

!    2.10 

1.60 

1.50 

.90 

l.IO 

1.65 

1.00 

.70 

•J  :*> 

29 

1    2.70 

3.40 

5.20 

2.10 

1.50 

1.40 

.90 

1.10 

1.50 

.90 

.50 

•2.70 

30 

2.60 
2.40 

4.00 
8.90 

2.00 

i 

1.60 
1.40 

1.40 

.90 
.90 

1.10 
1.00 

1.40 

.90 
.90 

.40 
.  ...... 

:!.«« 

31 

3.:*) 

a  lee  conditions  January  and  February.  f»  Below  gage. 

Note. — ^The  zero  of  the  gage  is  0.96  feet  below  the  crest  of  the  dam;  therefore  whwi 
the  gage  is  below  0.96  all  the  water  flows  through  a  small  flume. 
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WHITE   RIVER   (eAST  BRANOH)   AT  SHOALS,    IND. 

This  station  was  established  June  25,  1903,  by  A.  C.  Lootz.  It  is 
located  at  the  highway  bridge,  in  the  village  of  Shoals,  Ind.,  400  feet 
above  the  Baltimore  and  Ohio  Southwestern  Railroad  bridge.  There 
are  itipids  just  below  this  station  and  also  about  5^  miles  below.  The 
gage  is  read  once  each  day  by  O.  H.  Grelst.  A  standard  chain  gage 
is  fastened  to  the  railing  and  metal  posts  of  the  downstream  side  of 
tlie  first  span  on  the  left  end  of  the  highway  bridge.  The  length  of 
the  chain  from  the  end  of  the  weight  to  the  marker  is  46.41  feet. 
Discharge  measurements  are  made  from  the  3-span  highway  bridge  to 
which  the  gage  is  attached.  The  initial  point  for  soundings  is  the 
face  of  the  left  abutment.  The  channel  is  straight  above  and  below 
the  station  and  the  current  is  swift.  The  right  bank  is  a  high  rocky 
road  embankment  and  never  overflows;  the  left  Imnk  is  a  steep  rocky 
bluff  and  does  not  overflow.  The  bed  of  the  stream  is  rocky,  and  the 
channel  is  divided  into  three  parts  by  the  bridge  piers.  Bench  mark 
No.  1  is  the  stone  cap  on  the  downstream  end  of  the  first  pier  from 
the  left  bank.     Its  elevation  is  100  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  E.  Johnson,  jr.,  district  hydrographer. 

Discharge  mexigurements  of  White  River  {East  Branch)  at  Shoals,  Ind,,  in  190S  and  1904* 


Date. 


June  22  a 

August  4 

September  24 

1904. 
January  24  .. 

March  5 

March  30 

May  5 


June  16 

July  28 

August  24 

September  15 
October  20... 
November  3 . 


Hydrographer. 


Width. 


Area  of 
section. 


A.  C.  Lootz 

L.  R.  Stockman. 
do 


F.  W.  Hanna 

do 

do 


Feet. 


344 
286 


F.  W.  Hanna  and 
Johnson. 

F.  W.  Hanna 

do 

do 

do 

do 

do 


375 
427 
356 

349 
307 
295 
295 
295 
288 


Sq.feet. 


1,083 
408 

4,ia5 

2,321 

13, 410 

1,124 

789 
515 
379 
373 
371 
324 


Mean 
velocity. 


Ft.  per.  tec. 


3.13 
1.25 

4.61 
4.99 
6.00 
3.72 

2.30 
1.60 
1.28 
1.06 
1.07 
.99 


Gage  Di8- 

height.      charge. 


Feet. 


65.07 
as.  40 

73.47 
68.64 
95.20 
65.43 

64.53 
63.88 
/63.32 
63.24 
63.23 
63.17 


Sccond-/t. 

2,000 

3, 392 

511 

19, 010 

11,590 

79,820 

4,180 

1,812 
823 
484 
397 
396 
320 


a  Float  meaisurement 
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8TBEAM   MEA8UBEMENT8   IN    1904,  PART   V. 


[no.  Iff. 


Afmn  daily  gage  height,  in  feet,  of  White  River  (EaM  Branch)  at  ShoaU,  Ind.,  far  i»^. 


Day. 

Jan.a 

Feb.a 

Mar.a 

67.60 
68.10 
68.20 
68.70 
68.60 
69.10 
72.80 
72,90 
71.50 
70.30 
70.50 
69.80 
69.10 
68.90 
68.70 
68.00 
67.60 
67.50 
67.60 
67.70 
67.70 
68.00 
74.40 
75.20 
78.40 
87.10 
87.70 
92.80 
95.00 
M.90 
93.40 

Apr. 

May. 

June. 

64.80 
65.60 
66.00 
66.00 
65.60 
65.40 
65.00 
64.  CO 
64.70 
64.60 
64.50 
64.40 
64.40 
64.80 
64.40 
64.30 
64.50 
64.60 
64.70 
64.90 
64.90 
64.90 
64.80 
64.80 
64.80 
64.80 
64.80 
65.20 
64.80 
65.40 

July. 

Aug. 

Sept. 

Oct, 

63.50 
63.60 
63.50 
68.40 
68.40 
63.90 
68.90 
63.90 
68.30 
63.30 
63.30 
63.30 
63,30 
63.30 
63.80 
63.80 
63.80 

Nov. 

jDer.' 

1 

64.60 
«4.50 
64.30 
64.20 
64.10 
64.10 
64.10 
64.00 
64.00 
64.00 
64.00 
61.00 
64.00 
64.00 
64.00 
64.00 
64.00 
64.00 
64.10 
64.10 
64.60 
69.40 
78.30 
73.50 
74.20 
74.50 
74.80 
75.00 
72,20 
67.80 
66.50 

66.20 
65.50 
65.20 
64.90 
64.80 
68.50 
71.50 
72,80 
74.30 
76.10 
77.00 
76.00 
72.50 
68.50 
66.50 
66.00 
65.00 
65.60 
66.40 
65.20 
65.10 
67.30 
68.80 
69.60 
70.90 
70.60 
69.40 
68.00 
67.30 

91.00 
88.80 
87.20 
85.60 
84.40 
83.40 
80.20 
73.20 
68.40 
67.70 
67.60 
67.30 
67.00 
66.80 
66.50 
66.20 
66.00 
65.80 
65.60 
65.40 
65.80 
65.20 
65.10 
65.10 
65.20 
66.50 
67.50 
68.60 
68.40 
67.80 

67.00 
66.50 
65.90 
65.60 
65.40 
66.80 
65.10 
65.00 
64.90 
64.80 
64.70 
64.70 
64.70 
64.60 
64.60 
64.50 
64.50 
66.50 
66.50 
64.50 
64.50 
64.50 
64.60 
64.70 
64.60 
64.60 
64.80 
64.60 
64.60 
64.60 
64.70 

65.30 
65.10 
65.00 
64.80 
64.70 
64.50 
64.40 
64.30 
64.30 
64.80 
64.40 
64.50 
64.50 
64.50 
64.40 
64.50 
64.30 
64.20 
64.20 
64.20 
64.20 
64.20 
64.20 
64.10 
64.10 
64.00 
64.00 
63.90 
63.90 
68.80 
63.80 

63.80 
63.70 
63.70 
63.70 
63.70 
63.70 
68.70 
63.70 
68.70 
63.60 
63.60 
68.60 
63.50 
63.50 
63.50 
63.50 
63.50 
63.50 
63.50 
63.50 
63.60 
63.60 
63.60 
63.50 
63.40 
63.40 
63.30 
63.80 
63.80 
63.80 
63.30 

63.30 
63.30 
63.30 
63.30 
63.80 
63.20 
63.20 
63.20 
63.20 
63.30 
63.30 
63.30 
63.30 
63.30 
63.80 
63.20 
63.20 
63.40 
63.70 
63.60 
68.50 
68.50 
63.40 
63.40 
63.40 
63.70 
63.80 
63.80 
68.70 
63.50 

63.20 
63.20 
63.20 
63.20 
63.20 
63.20 
63.20 
6S.20 
63.20 
63.20 
63.20 
63.20 
63.20 
63.20 
63.20 
63.20 
63.20 

63.  JO 

2 

63.  a> 

8 

4 

63.9 

63.30 

5 

6J.3F' 

6 

63.  JL' 

7 

8 

9 

10 

6S.'jr> 

63.2r> 

j    63.20 

.   63.3) 

11 

63,9 

12 

13 

14 

15 

16 

17 

.   63.9 
63,9 

J   tB-'JO 

■   63.(1) 

63w<r) 

63.1>> 

18 

63.30     63.20 
68.80  '  63.20 
63.80  '  63.20 

63.11' 

19 

6I.2C> 

20 

68. -JO 

21 

68.80 
63.20 
68.20 

63.20 
63.20 
63.20 

63. 'J& 

22 

63.  J> 

23 

'    63.9 

24 

63.20     63.20 
63.20     63.20 
63.20     63.20 
63.20     63.20 
68.20     63.20 
63.20     63.20 
63.20  1  63.20 
63.20  1 

63.30 

25 

63.46 

26 

63.90 

27 

61.  .10 

28 

6\a.* 

29 

66.  Oj 

30 

66. 3U 

31  

6&0U 

1 

a  Ice  conditions  January,  February,  and  March;  uncertain.         h  Frozen  December  15  to  SI. 


HALL,  JOHNSON 
AND  UOYT 


0N,-| 
.      J 


WABASH   BIVEK   DBATNAOE   BASIN. 


95 


JicUing  table  for  While  River  {East  Branch)  at  ShoaU^  Ind.,from  January  1  to 

December  Sly  1904, 


Gage 
height. 

Discharge. 

height. 
Feet. 

Discharge. 
Sec<md-/eet. 

Gage 
height. 

Discharge- 

height. 

Discharge. 

-Wart, 

Seamd-fed. 

f\eet. 

Secondrfed. 

FM. 

Second-Jeei.  • 

63.0 

215 

64.7 

2,000 

67.4 

8,110 

76.0 

30,030 

63.1 

286 

64.8 

2,150 

67.6 

8,610 

77.0 

32,630 

63.2 

360 

64.9 

2,310 

67.8 

9,110 

80.0 

40,430 

63.3 

440 

65.0 

2,470 

68.0 

9,610 

83.0 

48,230 

63.4 

520 

65.1 

2,640 

68.5 

10,860 

84.0 

50,830 

63.5 

605 

65.2 

2,820 

69.0 

12,110 

85.0 

53,430 

63.6 

695 

65.3 

3,010 

69.5 

13,360 

87.0 

58,630 

63.7 

790 

65.4 

3,210 

.     70.0 

14;  610 

,     88.0 

61,230 

63.8 

890 

I    65.6 

3,640 

]     70.5 

15,860 

!    90.0 

66,430 

63.9 

990 

65.8 

4,110 

71.0 

17, 110 

91.0 

69,030 

64.0 

1,100 

66.0 

4,610    ' 

71.5 

18,360 

92.0 

71,630 

64.1 

1,210 

66.2 

5,110 

72.0 

19,630 

93.0 

74,230 

W.2 

1,330 

66.4 

6,610 

72.5 

20,930 

94.0 

76,830 

64.3 

1,450 

66.6 

6,110 

73.0 

22,230 

95.0 

79,430 

64.4 

1,580 

66. 8 

6,610    , 

73.5 

23,530 

64.5 

1,710 

67.0 

7,110 

74.0 

24,830 

64.6 

1,850 

67.2 

7,610 

1 

75.0 

27,430 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
13  dischar^  measurements  made  during  1903  and  1904.  It  is  well  define<l  between 
gage  heights  63.2  feet  and  65.4  feet.  Above  gage  height  72  feet  the  rating  curve  is  a 
tangent  the  difference  being  260  per  tenth.  Two  flood  measurements  above  65.4  feet 
gage  height  define  the  tangent.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  discharge  of  White  River  {East  Branch)  ai  ShoaUy  Ind.,  for  1904. 

[Drainage  area,  4,900  square  miles.] 


Month. 


January  « 

February  « 

March  « 

April 

May 

June 

July 

August 

September 

October 

November 

December  « 

The  year 


Discharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  square 

mile. 

1.49 

Depth  in 
Inches. 

27,430 

1,100 

7,320 

1.72 

32,630 

2,160 

11,710 

2.39 

2.58 

79,430 

8,360 

25, 310 

5.17 

5.96 

69, 330 

2,640 

1,822 

.372 

.415 

7,110 

1,710 

2,709 

.653 

.638 

4,610 

1,450 

2,375 

.485 

.541 

3,010 

890 

1,539 

.314 

.362 

890 

440 

647 

.132 

.152 

890 

360 

525 

.107 

.119 

605 

360 

435 

.089 

.103 

360 

360 

360 

.073 

.081 

5,360 

215 

932 

.190 

.219 

79, 430 

215 

4,640 

.947 

12.89 

a  January,  February,  March,  and  Decern ber'estimates  computed  as  if  open  channel. 
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CUMBERIiAND  RIVER  DRAINAGE  BASIX. 

Cumberland  River  rises  in  the  eastern  part  of  Kentucky  and  flow* 
west  till  it  meets  the  South  Fork,  which  rises  in  northern  Tennessee 
and  flows  northward.  After  this  junction  the  Cumberland  tuni.'j 
toward  the  southwest  into  Tennessee,  and,  after  flowing  through  the 
north-central  part,  again  enters  Kentucky  in  Trigg  County,  flow^ 
across  the  State,  and  enters  Ohio  River  at  Smithland,  about  15  mile> 
above  the  mouth  of  Tennessee  River.  The  gaging  station  on  thi^ 
river  is  located  at  Nashville,  Tenn. 

CUMBER1.AND    RIVER   AT   NASHVILLE,  TENN. 

The  gage,  which  belongs  to  the  United  States  Engineer  Corps,  i-*  at 
the  foot  of  Broad  street.  It  is  in  three  sections,  two  of  which  are 
upright  and  one  inclined.  The  lowest  section,  extending  from  — 'M' 
foot  to  +46  feet,  is  on  the  slope  of  the  bank  and  consists  of  timt)er^ 
embedded  in  the  ground,  bearing  an  iron  strap,  into  which  the  mark- 
ings are  cut.  The  section  extending  from  gage  height  46  to  53  feet 
is  fastened  to  a  small  building  at  the  top  of  the  bank,  and  consists  of 
a  timber  painted  white  with  black  markings.  The  top  section  of  the 
gage,  extending  from  52  feet  to  55.3  feet,  is  on  the  corner  of  Temper- 
ance Hall,  painted  on  the  stones  in  white  with  black  marking.  In 
addition  there  is  a  vertical  section  reading  from  —1.2  feet  to  +2  feet. 
Discharge  measurements  are  made  from  the  upstream  side  of  Wood- 
lawn  Street  Bridge,  which  has  four  spans  having  a  total  length  of  ♦k^H 
feet.  The  floor  of  the  bridge  is  on  a  slope,  the  lower  or  right  bank 
end  being  about  100  feet  above  low  water.  The  initial  point  for 
soundings  is  the  end  of  the  iron  hand  rail  on  the  upstream  side  of  the 
bridge  at  the  left  bank.  The  channel  is  nearly  straight  for  2,(MX)  feet 
above  and  for  1,500  feet  below  the  station.  The  right  bank  is  high, 
but  overflows  at  high  stages.  It  is  occupied  by  lumberyards  and  saw- 
mills. The  left  bank  is  high,  rocky,  and  is  not  subject  to  overflow. 
The  bed  of  the  stream  is  composed  of  rock  and  is  permanent.  There 
is  one  channel  broken  by  one  pier  at  ordinary  and  by  three  piers  at 
high  water. 

During  October,  1904,  a  lock  and  dam  were  completed  about  ^^ 
miles  below  the  gage,  which  at  low  water  i-aises  the  water  surface  at 
the  gage  about  5^  feet  and  cjiuses  the  low-water  velocity  to  become 
rather  slow  for  good  measurements.  The  datum  of  the  gage  corre- 
sponds to  elevation  110.3  feet  of  the  city  levels.  A  cross,  cut  on  the 
upper  face  of  the  corner  stone  in  the  southeast  corner  of  Temperance 
Hall,  on  Broad  street,  near  Front  street,  is  52  feet  above  the  zero  of 
the  gage,  and  366.6  feet  above  mean  sea  level.  The  highest  oliserved 
water  was  55.3  feet  on  Januarv  22,  1882.  The  lowest  occuri-ed  on 
October  15  and  16,  1878,  at  a  gage  height  of  —0.4  foot.  The  danger 
line  is  at  40  feet. 

Records  have  been  kept  for  a  number  of  years  by  the  United  States 
Weather  Bureau,  from  which  readings  previous  to  those  here  pub- 
lished may  be  obtained. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

DMmrtje  meiumrnnents  of  (hnnberland  River  at  Nashf^UIef  Tenn,,  in  1904. 


Datf 


Hydroflrrapher. 


Width. 


j    Area  of 
section. 


Mean 
velocity. 


May  18 J.  M.  Giles 

May  19 do 

May  20 do 

August  19 do 

August  19 do 

August  20 do 

October  22 do 


Fe€l. 

Sq./cet. 

344 

4,789 

344 

5, 034 

344 

5, 031 

313 

2,991 

313 

3,000 

313 

2,924 

328 

4,239 

Ft.  per  9CC. 

2.87 

2.79 

2.59 

.88 

.88 

.83 

.36 


height. 


Frrt 
8.  25 
8.  85 
8.13 
2.26 
2.30 
^.  ^^ 
"  6. 60 


Dis- 
charge. 


Second-Jt. 

13,  730 

14,030 

13,030 

,2,630 

2,648 

2,428 

1,534 


«  Rise  in  gage  height  caused  by  new  dam  2k  miles  below  sUition-^S.G. 
^fean  daily  gage  heightj  infeet^  of  (himberland  River  at  yaahrille,  Teiin.y  for  1904. 


Day. 


Jan. 


1 11.50 


2. 

3. 

1. 

ft. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 


9.40 
9.40 
9.70 
9.40 
10.50 
11.00 
10.40 
9.00 
7.60 
6.70 
6.10 
6.00 
6.00 
7.20 
7.00 
7.10 
9.00 
9.70 


Feb.  I  Mar.  j   Apr.  |  May. 


20 10.00  I 

21 11.40 

22 14.30 

23 16.80  j 

24 i  16.60 

25 18.00 

26 20.00 

27 20.  .)0 

•28 18.70 

29 15.(K) 


8.60 
7.60 
6.90 
6.30 
5.80 
5.40 
5.00 
4.90 
4.90 
4.90 
5.70 
7.20 
8.00 
7.60 
7.20 
7.00 
6.00 
5.60 
5. 30 
5.10 
5.00 
5. 10 
5.30 
5.30 
5. 60 
6.40 
7.90 
9.f.0 
10. 10 


10.10 

9.80 

9.70 

9.40 

9.10 

8.70 

9.80 

14.30 

15.70 

17.80 

21.20 

22. 50 

20.70 

18.30 

16.00 

14.40 

14.60 

14.30 

13.60 

13.00 

12.40 

IS.  10 

21.40 

26. 10 

27.90 

31.30 

37.30 

37. 20 

36.90 


I     „ 


30. 
31. 


12.60    36.20 

10.00    3:J.90 

I 


«Damat  IfK'k  2i  milas  below  put 
low-water  stage. 

IRR  12S— 05 7 


31.90 
24.10 
19.20 
15.40  ; 
13.20  , 
11.70  ! 
10.40  I 
9.60 
8.80 
8.50 
8.40 

8.60  ; 

8.30  ■ 

7.80 

/.40 

7.10 

6.80 

£.80 

6.40 

6.20 

6.10 

6.00 

6.00 

6.00 

6.  10 

6.70 

6.90 

7.:«) 

8.  (K) 

8.70 


9.50 

9.80 

9.80 

10.50 

11.40 

12.40 

11.90 

10.90 

10.70 

10.20 

10.00 

10.20 

10.00 

10.30 

10.00 

9.10 

8.40 

8.30 

8.30 

8.10 

7.50 

6.90 

6.30 

6.00 

5.70 

5. 40 

5.00 

4.60 

4.20 

4.20 

5.00 


I     ^ 


June. 

6.90 
8.40 
11.70 
14.00 
16.20 
14.40 
13. 10 
14.80 
14.70 
14.00 
11.80 
10.00 
vS.70 
7.50 
6.40 
5.50 
4.90 
4.40 
4.30 
3.60 
4.10 
3.70 
3.40 
3.50 
3.40 
3.30 
3.20 
4.20 
5. 50 
5.  10 


July.     Aug.     Sept.      Get.  '  Nov 


6.20 

5.40 

4.80 

4.80 

4.90  • 

4.70  ' 

4.60 

4.00 

4.20 

4.50 

4.80 

4.60 

4.70 

4.10  . 

3.90 

3.70 

8.60  , 

8.30 

3.80 

8.70 

3.50 

3.50 

8.70 

8.30 

3.00 

3.00  I 

3.00 

3.00 

2.80 

2.80  ' 

2.70 


2.70 

2.70 

8.00 

2.90 

2.70 

2.70 

2, 70 

2.  r.0 

2.  .TO 

2.50 

2.40 

2.50 

2.60  1 

2.50 

2.50 

2.40 

2.30  ' 

2.30 

2.20 

2.20 

2.20 

2.20 

2.30 

2.30 

2.80 

4.40 

3.90 

3.30 

2.90 

2. 60 

2. 50 


2.30 
2.10 
1.90 
8.20 
2.10 
1.80 
1.70 
1.60 
1.70 
1.60 
1.50 
1.40 
1.40 
1.40 
1.50 
1.40 

\.m 

1.20 
1.20 
1.70 
1.20 
1.30 
1.20 
1.10 
1.00 
1.00 
1.10 
1.10 
1.10 
1.00 


1.00 
1.10 
1.20 
1.10 
1.00 
1.00 
1.00 
1.00 
1.20 
1.00 
nl.50 
2.80 
3.70 
4.60 
5.:}0 
6.00 
6.50 
6.1)0 

6.60 
6.60 
6.60 
6.60 
6.  m 
6.  W 
6. 60 
6.  m 
6.60 
6. 60 

6.  m 

6.  .X) 


6.60 

6.60 

6.70 

6.70 

6.80 

6.70 

6.80 

6.80 

6.90 

6.90 

6.90  * 

6.90 

6.90 

6.80 

6.80 

6.80 

6.  .SO 

6.90 

6.90 

6.90 

6.90 

6.90 

6.90 

6.90 

6.90 : 

6.90  ' 

6.90  ' 

6.80  ' 

6.80  ' 
f..  80 


Dec. 

6.80 
6.90 
6.90 
6.90 
7.00 
7.00 
7.40 
7.40 
7.50 
8.30 
8.10 
8.90 
9.00 
8.70 
8.50 
8.30 
8.30 
8.30 
8.30 
8.10 
8.00 
7.80 
7.70 
7.80 
8.  TO 
8.90 
11.40 
18.40 
16.70 
18.50 
18.80 


into  operation,  raising  water  level  at  gage  about  5.6  feet  above 
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TENNESSEE  RIVER  DRAINAGE  BASIN. 

Tennessee  River  is  formed  by  the  junction  of  the  French  Broad  and 
the  Ilolston  about  4  miles  above  Knoxville,  Tenn.  It  flows  southwest, 
crossing  into  Alabama  about  40  miles  below  Chattanooga,  Tenn.,  and. 
after  crossing  the  northern  part  of  Alabama,  again  enters  Tennessee 
in  Harding  County.  It  then  flows  north,  crossing  Tennessee  and 
Kentucky,  and  enters  Ohio  River  at  Paducah,  about  40  miles  above 
Cairo.  Its  principal  tributary  on  the  north  is  Clinch  River,  which 
enters  it  near  Kingston,  Roan  County,  Tenn.  The  principal  tributa- 
ries on  the  south  are  Hiwassee  and  Little  Tennessee  rivers.  Hiwassee 
rises  in  the  northern  part  of  Georgia  and  flows  into  the  Tennessee 
about  30  miles  above  Chattanooga.  Its  principal  tributaries  are  the 
Okoee  and  the  Nottely.  Little  Tennessee  River  rises  in  the  north- 
eastern corner  of  Georgia,  flows  across  the  southwestern  part  of  North 
Carolina,  and  enters  the  Tennessee  near  Loudon,  Tenn.  Its  principal 
tributary  is  the  Tuckasegee.  French  Broad  River  rises  in  the  western 
part  of  North  Carolina.  Its  principal  tributaries  are  the  Pigeon  and 
the  Nolichucky.  Ilolston  River  rises  in  the  western  part  of  Virginia. 
Its  principal  tributary  is  Watauga  River,  into  which  stream  Roan 
Creek  enters. 

FRENCH   BROAD   RIVER  AT  HORSESHOE,  N.  C. 

This  station  was  established  October  4,  1904,  by  B.  S.  Drane.  It  Is 
located  at  the  steel  highway  bridge  at  Horseshoe,  N.  C.  A  plain  staff 
gage,  graduated  to  feet  and  tenths,  is  attached  vertically  to  a  li  by  4 
inch  oak  timber  which  is  driven  into  the  bed  of  the  stream  to  a  limi 
foundation  and  nailed  to  an  overhanging  birch  on  the  right  bank,  25 
feet  below  the  bridge. '  The  gage  is  read  once  each  day  by  Charle> 
Duncan.  Discharge  measurements  are  made  from  the  downstream 
side  of  the  single-span,  five-panel  truss  bridge  mounted  on  stone  abut- 
ments. The  approach  on  each  side  is  over  an  earth  embankment.  On 
the  left  bank  a  flood  channel  81  feet  wide  is  opened  through  the 
embankment  140  feet  from  the  end  of  the  bridge.  The  initial  point 
for  soundings  is  on  the  downstream  hand  rail  over  the  inner  edg-e  of 
the  capstone  of  the  left  abutment.  The  channel  is  straight  for  about 
2,000  feet  above  and  1,500  feet  below  the  station.  The  current  is  of 
fair  velocity  at  all  stages  except  at  the  lowest  when  it  inclines  to  lie 
sluggish  along  the  right  bank.  The  right  bank  is  of  earth,  wooded, 
and  about  15  feet  high.  The  left  bank  is  similar  but  is  cleared.  The 
earth  embankments  on  either  side  to  the  higher  ground  are  of  such  a 
height  that  all  the  water  passes  beneath  the  bridge  and  the  overflow 
channel  at  all  stages.  There  is  but  one  channel  at  low  and  ordinary 
stages.  The  bed  of  the  stream  is  composed  of  sand  and  a  few  rocks. 
It  is  smooth  and  permanent.     Bench  mark  No.  1  is  the  upper  surface 
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of  the  downstream  end  of  the  first  floor  beam  from  the  left  bank,  16 
feet  from  the  initial  point  for  soundings.  Its  elevation  is  20.48  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  center  of  the 
head  of  a  wire  nail  driven  into  the  downstream  face  of  a  large  birch 
tree  on  the  right  bank,  about  20  feet  above  the  bridge.  Its  elevation 
is  12.40  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  French  Broad  River  at  Horseshoe^  N.  C,  in  1904' 


Date. 


Hydrographer. 


July  18 

Aognst  18  . . 
October  3--. 
December  7, 


B.  S.  Drane. 

do 

do 

do 


Width. 

Area  of 
section. 

1 

Feet. 
82 
82 
81 
81 

Sq.feet. 
241 
285 
192 
318 

Mean 
velocity. 

Gage 
height. 

Ft.  per  9ec. 

Feet. 

1.64 

0.86 

1.86 

1.51 

1.50 

.51 

1.84 

1.91 

Dis- 
charge. 


Second-fl. 
396 
529 
290 
584 


Mexin  daily  gage  height,  in  feet,  of  French  Broad  River  at  Horseshoe^  N.  C,  for  1904. 


Day. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Oct. 

Nov. 

Dec. 

0.60 

0.35 

0.60  , 

.60 

.35 

.55 

.50 

.46 

.65 

.50 

2.45 

.75 

.60 

2.10 

.75 

.50 

1.76 

4.60 

.50 

1.00 

2.20 

.55 

.76 

1.50 

.46       .60 

1.30 

.45       .60 

1.10 

.40 

.56 

1.10 

Oct. 

Nov. 

0.30 

0.65 

.30 

.65 

.80 

.66 

.35 

.55 

.35 

.55 

.35 

.65 

.35 

.50 

.35 

.60 

.35 

1 

Dec. 


0.76 
.75 
.90 
1.00 
1.56 
6.00 
3.30 
2.15 
1.80 


FRENCH    BROAD   RIVER  AT    BINGHAM    SCHOOL  BRIDGE,  NEAR  ASHE- 

VILLE,  N.  C. 

This  station  was  established  in  September,  1895,  by  C.  C.  Babb.  It 
is  located  at  Bingham  School  Bridge  crossing  French  Broad  River  at 
Riverside  Park,  about  3  miles  west  of  Asheville,  N.  C.  It  was  main- 
tained as  a  regular  station  from  1895  to  the  close  of  1901.  It  is  now 
maintained  as  a  bench-mark  station.  Discharge  measurements  are 
made  from  the  upstream  side  of  the  three-span  bridge.  The  initial  point 
for  soundings  is  the  right  end  of  the  iron  bridge  on  the  upstream  side. 
The  channel  is  straight  for  about  700  feet  above  and  below  the  station. 
The  current  is  swift.  Both  banks  arc  high,  wooded,  and  not  liable  to 
overflow.     The  bed  of  the  stream  is  composed  of  bowlders,  very  rough. 
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and  permanent.  There  is  but  one  channel  at  all  stages,  broken  by  two 
piers  at  ordinar}^  stages  and  four  piers  at  high  stages.  Since  the  reg- 
ular station  was  discontinued  a  large  waterpower  development  ba< 
been  installed  about  six  miles  below,  and  it  is  possible  that  the  rating 
of  the  station  has  been  changed  and  the  flow  affected.  Bench  mark 
No.  1  is  the  upper  edge  of  the  steel  plate  riveted  to  the  bridge  post,  over 
the  second  floor  beam,  from  the  right  bank,  on  the  upstream  side  of 
the  bridge.  Its  elevation  is  20  feet  above  gage  datum.  Bench  mark 
No.  2  is  the  center  of  the  head  of  a  small  nail  driven  into  the  limb  on 
the  downstream  side  of  a  large  sycamore  tree  on  the  right  hank,  ju-t 
above  the  bridge,  along  which  a  platform  runs  out  over  the  water. 
Its  elevation  is  11.71  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  Tneasurements  of  French  Broad  Birer  at  Bingham  School  Bridge^  near  A$hf- 

viUe,  N.  C'.,  in  1904^ 


Date. 


Hydrographer. 


Width. 


May  21 H.  S.  Drane. 

May  23 do 

July  20 ; do 


Area  of 
section. 


Mean 

velocity. 


Gaire 
heignt. 


r>i* 

chaivr 


FM. 

Sfj./ert. 

279 

564 

279 

565 

268 

414 

Fl.perstc.  1 

FefL 

&rrw:./  ■?. 

2.08 

2.72 

IAT2 

2.01 

2.64 

1J.> 

1.52 

2.16 

hV* 

FRENCH   BROAD   RIVER   AT  SMITH    BRIIXIE,  NEAR  A8HEVILX.E,  N.    C. 

This  station  was  established  May  21,  1904,  as  a  bench-mark  station. 
It  is  located  about  1  mile  below  the  Southern  Railway  depot  at  Ashe- 
ville,  N.  C,  and  just  down  the  hill  from  the  terminal  of  the  Patton 
avenue  line  of  the  Asheville  Street  Raihvay  Compan}'.  The  Southern 
Railway  bridge  is  about  1,500  feet  below  and  the  Bingham  School  bridge 
about  a  mile  below  the  station.  A  plain  staff  gage,  graduated  to  f  et»t  and 
tenths,  the  property  of  the  United  States  Weather  Bureau,  is  bolted 
vertically  to  the  southwest  corner  of  the  second  stone  pier  from  the 
left  bank.  A  short  section,  reading  from  0.00  downward,  is  sot  just 
downstream  from  the  main  section.  Discharge  measurements  an» 
made  from  the  downstream  side  of  the  four-span  bridge  to  which  tho 
gage  is  attached.  The  initial  point  for  soundings  is  the  left  end  oi 
the  downstream  hand  rail.  The  channel  is  straight  for  about  !.."»<•«• 
feet  above  and  800  feet  below  the  station.  The  current  has  a  g-ood 
velocity.  Both  l)anks  are  clean,  and  will  not  overflow  bej'ond  th«^ 
bridge  and  its  ap})roaches.  The  bed  of  the  stream  is  compbsed  of 
sand  and  silt,  with  a  few  scattered  bowlders.  There  is  but  one  chan- 
nel at  all  stages,  broken  ])v  three  piers  at  ordinaiy  stages  and  tiv»» 
piers  at  high-water  stages.  The  operations  of  a  waterpower  develop- 
ment about  7  miles  below  will  probal)ly  affect  the  flow  at  this  {x^int. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  French  Broad  River  at  Smith  Bridge,  near  AsheviUe,  N,  C, 

in  1904. 


Date. 


Hydrographer. 


May  21 

July  20 

August  13 

October  1 do 

December  10 do 


B.  S.  Drane. 

.-..do 

:---do 


width. 


Feet. 
345 
339 
350 
328 
330 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Fret. 

Sq.feti. 

Ft.  prr  iwT. 

843 

1.31 

• 

-0.24 

668 

1.06 

-  .68 

898 

1.92 

.09 

487 

1.04 

-    .91 

656 

1.08 

-  .68 

Dis- 
charge. 


Secmid-Jt. 

1,107 

707 

1,  726 

506 

707 

FRENCH   BROAD  RIVER  AT  OLDTOWN,    NEAR  NEWPORT,    TENN. 

This  was  originally  one  of  the  temporary  stations  established  in 
connection  with  the  general  hydrographic  study  of  the  southern 
Appalachian  region. 

The  original  gage  put  in  at  this  station  was  carried  away  with  the 
old  bridge  by  flood  early  in  the  spring  of  1902. 

A  wire  gage  was  established  on  the  new  bridge  October  27,  1902, 
by  B.  S.  Drane.  The  wire  gage  was  replaced  April  29,  1903,  by  a 
standard  chain  gage,  with  inclosed  scale,  with  its  zero  133  feet  from 
initial  point  for  soundings^  This  gage  was  made  to  read  the  same  as 
the  one  which  it  replaced.  The  length  of  the  chain  from  the  end  of 
the  weight  to  the  marker  is  28  feet.  Discharge  measurements  are 
made  from  the  downstream  side  of  the  steel  highway  l)ridge,  in  four 
spans,  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  the  end  of  the  guard  rail  at  the  left  end  of  the  bridge,  on  the  down- 
stream side.  The  channel  is  straight  for  about  600  feet  above  and  below 
the  station.  The  velocity  is  moderately  swift,  well  distributed,  and  can 
be  measured  at  all  stages.  Both  banks  are  high  and  wooded,  and  all 
water  passes  beneath  the  bridge  at  all  stages.  The  section  is  smooth 
and  regular,  and  the  bed  is  of  gravel  and  sand,  not  subject  to  much  change. 

Bench  mark  No.  1  is  a  point  marked  in  white  paint  on  the  sharp, 
rectangular  corner  of  the  angle  iron  connection  between  the  floor 
beam  and  the  -first  post  on  the  downstream  side  in  the  second  span 
from  the  left  end  of  the  bridge.  This  point  is  toward  the  right  bank 
and  is  25.84  feet  above  gage  datum.  Bench  mark  No.  2  is  the  top 
of  the  copper  bolt  set  in  a  bowlder  projecting  from  the  hillside  on  the 
left  bank  175  feet  downstream  from  the  center  line  of  the  bridge,  8 
feet  from  the  center  of  the  road,  and  about  4  feet  above  ground.  This 
rock  is  the  first  smooth-faced  ledge  of  limestone  outcropping  close  to 
the  road.  The  face  next  the  road  is  nearly  vertical  for  a  length  of  4 
feet.     The  elevation  of  the  bench  mark  is  29.52  feet  above  gage  datum. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrogi'apher: 

Discharge  meaauremenU  of  French  Broad  River  at  OUUoum^  near  Newport,  Term.,  in  1904^ 


Date. 


February  23 
February  23 
March  29... 
April  27.... 

July  8 

August  20  . . 
October  15.. 


Hydrogrrapher. 


Width. 


B.  S.  Drane. 

.-^..do 

do 

M.  R.  Hall , 

J.  M.  Giles  . 

B.  S.  Drane. 

do    .... 


Area  of 
section. 


Mean 
velocity. 


Feet. 

Sq.feel, 

453 

2,155 

453 

2,136 

450 

1,928 

448 

1,925 

334 

1,371 

463 

1,492 

442 

1,267 

Ft.peraec. 
2.59 
2.51 


Ga^  Irif^ 

height.    ,  chanr^. 


1.97 

1.57 

.76 

.92 

.40 

■ 

FixL 
2.92 

2.87 
2.34 
2.12 
1.30 
1.50 
.98 


-ft. 
5,5ds 
5,35h 
3,8W 
3,025 
1,045 

i,asii 

50?< 


Mean  daily  gage  heighty  in  feet,  of  French  Broad  Ricer  at  Oldtoton,  near  Newport^  TewK., 

for  1904. 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
V.\. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
■25. 
2t». 


27 


28. 
29. 
30. 
31. 


Jan. 

1 

Feb. 

Mar. 

1.90 

Apr. 
2.00 

May. 

June. 

July. 
1.96 

Aug. 

Sept. 

Oct. 

Nov.   ,  rurx-. 

'    1.30 

1.50 

2.00 

2.30 

1.40 

1.45 

1.10 

0.95        ] 

•  S 

1.30 

1.50 

2.00 

1.90 

1.80 

2.40 

1.70 

1.70 

1.40 

1.10 

1.00        1 

■JL- 

1.30 

1.40 

1.90 

1.80 

2.00 

2.00 

1.60 

1.60 

1.80 

1.05 

1.05        ] 

.3«' 

1.30 

1.50 

1.90 

1.80 

1.85 

1.80 

1.50 

1.50 

1.90 

1.00 

1.10        1 

I.,-' 

1.20 

1.50 

1.90 

1.75 

1.90 

1.70 

1.40 

1.65 

1.80 

1.00 

1.50        ] 

L-f- 

1.20 

1.40 

2.00 

1.70 

1.80 

1.60 

1.45 

1.60 

1.70 

1.00 

1.70        1 

l.if 

1.20 

1.60 

2.90 

1. 75 

1.85 

1.70 

1.40 

1.70 

1.45 

1.00 

1.40 

LI' 

1    1.80 

2.10 

4.50 

1.90 

2.00 

1.90 

1.30 

1.80 

1.40 

1.00 

1.30        1 

I.:.' 

1.40 

2.10 

3.70 

2.00 

3.a5 

1.85 

1.70 

1.80 

1,35 

1.00 

1.20        J 

L5t. 

1.30 

1.80 

2.70 

2.00 

2.80 

1.65 

1.60 

1.85 

1.40 

1.00 

1.10        ] 

l.'u 

1.30 

1.70 

2.55 

2.00 

2.40 

1.70 

1.50 

1.90 

1.36 

.96 

1.00        1 

L.V 

1.40 

1.60 

2.30 

1.90 

2.20 

1.65 

1.40 

2.00 

1.40 

1.00 

1.10 

1.4.'^ 

1    1.70 

1.50 

2.15 

1.90 

2.00 

1.60 

LSO 

1.90 

1.40 

1.00 

1.20 

l.«> 

1.60 

1.40 

2.10 

1.80 

1.96 

1.60 

1.30 

1.70 

1.35 

.95 

1.45 

1  .•«"• 

1.60 

1.60 

2.20 

1.80 

1.90 

1.45 

1.20 

1.60 

1.30 

1.00 

1.45 

l.U' 

'    1.50 

1.50 

2.00 

1.80 

1.80  1 

1.45 

1.15 

1.70 

1.26 

.95 

1.40 

1  ;3 

2.00 

1.50  ' 

1.90 

1.80 

1.75 

1.40 

1.15 

1.55 

1.20 

.96 

1.S& 

I  A 

2.10 

1.50 

1.90 

1.80 

1.70 

1.40 

1.15 

1.55 

1.20 

.90 

1.30 

I   .* 

I    2.10 

1.40 

1.95 

1.70 

1.70 

1.85 

1.20 

1.50  . 

1.15 

.96 

*.30 

!..> 

1.90  ■ 

1.50 

1.90 

1.70 

1.70 

1.75 

1.20 

1.60  ■ 

1.20 

.95 

1.25 

ir 

1.90 

1.60 

2.00 

1.75 

1.65 

1.70' 

1.40 

1.50 

1.15 

1.00 

1.25 

I.Sl 

2.00 

1.80 

2.20 

1.80 

1.60 

1.75 

1.30 

1.50 

1.20 

.96 

1.26 

i._*" 

2. 10 

2.90 

4.20 

1.70 

1.55 

1.65 

1.40 

1.55 

1.15 

1.05 

1.40 

Lr- 

•  2.50 : 

2.30 

3.70 

1.75  ! 

1.60 

1.55 

1.56 

1.95 

1.15 

.« 

1.30 

1.- 

'    1.90 

2.00 

3.10 

1.70  ; 

1.65 

1.45  '- 

1.85 

1.70 

1.15 

1.00 

1.25 

1  *' 

1.80 

1.90 

2.80 

1.75  « 

1.60 

1.60 

1.50 

1.75 

1.10 

1.00 

1.-^ 

Li 

1.60 

2.20 

2.7.=> 

2.1,') 

1.60  ' 

1.60 

1.50  , 

.70 

1.20 

1.00 

1. 10 

l.-r 

1.60 

2. 20 

2.60 

2.:«) 

1.55  1 

1.70 

1.45  ■ 

2.00  ' 

1.10 

.95 

1.00 

I  ♦. 

1.50 

2.00  1 

2.30 

2.20 

1.50 

1.90  , 

1.40 

1.95 

1.15 

1.00 

1.10        : 

»      V 

1.40 

2.20 

2.10 

1.50 

1.90 

1.30 

1.60  : 

1.15  • 

l.UO 

1.2U        1 

.N 

1.70  j 

1 
1 

2.10 

1,80 

1.30  ■ 

1 

1.50 

1.00 

1 

T 

,  •« 

1 

.    _ 

1 
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Rating  table  for  French  Broad  River  at  Oldtaum,  near  Newport,  Tenn.y  from  January 

1  to  December  SI,  1904. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Diflchaige. 

Gage 
height. 

Discharge. 

Fset. 

Secondr/eeL 

Feet. 

Secondr/cet. 

Itet. 

Second-feet. 

Feet. 

Second/eet. 

0.9 

400 

1.9 

2,410 

2.8 

5,140 

3.7 

8,805 

1.0 

535 

2.0 

2,680 

2.9 

5,500 

3.8 

9,245 

1.1 

685 

2.1 

2,955 

3.0 

5,875 

3.9 

9,690 

1.2 

850 

2.2 

3,235 

3.1 

6,260 

4.0 

10, 140 

1.3 

1,030 

2.3 

3,525 

3.2 

6,660 

4.1 

10, 590 

1.4 

1,225 

2.4 

3,825 

3.3 

7,075 

4.2 

11,050 

1.5 

1,435 

2.5 

4, 135 

3.4 

7,500 

4.3 

y,510 

1.6 

1,660 

2.6 

4,455 

3.5 

7,930 

4.4 

11, 980 

1.7 

1,900 

2.7 

4,790 

3.6 

8,365 

4.5 

12,450 

1.8 

2,150 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  Ih  based  upon 
7  discharge  measurements  made  during  1904,  and  one  measurement  made  during 
1903  to  determine  the  upper  part  of  the  curve.  It  is  well  defined  l>et\veen  gage 
heights  1  foot  and  3  feet. 

Estimated  monthly  discharge  of  French  Broad  River  at  Oldtown,  near  Newport^  Tenn.f 

for  1904. 

[Drainage  area,  1,737  square  miles.] 


Month. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August  ... 
Septemljer 
October. . . 
November 
December. 


Discharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  sQuare 

mile. 

Depth  in 
inches. 

4,135 

850 

1,758 

1.01 

1.16 

5,500 

1,225 

2,063 

1.19 

1.28 

12, 450 

2,410 

4,271 

2.46 

2.84 

3,525 

1,900 

2, 333 

1.34 

1.50 

7,288 

1,435 

2,407 

1.39 

1.60 

3,825 

1,225 

1,957 

1. 13 

1.26 

2,545 

768 

1,299 

.748 

.862 

2,680 

1,  225 

1,877 

1.08 

1.24 

2,410 

685 

1,125 

.648 

.723 

685 

400 

526 

.303 

.349 

1,900 

468 

943 

.543 

.606 

3,380 

850 
400 

1,375 

.792 

.913 

12,450 

1,828 

1.05 

14.33 
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STREAM    MEASUREMENTS    IN    1904,   PART    V. 


[so.  l!^ 


SWANNANOA    RIVER   AT   BILTMORE,    N.    C. 

Thin  station  was  established  as  a  bench-mark  station  May  21,  19<4. 
by  B.  S.  Drane.  It  is  located  at  the  Biltmore,  N.  C,  terminal  of  thi- 
Asheville-Biltmore  electric  I'ailway  line, about  three- fourths  luilo  alxne 
the  mouth  of  Swannanoa  River.  Discharge  measurements  are  mad*» 
from  the  upstream  side  of  a  single-span  highway  bridge.  The  initial 
point  for  soundings  is  the  right  end  of  the  upstream  hand  rail  of  the 
bridge.  The  channel  is  straight  for  about  1,000  feet  above  and  curvet! 
for  300  feet  below  the  station.  The  current  is  sluggish  above  and 
somewhat  swifter  below  the  bridge.  Both  banks  are  high  and  not  sul)- 
ject  to  overflow.  The  bed  of  the  stream  is  composed  of  sand.  There 
is  but  one  channel  at  all  stages.  Bench  mark  No.  1  is  the  center  of 
the  center-pin  bearing  at  the  upstream  end  of  the  second  floor  beam 
from  the  right  bank.  Its  elevation  is  16  feet  above  the  datum  of  the 
gage.  Bench  mark  No.  2  is  the  center  of  the  head  of  a  small  wire 
nail  driven  into  a  triangular-shaped  blaze  in  the  downstream  side  of  a 
birch  tree  on  the  right  bank,  about  25  feet  above  the  bridge.  It»<  ele- 
vation is  5.74  feet  above  the  datum  of  the  gage. 

DMiarge  vieajniremaits  of  Sioannanoa  River  at  BilUnore,  N,  C.^  in  1904. 


Date. 


Hydrographer. 


Width. 


Area  of  I 
section.  ! 


May  21 

July  20 

August  16 do 


B.  S.  Drane 
do 


Fed. 
73 
''2 


/ 


/4  I 


Sq.feeL 
165 
107 
134 


Mean 
velocity. 


Ft.  per  KC. 

0.86 

.35 

.75 


height. 


Ft€t. 

1.12 
.71 
.97 


I>i«*harc< 


143 

:^ 

lU' 


TENNESSEE   RIVER   NEAR   KNOXVILLE,  TENN. 

This  station  was  originall}'  established  by  the  United  States  Weather 
Bureau  at  the  old  county  highway  bridge,  which  has  been  torn  down 
and  replaced  by  a  new  bridge.     Instead  of  placing  the  gage  at  the  new 
l)ridge,  it  wa.s  decided  to  move  it  down  the  river  in  order  to  get  l>elo\Y 
some  shoals  and  wing  dams  which  have  been  put  in  for  boating-.     A 
temporary  gage  was  put  in  at  the  Knoxville  and  Augusta  JRiiilroad 
bridge,  a  half  mile  below  the  highway  bridge,  and  was  used  durin*r 
the  greater  part  of  the  year  1899.     In  the  latter  part  of  that  ^^ear  a 
new  permanent  gage  was  established,  and  readings  from  it  be^m  on 
Novemf)er  1,  1899.     The  new  gage  is  on  the  right  bank  of  the  river, 
just  below  tlie  mouth  of  West  Knoxville  Bayou,  and  about  1,<K>0  feet 
below  tlie  tempomiy  gage  at  the  Knoxville  and  Augusta  Kailroad 
bridge.     The  gage,  which  is  graduated  to  feet  and  tenths,  is  in  two 
sections — the  first,  a  sloping  section,  made  of  a  2  by  4  inch  pine  tim- 
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ber  spiked  on  top  of  an  8  })y  8  inch  oak  sill  well  bolted  to  piles  and 
embedded  in  crushed  stone,  reading  from  ~ 2  to  +12  feet;  the  second, 
a  vertical  section,  attached  to  one  of  the  bents  of  the  railroad  trestle 
across  West  Knoxville  Bayou,  about  50  feet  from  the  bank  of  the 
river  and  from  the  sloping  gage,  reading  from  12  to  36.5  feet.  The 
gage  is  fastened  to  the  upstream  post  of  the  bent,  facing  away  from 
the  river.  The  zero  of  the  gage  is  804.3  feet  above  sea  level.  The 
gage  was  located  for  the  United  States  Weather  Bureau  by  the  United 
States  Engineer  Corps.  Daily  records  are  kept  by  the  United  States 
Weather  Bureau  and  are  furnished  to  the  Geological  Survey.  Until 
recently  discharge  measurements  have  been  made  from  the  Cherokee 
Bi'idge,  about  2i  miles  downstream  from  the  Gay  street  or  county  bridge, 
at  which  measurements  are  now  made,  and  which  is  one-half  mile 
above  the  Knoxville  and  Augusta  Bailroad  bridge.  The  Gay  Street 
Bridge  has  seven  spans,  with  a  total  length  of  1,570  feet.  The  floor 
of  the  bridge  is  al)out  100  feet  above  low  water.  The  initial  point  for 
soundings  is  the  end  of  the  bridge  on  the  right  bank,  downstream  side. 
The  channel  is  straight  for  one-half  mile  above  and  for  1,000  feet 
below  the  station.  The  pight  bank  will  overflow  for  about  400  feet 
and  the  left  bank  for  200  feet,  beyond  which  points  a  steep  high  bluff 
begins  on  both  sides  of  the  river.  The  bed  is  of  rocks  and  gravel, 
and  is  rough  and  probably  permanent.  The  current  is  swift  and  some- 
what broken  by  the  rough  bed  and  by  the  remains  of  old  piers.  The 
bench  mark  is  a  cross  in  the  stone  on  the  east  corner  of  the  base  of 
the  right-bank  pier  of  the  Knoxville  and  Augusta  Railroad  bridge. 
Its  elevation  is  2.4  feet  above  the  zero  of  the  gage  and  806.7  feet  above 
sea  level. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

IHncharge  tneatnirements  of  Ihinennee  River  near  KnoxnUef  Tenn.f  in  J 904. 


Dale, 


Hydnigraplier. 


February  27  ...    ().  P.  Hall. 

July  7 J.  M.  GileB 

August  () B.  S.  Drane 

October  21 1 do 


Width. 

Area  of 
section. 

Mean 
vekK'ily. 

Gage 
height. 

>M. 

.Sf/./rW. 

M.  p*r  wc. 

Fed. 

890 

6, 958 

3.32 

5.70 

644 

3, 588 

1.88 

1.42 

668 

3,501 

1.73 

1.26 

629 

2,110 

.86 

.36 

charge. 


'  Secatid-Jl. 

23,100 

6,728 

6,031 

1,813 


106 


STREAM   MEA8UBEMENT8   IN   1904,  PART    V. 


[yo.  1:5. 


}fean  daily  gage  heigfUt  infeety  of  Tennessee  River  near  KnoxvilU,  Tenn,Jor  1904- 


1 
Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct- 

-0.10 

-  .10 

-  .20 

-  .20 

-  .20 

-  -20 

-  .30 

-  .30 

-  .30 

-  .30 

-  .30 

-  .30 

-  .30 

-  .20 

-  .30 

-  .30 

-  .90 

-  .30 

-  .30 

Not. 

-0.30 

-  .30 

1-  .SO 

I-  -^ 

1-  .20 
.40 
.40 
.30 
-2D 

-  .10 

-  .20 

-  .10 
.00 
.20 
.50 
.60 
.50 
.30 

I>h:. 

1 

0.80 

.70 

.50 

.50 

.50 

.20 

.10 

.10 

.20 

.40 

.40 

.40 

.60 

.90 

1.00 

1.10 

1.00 

1.10 

1.30 

0.80 

.80 

.70 

.60 

.60 

.60 

.70 

2.10 

2.60 

2.90 

2.60 

2.00 

1.70 

1.30 

1.20 

1.10 

1.10 

1.10 

1.00 

3.80 
3.50 
3.80 
3.60 
3.20 
2.90 
3.40 
6.60 
8.80 
6.70 
5.40 
4.90 
4.20 
3.90 
3.70 
3.50 
3.10 
2.90 
2.70 

3.20 
3.40 
3.10 
2.80 
2.60 
2.30 
2.20 
2.20 
2.50 
2.60 
2.70 
2.40 
2.20 
2.00 
2.00 
2.00 
3.00 
2.90 
2.10 

4.50 
3.70 
3.10 
2.90 
2.70 
3.90 
3.30 
2.80 
3.00 
5.00 
4.80 
3.80 
3.30 
2.90 
2.70 
2.40 
2.30 
2.00 
1.90" 

1.10 

2.70 

3.10 

2.80 

2.10 

1.70 

1.40 

1.50 

1.60 

1.60 

1.30 

1.20 

1.40 

1.20 

1.00 

.90 

.80 

.70 

.70 

3.10 

2.70 

2.70 

1.90 

1.50 

1.20 

1.40 

1.30 

1.20 

1.60 

1.50 

2.00 

1.60 

1.10 

.90 

.80 

.80 

.60 

.70 

0.70 
.80 
1.50 
1.20 
1.40 
1.20 
1.30 
1.30 
1.60 
1.40 
1.50 
1.50 
1.70 
1.80 
1.60 
2.10 
1.40 
1.30 
1.20 

0.60 

.50 

.50 

1.00 

1.00 

1.00 

1.20 

.80 

.60 

.50 

.40 

.30 

.20 

.30 

.20 

.20 

.10 

.00 

.00 

0.  ..' 

2 

.*? 

3 

V 

4 

.+1 

5 

.IS 

6 

L.i: 

7 

2L13) 

8 

:?.* 

9 

'L3 

10 

1  •) 

11 

l..«. 

12 

1    <i: 

13 

].«.•• 

14 

•4> 

15.. 

.<#• 

16 

•«■ 

17 

.»«.• 

18 

.'4- 

19 

;* 

20 

1.40 

1.60 

2.60 

1.90 

1.80 

.90 

.50 

1.00 

.00 

-  .30 

.20 

.  >. 

21 

1.10 

1.90 

2.80 

1.90 

1.80 

1.80 

.50 

1.20 

.00 

-  .30 

.20 

4u 

22 

1.00 

2.50 

4.50 

1.90 

1.70 

1.00 

.50 

1.30 

.00 

-  .30 

.20 

.-■*• 

23 

1.80 

3.70 

7.30 

2.00 

1.50 

1.00 

.70 

2.10 

.00 

-  .30 

.20 

•_ 

24 

2.60 

4.80 

12.00 

1.90 

1.40 

1.00 

.90 

1.60 

-  .10 

-  .30 

.30 

._"!• 

25 

3.70 

4.20 

12.60 

1.60 

1.30 

1.00 

.90 

1.60 

-  .10 

-  .40 

.40 

.  '* 

26 

2.80 

3.20 

10.10 

1.70 

1.20 

.80 

.80 

1.50 

-  .20 

-  .40 

.30 

'« 

27 

2.00 

5.20 

8.30 

1.80 

1.10 

1.10 

.80 

1.10 

-  .20 

-  .40 

.3D 

.  ■•' 

28 

1.50 

5.30 

7.10 

2.50 

1.10 

1.10 

1.70 

1.00 

-  .10 

-  .30 

.20 

;?  ■•■ 

29 

1.20 

4.70 

6.10 

4.30 

1.00 

1.40 

1.30 

1.10 

-  .10 

-  .90 

.00 

3.4' 

30 

1.10 

5.00 

5.40 

1.00 

2.30 

.90 

1.00 

-  .10 

-  .30 

.10 

S.  'i- 

31 

.90 

4.20 

1.00 

.80 

.80 

-  .30 

2..' 

Rating  table  for  Tennessee  River  near  Knoxville,  Tenn.j  from  Jantuiry  I  to  I>ecemher  SI, 

1904. 


Gage 
height. 

JF^et. 

Discharge. 

Gage 
height. 

Dischaige. 

Gage 
1    height. 

Discharge. 

Gage 
height. 

I>ischarig<>. 

Second-feet, 

Feet. 

Second-feet. 

'      F^t. 

Second-fed. 

FC€t 

Srcond-feei. 

0.4 

1,750 

1.1 

5,500 

3.2 

12,950 

8.0 

33,440 

-  .3 

1,930 

1.2 

5,820 

3.4 

13,  710 

8.5 

:i5,  S40 

-  .2 

2, 120 

1.3 

6,150 

3.6 

14,480 

9.0 

38,290 

,  .1 

2,320     1 

1.4 

6,480 

,      3.8 

15, 260 

'     10.0 

43,  340 

.0 

2,530     , 

1.5 

6,820 

4.0 

16,040 

11.0 

48,  5yo 

.1 

2,  750 

1.6 

7,160 

4.2 

16,840 

12.0 

54,040 

.2 

2, 980     ' 

1.7 

7,500 

4.4 

17,640 

13.0 

59,690 

.3 

3,  220 

1.8 

7,850 

4.6 

18,450 

14.0 

65,490 

.4 

3,470     1 

1.9 

8,200 

4.8 

19, 270 

15.0 

71,290 

.5 

3,730    1 

2.0 

8,550 

5.0 

20,090 

16.0 

77,090 

.(> 

4,000 

2.2 

9,260 

5.5 

22,190 

18.0 

88,690 

.7 

4,280 

2.4 

9, 980 

6.0 

24,340 

20.0 

100,290 

.8 

4, 570 

2.6 

10,  710 

6.5 

26, 540 

22.0 

111,890 

.9 

4,870    ' 

2.8 

11, 450 

7.0 

28,790 

25.0 

129,290 

1.0 

5,180    ' 

3.0 

12,190 

I      7.5 

31,090    j 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  u|K>r. 
discharge  measurements  made  during  1900  to  1904,  inclusive.  It  is  well  detint^j. 
Above  gage  height  0.4  feet  the  curve  is  the  same  as  that  for  1903. 
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Edimatcd  monUUy  (Uncharge  of  Tentiesaee  River  near  JCnojmlU,  Tenn.,  for  1904' 

[Drainage  aroa,  H,990  square  miles.] 


Discharge  in  second-feet. 


Month. 


Minimum.       Mean. 


January 

February 

March 

April 

May 

June 

July 

Auj^ust 

September 

October 

Novemlier 

December 

The  year 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  In 
I   Inches. 


5,545 

0.617 

0.711 

9,377 

1.04 

1.12 

21,  770 

2.42 

2.79 

10,420 

1.16 

1.29 

10, 430 

1.16 

1.34 

6,516 

.725 

.809 

6,095 

.678 

.782 

6,323 

.703 

.810 

3,258 

.362 

.404 

1,968 

.219 

.252 

2,852 

.317 

.354 

6,3(»9 

.702 

.809 

7,572 


.842  I     11.47 


TENNESSEE   BIVER  AT  CHATTANOOGA,  TENN. 

This  station  was  established  in  1879,  at  the  foot  of  Lookout  street, 
ju8t  below  Chattanoo^  Island,  by  the  Signal  Corps  of  the  United 
States  Army;  but  since  July  1,  1891,  it  has  been  in  charge  of  the 
Weather  Bureau.  The  gage  consists  of  a  sloping  section  made  of 
railroad  rails  bolted  to  solid  rock,  and  a  vertical  section  of  heavy  tim- 
ber bolted  to  the  vertical  face  of  rock  cliff.  During  the  year  1900  a 
new  gage  was  established.  It  is  a  vertical  metal  scale  bolted  to  the 
.south  side  of  the  third  stone  pier  from  the  south  end  of  the  Hamilton 
County  highway  bridge.  The  original  sloping  gage,  however,  is  still 
considered  standard  as  the  later  gage  is  not  properly  adjusted  at  Tts 
lower  end  on  account  of  the  projecting  base  of  the  pier.  During  the 
present  year  the  self-registering  gage  invented  by  Professor  Fulton, 
of  Tennessee  University,  has  been  in  use  at  this  station.  The  gage  is 
(connected  by  wire  with  the  Weather  Bureau  office,  and  a  continuous 
electrical  record  of  river  height  is  made  in  the  same  manner  as  the 
record  of  wind,  sunshine,  etc.  Gage  heights  are  furnished  to  the 
Geological  Survey  through  L.  M.  Pindell. 

Discharge  measurements  are  made  from  the  steel  highway  bridge 
in  six  spans  and  an  approach  about  1,000  feet  long  on  the  right  bank. 
The  floor  of  the  bridge  is  about  125  feet  above  low  water.  The  initial 
point  for  soundings  is  the  outside  corner  of  the  iron  post  of  the  down- 
stream hand  rail  on  the  left  bank.     The  channel  is  curved  for  3,000 
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feet  above  and  2,(K)0  feet  below  the  station.  The  right  bank  is  hi^h 
and  overflows  at  flood  stages,  but  all  water  passes  under  the  bridge 
or  its  approach.  The  left  bank  is  a  high,  rocky  bluff,  and  will  not 
overflow.  The  bed  is  composed  of  loose  rock,  sand,  and  gravel,  and 
is  fairly  constant.  The  bench  mark  is  the  top  of  the  water  table  on 
the  southeast  corner  of  the  i)ost-ofBce  on  Eleventh  street.'  Its  eleva- 
tion is  74.4  feet  above  the  zero  of  the  gage,  and  705  feet  above  sea  level. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  Tneasurements  of  Tennessee  River  at  CliaUanooga^  Tenn.j  in  1904. 


Date. 


Hydrographer. 


width. 


Feel. 


February  3 '  J.  M.  Giles 

February  10 do 

April  19 

July  6 

Augusts 


do 

do 

B.  8.  Drane 

October  13 | do 

October  14 ' do 1,016 

October22 i do 1.012 


975 
1,054 
993 
956 
1,114 
1,014 


Area  of   '       Mean  Ga^e  Db- 

section.       velocity.        height.      chaii;i.-. 


Sq./eet. 
7,395 

10, 610 
8,493 
6,920 
7,014 
4, 375 
4,433 
4,234 


Ft,  per  sec. 

F\tet. 

.Vct«iJ»-/T. 

2.23 

2.77 

It),  4.yi 

3.36 

5.85 

35,t>44' 

2.94 

4.30 

24,  i<^' 

2.54 

8. 18 

17,n^t 

2.10 

2.  73 

1     14,7!<' 

1.23 

.21 

5, 36S 

1.25 

.22 

5,  .Vi> 

1.15 

.06 

4,  .^^i 

I 


Men7i  daily  gage  heigfUy  in  feet^  of  Tennessee  River  at  Chattanooga^  Tenn, ,  frr  1904. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
2H. 


Jan. 

3.10 
2.60 
2.30 
2.20 
2.00 
2.00 
1.70 
1.60 
1.50 
1.60 
1.70 
1.70 
1.90 
2.10 
2.80 
2.50 
2.60 
2.90 
3.90 
3.M) 
3.60 
3.60 
6.00 

24 10.60 

25 9.20 

26 


Feb. 


27. 
28. 
29. 
30. 
31. 


7.50 
10 
»0 
80 
20 
80 


8.40 
3.10 
2.80 
2.70 
2.50 
2.40 
2.30 
3.60 
4.80 
5.90 
5.40 
5.50 
4.90 
4.40 
8.90 
3.60 
3.50 
3.30 
3.10 
3.20 
8.70 
5.20 
6.30 
7.90 
8.10 
7.90 
7.10 
7.30 
9.00 


Mar. 

Apr. 

May. 

June. 
4.30 

July. 
8.60 

Aug. 

Sept. 

8.10 

9.00 

6.00 

2.20 

2.20 

7.40 

8.10 

7.60 

4.10 

3.70 

2.20 

2.00  ! 

7.00 

7.20 

6.70 

4.30 

4.30 

2.60 

1.80 

6.60 

6.60 

6.80 

4.40 

4.00 

2.40 

1.80 

6.10 

6.00 

5.40 

4.90 

8.90 

2.60 

1.70 

6.20 

5.60 

5.20 

4.90 

8.40 

2.90 

1.70 

6.10 

5.40 

4.90 

4.50 

3.10 

3.70 

2.20 

8.00 

5.40 

6.40 

8.80 

2.90 

3.70 

2.40 

11.00 

5.80 

6.60 

8.70 

2.70 

3.30 

2.20 

11.30 

5.90 

6.40 

3.70 

2.90 

8.30 

2.00 

11.10 

6.00 

7.00 

8.40 

2.90 

3.30 

1.80 

10.10 

5.60 

7.20 

8.20 

3.10 

3.30 

1.60 

9.00 

5.30 

6.60 

2.80 

3.10 

4.10 

1.40 

8.50 

4.90 

5.70 

2.60 

3.60 

3.70 

1.30 

9.10 

4.70 

5.40 

2.50 

3.40 

3.30 

1.20 

8.90 

4.40 

5.20 

2.50 

3.00 

3.30 

1.10 

8.10 

4.30 

4.90 

2.40 

2.60 

4.10 

1.00 

7.10 

4.30 

4.50 

2.20 

2.40 

3.90 

1.00 

6.60 

4.30 

4.80 

2.10 

2.20 

3.10 

.90 

6.10 

4.20 

4.10 

2.00 

2.10 

2.70 

.90 

5.80 

4.10 

3.80 

2.00 

1.80 

2.40 

.90 

7.40 

4.00 

8.60 

2.10 

1.70 

2.40 

.80 

12.90 

4.00 

3.60 

2.60 

1.90 

2.20 

.80 

18.20 

4.00 

8.40 

2.70 

2.20 

2.20 

.80 

21.80 

4.00 

8.10 

2.30 

2,10 

2.90 

.80 

20.9tJ 

3.80 

2.90 

2.30 

2.00 

3.00 

.70 

19. 10 

3.70 

2.80 

2.20 

2.20 

2.80 

.60 

16.90 

4.10 

2.70 

2.20 

2.40 

2.60 

.60 

14.00 

4.60 

2.70 

2.70 

2.10 

2.60 

.60 

11.80 

4.70 

2.60 

3.40 

2.60 

2.50 

.60 

10.30 

3,00 

2.90 

2.30 

Oct.        Nov.      Ihrx 


1.70 

0.10 

1.1" 

.70 

.10 

1.*' 

.fiO 

.30 

l.> 

.50 

.40 

iJ' 

.40 

.SO 

1  . ' 

.50 

.50 

:l  ■*> 

.40 

.60 

\  ¥ 

.30 

.60 

.'>•« 

.20 

.60 

.'i  7' 

.»» 

.90 

.'v  »' 

.30 

.90 

1  -• 

») 

.90 

:i  V 

.30 

..SO 

.;  ■! 

.20 

.60 

■_  7' 

.•20 

.60 

2  *•' 

.20 

.70 

-■      i   ' 

.20 

.N> 

■_.   ^' 

.•20 

.9l» 

■L\' 

.20 

1.00 

:^i' 

.20 

1.10 

'  *  • 

.10 

1.00 

1  > 

.10 

l.OD 

1>' 

.10 

.90 

:.  ' 

.10 

1.00 

].'■ 

.10 

1.00 

1  . 

.10 

1.00 

2  » 

.10 

1.10 

.i.« 

.10 

1.00 

7  > 

.10 

1.00 

It'..' 

.10 

1.00 

y  ' 

.10 

7.-* 
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DAVIDSONS  RIVER  NEAR   DAVIDSONS   RIVER,  N.  C. 

This  station  was  establislied  May  19,  1904,  by  M.  R.  Hall.  It  is 
located  at  English  Bridge,  about  2  miles  from  Davidsons  River,  N.  C, 
and  about  500  feet  above  the  mouth  of  Avery  Creek.  The  gage  is  a 
1-inch  by  4-inch  pine  timber  fastened  to  a  2i-inch  by  4-inch  oak  scant- 
ling, which  is  spiked  to  the  downstream  side  of  a  maple  tree  on  the  left 
))ank,  40  feet  below  the  bridge.  It  is  graduated  to  feet  and  tenths  and 
is  10  feet  long.  The  gage  is  read  once  each  day  by  J.  J.  Perry. 
Discharge  measurements  are  made  from  the  single-span  wooden  high- 
way bridge,  with  log  abutments.  The  floor  of  the  bridge  is  about 
12  feet  above  low  water.  The  initial  point  for  soundings  is  the  edge 
of  the  wooden  crib  abutment  on  the  upstream  side  at  the  left  bank. 
The  channel  is  straight  for  about  500  feet  above  and  below  the  station. 
The  current  is  moderately  swift.  The  right  bank  is  high,  rocky, 
wooded,  and  is  not  subject  to  everflow.  The  left  bank  is  low,  but  is 
not  subject  to  ovei'flow.  The  bed  of  the  stream  is  composed  of  rock, 
mostly  loose  bowlders  and  shingle,  and  is  clean  and  permanent.  There 
is  but  one  channel  at  all  stages.  Bench  mark  No.  1  is  two  wire  nails 
driven  into  the  downstream  side  of  the  tree  to  which  the  gage  is 
attached.  Its  elevation  is  4  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  2  is  a  cross  cut  on  the  top  of  solid  rock  at  edge  of  water,  8 
feet  below  the  bridge  at  right  bank.  Its  elevation  is  1.48  feet  above 
the  zero  of  the  gage.  .  Bench  mark  No.  3  is  the  center  of  a  nail  head  in 
third  log  from  bottom  of  crib  at  the  right  bank  on  the  upstream  side. 
Its  elevation  is  7  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 


Discharge  measurements  of  Davidsons  River  near  Davi(jbions  River,  N.  C,  in  1904- 


Date. 


April  20 
May  19 . 
July  19. 


Hydrographer. 


M.  R.  Hall.. 
B.  S.  Drane. 
do 


July  19 do 


August  17 do 

October  4 1 do 

DecemlDer  8 do 


I)e(!ember  8. 


do 


Width. 

Feet. 
65 
66 
64 
64 
68 
63 
63 
63 


Area  of 
section. 


Sq.feeL 
105 
108 
88 
86 
99 
86 
88 
88 


Mean 
velocity. 


Ft.  per  »ec. 
0.79 
.77 
.46 
.47 
.72 
.47 
.57 
.62 


Gaffe 
height. 


Feel. 
1.00 
1.05 
.78 
.78 
.99 
.70 
.85 
.85 


Dis- 
charge. 


Secondrft. 
83 
84 
41 
41 
71 
40 
51 
55 
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Mean  daily  gage  heigfUy  in  feet j  of  Dai-idgons  River  near  Davidsons  River,  N.  C,  for  U^4. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct 

1 
Not. 

Dm-, 

1 

1.06 
1.10 
1.05 
1.00 
.95 
.96 

0.86 
.86 
.80 
■    .80 
.80 
.80 

1.06 

1.00 

.90 

1.00 

.90 

.90 

1.10 
1.10 
1.06 
1.05 
1.06 
1.00 

0.8D 
.80 
.80 
.80 
.80 
.80 

0.75  ' 
.75 
.90 

i.ao 

1.00  1 
.80 

0.7?i 

2 

.'"h 

3 

,*«■ 

4 

.**' 

5    .           ,                .                

1  V- 

6 

L'»'> 

7 

1.15 
1.06 
1.00 

.86 
.90 
.86 

.90 
1.10 
1.00 

1.00 

.95 

1.00 

.80 
.80 
.80 

.80, 

.80 

.75 

.9U 

8 

."Vi 

9 

.Vi 

10 

.96 

.85 

1.46 

.96 

.75 

.76 

.s'» 

11 

1.10 

.90 

1.60 

1.00 

.75 

.75 

.■^J 

12 

1.00 

.90 

1.40 

1.00 

.75 

.75 

.Hi 

13 

1.00 

.90 

1.25 

1.00 

.75 

1.10 

.^1 

14 

.96 

.90 

1.10 

.95 

.75 

.85  1 

..•« 

16 

.90 

.80 

1.06 

.95 

.75 

.80 

..'*» 

16 

.90 

.76 

1.05 

.90 

.75 

.80 

-N) 

17 

1.00 

.85 

1.00 

.90 

.  .75 

.80 

.  **' 

18 

.96 

.80 

.% 

.90 

.75 

.80 

.f*; 

19 

.96 

.90 

.90 

.90 

.75 

.75 

-X- 

20 

.95 

1.00 

.90 

.85 

.75 

.75  ! 

..'*t 

21 

.90 

1.05 

.96 

.85 

.75 

.75 

->• 

22 

.95 

.90 

1.06 

.85 

.75 

.75 

.Nl 

23 

.90 

.90 

1.16 

.85 

.75 

.75 

.« 

24 

.90 

.85 

1.25 

.86 

.75 

.75 

.*r. 

25 

.90 
.90 

.90 

.85 

1.65 
1.60 

.86 

.85 

.76 
.75 

.75  1 
.75 

.ss 

26 

.v." 

27 

.86 

.86 

1.66 

.85 

.76 

.75 

i.a> 

28 *. 

.86 

.80 

1.40 

.85 

.75 

.75 

1  30 

29 

.96 

1.00 

1.25 

.80 

.75 

.75  ' 

l.I© 

30 

.90 

.90 

1.20 

.80 

.75 

.80 

l.QS 

31 

.95 

1 

1.10 

.75 

1  UO 

AVERY   GREEK  AT  DAVIDSONS   RIVER,  N.  C. 

This  station  was  established  as  a  bench-mark  station  May  19,  19^34, 
by  M.  R.  Hall.  It  is  located  about  one-fourth  mile  above  the  junction 
of  Avery  Creek  with  Davidsons  River  and  a  less  distance  from  the 
regular  gaging  station  on  the  latter  stream.  Discharge  measurements 
are  made  from  the  foot  log  just  above  the  wagon  bridge,  the  section 
being  smoother  than  that  under  bridge.  The  initial  point  for  sound- 
ings is  the  edge  of  the  large  rock  which  forms  the  left  bank.  The 
channel  is  curved  for  about  100  feet  above  the  station  and  straight 
for  50  feet  below,  when  it  curves  to  the  right.  The  current  is  swift. 
Tho  right  bank  is  high,  wooded,  and  not  liable  to  overflow.  The  left 
bank  is  low,  wooded,  and  overflows  at  high  stages.  The  bed  of  the 
stream  is  rocky  along  the  right  bank  and  sandy  for  the  remainder. 
It  is  not  liable  to  change.  There  is  but  one  channel  at  all  stages. 
The  bench  mark  is  a  small  shelf  chipped  in  the  upper  edge  of  the 
upstream  face  of  the  large  rock  on  the  right  bank  upon  which  the  end 
of  the  foot  log  rests.     Its  elevation  is  5  feet  al)ove  gage  datum. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

IH9ch4xrge  mecumrements  of  Avery  Creek  at  Davidsons  River ^  N.  C,  in  1904. 


Date. 


May  19 

July  19 

August  17 

October  4 do 

December  8 do 


Hydrogmpher. 


Gage 
height. 


Dis- 
charge. 


Second-ft. 

14.0 
8.0 

14.6 
6.8 
6.3 


LITTLE   RIVER  AT  CALHOUN,  N.  C. 


This  station  was  established  as  a  bench-mark  station  July  19,  1904, 
by  B.  S.  Drane.  It  is  located  at  the  highway  bridge  about  one-fourth 
mile  from  Calhoun  post-office,  N.  C,  and  about  1  mile  above  the 
mouth  of  Little  River.  Discharge  measurements  are  made  from  the 
upstream  side  of  the  two-span  wooden  bridge.  The  initial  point  for 
soundings  is  the  right  end  of  the  upstream  guard  rail.  The  channel 
is  curved  for  about  75  feet  above  and  100  feet  below  the  station.  The 
current  is  swift.  The  right  bank  is  a  high  rock  cliff;  the  left  bank 
is  composed  of  earth,  steep  and  wooded.  Neither  bank  is  liable  to 
overflow.  The  bed  of  the  stream  is  composed  of  rock  along  the  right 
bank,  and  of  sand  for  the  greater  part  of  the  distance.  There  is  one 
channel  at  all  stages.  Possibly  a  freshet  in  French  Broad  River 
would  make  a  sluggish  back  water  at  this  station,  but  this  is  not  liable 
to  occur.  Bench  mark  No.  1  is  the  upstream  end  of  the  horizontal 
strap  binding  the  upstream  guard  rail  to  the  girder,  31  feet  from  the 
initial  point  for  soundings.  Its  elevation  is  16  feet  above  datum. 
Bench  mark  No.  2  is  the  upper  edge  of  a  small  ledge  of  rock  over- 
hanging the  water  just  under  a  point  on  the  upstream  side  of  the 
bridge,  6  feet  from  the  initial  point  for  soundings.  It  is  marked  by 
a  nick  in  the  rock  on  either  side.     Its  elevation  is  3  feet  above  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

THscharge  measurements  of  Little  River  at  CalhonUf  N.  C,  m  1904. 


Datv 


Hydrographer. 


Width. 


July  19 B.  S.  Drane 

August  17 1 do 

December  8 do 


Feet. 
36 
37 
33 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

.  Sq.  feet. 

Ft.  ]>€r  8CC. 

Feet. 

43 

1.16 

0.59 

73 

1.27 

1.00 

67 

1.28 

1.09 

Dis- 
charge. 


Second-ft. 


50 
93 
86 
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I'NO    IJ* 


MILLS   RIVER   (NORTH    FORK)   AT   PINKBED,    N.    C. 

This  station  was  established  May  18,  1904,  by  M.  K.  Hall.     It  i- 
located  at  wa^on  bridge  in  the  village  of  Pinkbed,  N.  C,  al>out  tlm* 
fourths   mile  below  the   post-office  of   that   name.     The    gage  i>  a 
vertical  1-inch  by  4-inch  pine  timber  fastened  to  a  2-inch    by  4-iin  h 
oak  scantling  which  is  spiked  to  the  log  crib  on  right  ))ank,  at  upjM  r 
side  of  bridge.     The  gage  is  10  feet  long,  and  is  graduated  to  feet  ami 
tenths.     It  is  read  once  each  day  by  C.  D.  Davenport.      Dischartfi 
measurements  are  made  from  the  single,  39-foot  span,  wagon  hridire 
to  which  the  gage  is  attached.     The  bridge  rests  upon  log  crib  a)»ui 
ments,  and  the  floor  is  about  10  feet  above  low  water.     The  initirii 
point  for  soundings  is  the  edge  of  crib  abutment  at  the  left  hank,  tm 
the  downstream  side  of  the  bridge.     The  channel  is  straight  for  aU>ut 
200  feet  above  and  below  the  station.     The  current  is  swift.     R>t!j 
banks  are  about  10  feet  above  low  water,  and  are  not  liable  to  over 
flow.     There  is  a  wide,  level  stretch  of  land  from  the  left  bank  t<i  f«M  t 
of  hill.     The  bed  of  the  stream  is  composed  of   loose  rock  aiici  i- 
probably  permanent.     There  is  but  one  channel  at  all  stages.      Keiv 
mark  No.  1  is  a  nail  driven  in  bottom  log  of  crib  on   right   bank  ;it 
downstream  corner  of  crib.     Its  elevation  is  1.70  feet  above  the  ?.» r- 
of  the  gage.     Bench  mark  No.  2  is  the  center  of  a  nail    driven  II  a 
notch  on  a  small  poplar  tree  on  left  bank  about  40  feet  above  bridc'  • 
Its  elevation  is  5.70  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  uii«i  r 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  TrwasuremetUa  of  Mills  River  {North  Fork)  at  Pinkbed j  X.  C,  in  Jt*Oi, 


Date. 


Hydrographer. 


April  21 1  M.R.Hall. 


May  18 

July  18 

m 

August  18 do 


B.  S.  Drane. 
do 


Octobers... 
Octobers... 
Deceinl)er  9. 


do 
do 
do 


December  9 do 


Width. 

Ftet. 
36 
37 
34 
34 
29 
29 
33 
33 


Area  of 
section. 


S7.  feci. 
27 
31 
22 
23 
17 
17 
19 
19 


Mean 
velocity 


Ft.  per  sec. 
1.45 
1.61 
1.23 
1.40 
l.li 
1.01 
1.17 
1.08 


hcigrhU    '    ch:.r; 


Ftet. 
0.70 
.82 
.56 
.64 
.47 
.47 


.<<.-' 


:^.- 


1  ■ 

17- 


52 


52 
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Mean  daily  gage  hcigld^  in  feet,  of  Mills  River  {North  Fork)  at  JHnkhedy  N.  C.,for  1904' 


Day. 


June. 


1 

0.80 
.85 
.80 
.70 
.70 
.65 
.90 
.75 
.70 
.70 
.70 
.66 
.60 
.60 
,60 
.60 
.70 
.70 
.70 
.85 

•2 

3 

4 

5 

6 

7................. 

8 

9 

10 

11 

IS              

14 ' 

I'l 

17 

18 

19 

21 

.70  1 

22 

.75 

2H.              

.6.5' 

21 

.60 
.60 
.55 
.60 

2.=)       

27 

.65 

29 

.a5 

.65 

81 

• 
.*. . . 

July. 

0.60 
.65 
.55 
.50 
.50 
.50 
.50 
.50 
.90 
.70 
.70 
.65 
.60 
.56 
.  55 
.55 
.70 
.65 
.55 
.50 
.55 
.55 
.60 
.5.') 
.55  ' 

.60 

I 
..55 

.55 

.55 

.55 

.55 


Aug. 


0.85 
.65 
.60 
.66 
.66 
.70 
.75 
.95 
.80 

i.&"> 

1.15 
.90 
.80 
.75 
.70 
.70 
.65 
.60 
,65 
.60 
.60 
.60 
.65 
.65 
.60 
.80 
.75 
.65 
.55 
.60 


Sept. 


0.60 
.65 
.55 
.55 
.90 
.70 
.65 
.60 
.60 
.65 
.60 
.60 
.60 
.55 
.55 
.55 
.55 
.50 
.50 
.50 
.60 
.50 
..50 
.50 
.50 
.50 
.50 
.50 
.45 
.15 


0.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.46 
.45 
.46 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.4.) 
.4r. 

.45 

.45 

.45  . 

.45 

.15 

.45 


Nov. 

Dec. 

0.45 

0.45 

.45 

.45 

.55 

.60 

.90 

.50 

.80 

.60 

.50 

.70 

.50 

.60 

.50 

.50 

.45 

.50 

.45 

.55 

.45 

.60 

.46 

.60 

1.00 

.60 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.60 

.50 

.50 

.45 

'.50 

.60 

.60 

.60 

.50 

.60 

.50 

.45 

.45 

.50 

.45 

.50 

.15 

.50 

.45 

.70 

.45 

1.00 

.45 

.70 

.45 

.70 

•  -  •  ^»-  -  - 

.55 

I 

Rating  table  for  Mills  River  (North  Fork)  at  Pinkhed,  N  C.jfrom  June  1  to  December  31 , 

1904. 


Gage 
height. 

1 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feeL 

Feet. 

iVrt. 

SfTotid-feet. 

0.45 

16    ' 

0.70 

39 

0.05 

65 

1.20 

95 

.50 

20 

.75 

44 

1.00 

71 

1.25 

101 

.55 

24 

.80 

49 

1.05 

77 

1.30 

107 

J]0 

29 

.85 

54 

1.10 

83 

1.35 

113 

.i\r^ 

34 

.90 

59 

1.15 

89 

« 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  baseti  upon 
8  discharge  measurements  made  during  1904.  It  is  well  defined  between  gage  lieiglitH 
0.45  feet  and  0.85  feet.     The  table  has  been  extended  above  gage  height  0.85  feet. 

iRR  128—05 8 


i 
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Estimated  monthly  discharge  of  MilU  River  {North  Fbrk)  at  Pinkbed,  N.  C.,/or  7W. 


Month. 

Dischaxsre  in  second-feet. 

Maximum. 

■ 
Minimum. 

Mean. 

June - 

59 
59 
113 
59 
16 
71 
71 

24 
20 
24 
16 
16 
16 
16 

37.  S 

July 

27.1 

Autrust .-   -       -       -         

42.^ 

•*  *  "O      "  V.----.. 

September 

_\-       _ 

25.3 

October 

16.0 

November 

December .  -     - -     -  -     -  -       

22.4 

•         25.3 

1 

MILLS   RIVER   (sOUTH   FORK)    NEAR  8ITTON,  N.   C. 

This  station  was  established  May  18,  1904,  by  M.  R.  Hall.  It  ii^ 
located  at  Sycamore  Church,  about  1  mile  below  Sitton's  mill,  Sitton, 
N.  C.  The  gage  is  a  vertical  1  by  4  inch  pine  timber,  10  feet  long, 
graduated  tb  feet  and  tenths,  fastened  to  a  2  by  4  inch  chestnut  scant- 
ling, which  is  spiked  to  a  whiteoak  tree  on  the  right  bank  of  the  river 
about  40  feet  above  foot  log.  The  gage  faces  upstream  and  can  b»^ 
easily  read  from  the  bank.  It  is  read  once  each  day  by  W.  E.  Field. 
Discharge  measurements  are  made  from  a  foot  log  about  150  fwt 
above  ford.  The  channel  above  curves  about  90  degrees  in  500  fet»t 
above  and  is  straight  for  2(X)  feet  below  the  station.  The  current  i^ 
moderately  swift,  but  may  be  rather. sluggish  above  the  station  at  low 
stages.  Both  banks  are  high  and  clean  and  are  subject  to  overflow  at 
extreme  high  water.  The  bed  of  the  stream  is  composed  of  rook,  and 
is  clean  and  constant.  There  is  but  one  channel  at  all  stages.  Owincr 
to  the  overflowing  of  the  banks  discharge  measurements  can  not  h^* 
made  at  high  water.  Bench  mark  No.  1  is  the  center  of  two  nail 
heads  driv^en  into  the  tree  to  which  the  gage  is  attached,  on  the  side 
next  the  river.  Its  elevation  is  6  feet  above  the  zero  of  the  gage- 
Bench  mark  No.  2  is  the  center  of  nails  in  root  of  whiteoak  tree  on 
the  right  bank,  15  feet  below  the  foot  log.  Its  elevation  is  5  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  3  is  nails  driven  into  a 
beech  tree  on  the  right  bank  about  50  feet  below  the  foot  log.  It^ 
elevation  is  8  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  measurement*  of  Mills  River  {South  Fork)  near  Sitton^  N.  C,  in  1904. 


Date. 


April  21 ... . 
May  18 

July  18 

August  18... 
Octobers... 
Octobers.-, 
December  9. 
December  9. 


Hydrographer. 


M.  R.  Hall . 
B.  S.  Drane. 

do 

do 

do 

do 

do 

do 


Width. 


Feet. 


47 
41 
40 
41 
41 
41 
40 
40 


Area  of 
section. 


Sq.feet. 
79 
79 
68 
74 
65 
65 
66 
66 


Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

Fl.  per  sec. 

Feet. 

Sec.-feet. 

1.04 

1.00 

82 

1.21 

1.09 

96 

.72 

.81 

49 

.93 

.98 

69 

.56 

.76 

36 

.54 

.76 

35 

.72 

.82 

47 

.74 

.82 

49 

Mean  daily  gage  height j  in  feet,  of  Mills  River  (South  Fork)  near  Sitton,  N.  C,  for  1904- 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.20 

1.20 

1.05 

1.00 

.96 

.90 

1.65 

1.10 

1.00 

.95 

1.15 

1.00 

.95 

.90 

1.00 

.96 

1.05 

.96 

.95 

1.10 

.95 

1.00 

.90 

.90 

1.10 

1.10 

.90 

1.10 

1.35 

1.20 

1.05 
.95 
.90 
.90 
.90 
.85 
.85 
.85 

1.30 

1.00 
.95 
.90 
.90 
.85 
.80 
.80 
.90 
.80 
.80 

1.45 
.85 
.90 
.95 
.90 
.90 

1.00 
.90 
.85 
.80 
.85 
.85 

1.10 

.90 

.85 

.90 

.90 

.90 

1.00 

1.10 

1.05 

1.10 

1.80 

1.65 

1.30 

1.10 

1.06 

1.25 

1.00 

1.00 

.95 

1.00 

.90 

1.10 

1.00 

.95 

1.45 

1.20 

1.50 

1.30 

1.10 

1.05 

1.00 

1.15 

1.06 

1.00 

1.90 

1.15 

1.00 

.95 

.90 

.90 

.95 

1.10 

.95 

1.00 

.90 

.90 

.90 

.85 

.86 

.85 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

0.76 
.76 
.76 
.76 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.76 
.75 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.75 
.70 
.70 
.70 
.70 

0.70 
.76 
.85 

1.25 

1.00 
.90 
.80 
.80 
.80 
.75 
.76 
.75 

1.10 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.75 
.75 
.76 
.75 
.75 
.80 

0.80 

2 

.80 

3 

.80 

4 

.80 

5       

1.15 

6 

1.15 

7 

8 

9 

.90 
.85 
.80 

10 

11 

.80 
.80 

12 

13 

14 

.80 
.80 
.70 

15 

.80 

16 

.80 

17 

.80 

18 

.80 

19 

.80 

20 

1.00 

21 

1.00 

22 

1.00 

23 

.80 

24 

.80 

25 

.80 

26 

.80 

27. r 

1.10 

28 

1.40 

29 

1.10 

30 

1.00 

31 

1.00 
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I*romi(mal  rating  table  for  Mills  Hirer  (South  Fork)  near  SiUbn,  N,  C.,from  June  1  to 

December  31,  1904. 


Gage 
height. 

Feet. 

0.7 

.8 

.9 

Dl«h«rge.       ^«^\ 


Second-feet. 

FeeL 

22 

1.0 

42 

1.1 

62     ' 

, 

Discharge. 

Second'/eet. 
82 
102 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
8  discharge  measurements  made  during  1904.  It  is  well  defined  between  gage  height 
0.76  feet  and  1.10  feet,  and  can  only  be  considered  roughly  approximate  above  1. 1 
feet    The  rating  curve  is  a  tangent,  the  difference  being  20  per  tenth. 

EMimated  monthly  discharge  of  Mills  Either  {South  Fork)  near  SUtony  N.  C,  for  1904- 


Month. 


June 

July 

August . .  - 
September 
October  .. 
Noveml)er 
Decern  l)er 


Discharge  in  second-feet. 


Maxinum. ' 

1 

Minimum. 

Mean. 

212 

62 

5*2,0 

172 

42 

«J?i.  5 

242 

52 

1(M 

262 

42 

t>9.0 

32 

22 

1*6.  n 

132 

*><> 

46.  :i 

162 

•22 

61.0 

PIGEON   RIVER   AT   NEWPORT,    TENN. 

The  station  was  established  September  4,  1900,  by  E.  W.  Myers. 
It  is  located  at  the  highway  bridge  in  the  eastern  part  of  Newport. 
Tenn.,  1  mile  from  the  railroad  station  and  1  mile  above  the  dam  of 
the  Newport  Flouring  Mill,  out  of  reach  of  backwater.  On  April  30, 
1903,  the  old  wire  gage  was  replaced  by  a  standard  chain  gage  with 
inclosed  scale  fastened  to  the  lower  chord  of  the  bridge  on  the  down- 
stream side,  approximately  at  the  same  location  as  the  old  gage.  The 
new  gage  was  made  to  read  the  same  as  the  one  which  it  replaced. 
The  gage  is  read  once  each  day  by  S.  R.  McSween.  Since  it  was  first 
established  the  gage  has  been  damaged  several  times,  and  the  i^cords 
are  continuous  only  from  December  14,  1902.  Discharge  measure- 
ments are  made  from  the  lower  side  of  the  single-span  steel  highway- 
bridge  to  which  the  gage  is  attached.  The  initial  point  for  soundinjrs 
is  the  end  of  the  hand  rail  over  the  left  bank  on  the  downstre^im  side 
of  the  bridge.     The  channel  is  straight  for  about  300  feet  above  and 
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200  feet  below  the  station.  The  section  is  deep,  rough,  and  irregular 
in  shape;  the  velocity  is  poorlj^  distributed  and  about  50  feet  of  the 
total  width  at  low  stages  is  stillwater  or  has  a  negative  velocity.  The 
section  is  better  for  measuring  at  the  Southern  Railway  bridge,  about 
300  feet  below,  at  which  point  some  of  the  measurements  have  been 
made.  The  right  bank  is  low  and  overflows  to  some  extent,  but  all 
water  passes  beneath  the  bridge  and  its  approach.  The  left  bank  is  a 
high  vertical  rock  cliff.  The  bed  of  the  stream  is  rocky  near  the  left 
bank  and  sandy  near  the  right  bank. 

Bench  mark  No.  1  is  the  top  surface  of  the  outer  left  corner  of  the 
plate  at  the  bottom  of  the  floor-beam  hanger  to  the  left  of  the  zero  of 
the  gage.  When  the  gage  reads  zero  the  water  surface  is  26.87  feet 
below  this  bench  mark.  Bench  mark  No.  2  is  the  top  of  a  copper  plug 
set  in  cement  on  the  top  of  a  limestone  outcrop  about  5  feet  upstream 
and  3  feet  to  the  left  of  the  end  of  the  upstream  hand  rail  on  the  left 
bank.  When  the  gage  reads  zero  the  water  surface  is  82.61  feet  below 
the  top  of  the  bolt. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Pigeon  River  at  Newport^  Tenn.^  in  1904* 


Date. 


Hydrographer. 


February  22  ...    B.  S.  Drane. 

March  29 i do 

April  26 ! do 

July  8 J.  M.  Giles. 

B.  S.  Drane. 

do 

do 

do 


Width. 


August  20  . . 
August  20  «  . 
October  15.  . 
October  15  a 


Feet. 
159 
150 
143 
110 
134 
228 
125 
221 


Area  of 
section. 

Mean 
velocity. 

Sq./eet. 

Ft.  per  sec. 

1,203 

■  1.72 

1,132 

1.57 

992 

.87 

835 

.77 

854 

.50 

585 

.84 

783 

.21 

443 

.49 

Gage 
height. 


Dis- 
charge. 


Feet. 

Second-fl. 

2.68 

2,070 

2.45 

1,775 

1.68 

861 

1.27 

642 

1.10 

425 

1.10 

490 

.62 

169 

.62 

216 

a  A.t  railroad  bridge. 
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Mean  daily  gage  height,  in  feel,  of  Pigeon  River  at  Newport,  Tenn.,  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

1.00 
1.06 
1.10 
1.00 
70 

.50 
1.15 
1.00 

.95 
1.00 
1.10 
1.25 
1.20 
1.10 
1.10 
1.15 
1.15 
1.15 
1.15 
1.20 
1.25 
2.65 
3.15 
2.00 
1.75 
1.60 
1.50 
1.40 
1.80 
1.25 
1.20 

1.15 
1.10 
1.10 
1.05 
1.10 
1.15 
1.50 
2.40 
2.00 
1.75 
1.55 
1.50 
1.40 
1.40 
1.35 
-1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
2.65 
2.25 
1.85 
1.20 
1.65 
2.70 
2.20 
2.00 

1.90 
1.85 
1.80 
1.70 
1.65 
1.60 
6.30 
8.10 
2.50 
2.35 
2.30 
2.30 
2.10 
2.05 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
2.00 
2.50 
5.10 
2.90 
2.20 
2.80 
2.95 
2.75 
2.45 
2.30 
2.15 

2.00 
1.90 
1.85 
l.ftO 
1.75 
1.70 
1.75 
1.90 
2.50 
2.00 
1.80 
1.75 
1.70 
1.60 
1.65 
1.70 
1.70 
1.65 
1.60 
1.60 
1.75 
1.85 
1.75 
1.60 
1.60 
1.60 
1.95 
2.00 
2.00 
2.00 

1.85 

2 

1.80 

8 

1.75 

4 

1.80 

5 

1.75 

6 

1.70 

7 

8 

1.60 
2.00 

9 

2.70 

10 

2.26 

11 

2.00 

12 

1.95 

13 

1.90 

14 

1.85 

15 

1.80 

16 

1.70 

17 

1.60 

18 

1.60 

19 

1.55 

20 

l.SO 

21 

1.45 

•••••• 

22 

1.35 

23 

1.35 

24 

1.36 

25 

1.40 

26 

1.40 

27 

1.85 

28 

1.30 

29 

1.26 

30 

1.20 

31 

2.20 

1.80 
1.70 
1.65 
1.50 
1.30 
1.50 
1.70 
1.&5 
1.50 
1.35 
1.30 
1.85 
1.35 
1.25 
1.20 
1.20 
1.15 
1.20 
1.20 
1.30 
1.60 
1.40 
1.40 
1.20 
1.25 
1.25 
1.35 
1.45 
1.50 
1.70 


1.60 
1.45 
1.20 
1.20 
1.20 
1.80 
1.45 
1.30 
2.25 
1.75 
1.45 
1.75 
1.50 
1.25 
1.25 
1.15 
1.30 
1.20 
1.10 
1.00 
1.00 
1.40 
1.60 
1.45 
1.40 
1.80 
1.20 
1.06 
1.00 
1.00 
1.05 


1.10 

1.50 

1.10 

1.20 

1.40 

1.56 

1.50 

1.30 

1.40 

1.50 

1.55 

1.60 

1.70 

1.40 

1.35 

1.40 

1.15 

1.05 

1.05 

1.10 

1.10  , 

1.15 

1.50 

1.40 

1.30 

1.40 

1.30 

1.26 

1.20 

1.15 

1.10 


Sept 


1.15 

1.26 

1.20 

1.25 

1.25 

1.30 

1.15 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.90 

.86 

.80 

.80 

.80 

.80 

.80 

.75 

.75 

.76 

.70 

.70 

.70 

.75 

.76 

.75 

.70 


Nor.     I>ec. 


0.70 
.65 
.65 
.65 
.65 
.70 
.65 
.65  I 
.65 
.65 
.60 
.60 
.60 
.60 
.60 
.JiS 
.55 
.55 
.55 
.60 
.60 
.55 
.55 
.55 
.60  > 
.60' 
.60  - 

.60  ; 


.60 
.60 
.60 


i 


o.eo  , 

.60  I 
.65 

.80 
1.05  j 

.»j 
.85  ' 
.80 

.to: 

.65  ; 

.65  \ 

.60 

.70 

.80 

.90 

.^  . 

.80 

.80 

.75 

.75 

.80 

.80 

.90 

1.00 
.90 
.80 
.75 
.75 
.75 

1.20 


1.10 

!.» 

.» 

1.00 

l.JD 

i* 
1.& 
l-Jf^ 

My 
I.Ofi 
l.tC 
l.W 

l.(U 

.*• 

.911 

.» 

«l 

.^j 

.IT 
."Si 

.f'4. 

1-W 
lAiS 

8.u*» 
l.W 
\M 
l.«J 


Hating  table  for  Pigeon  River  at  Newport,  Tenn.,  from  January  1  to  December  SI,  1904. 


Gage 
height. 

Discharge. 

Gage 
height 

Discharge. 

Gage 
height 

Discharge. 

1     Gage 
height. 

1  l>isebATKiv 

Feel. 

Secamd-feei. 

Fed. 

Serond'feet. 

Fpct. 

Second-feet. 

fM. 

'  Sectmd-/t^f. 

0.6 

180 

1.5 

710 

2.4 

1,660 

3.3 

3,300 

.7 

225 

1.6 

790 

2.5 

1,810 

3.4 

'       3,500 

.8 

275 

1.7 

875 

2.6 

1,970 

3.5 

3,700 

.9 

325 

1.8 

965 

2.7 

2,140 

3.6 

3,900 

1.0 

380 

1.9 

1,060 

2.8 

2,320 

3.7 

4,100 

1.1 

440 

2.0 

1,160 

2.9 

2,510 

3.8 

4,300 

1.2 

500 

2.1 

1,270 

3.0 

2,700 

3.9 

4,500 

1.3 

565 

2.2 

1,390 

3.1 

2,900 

4.0 

4,700 

1.4 

635 

2.3 

1,520 

3.2 

3,100 

1 

5.0 

6,700 

The  above  table  is  based  upon  measurements  made  1900  to  1904,  and  is  well 
defined.  Above  gage  height  3  feet  the  rating  curve  is  a  tangent^  the  difierencr 
being  200  per  tenth. 
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EtiimcUed  monthly  (Uncharge  of  Pigeon  River  at  Newport,  Tetin,,  for  1904, 

[Drainage  area,  656  square  miles.] 


Month. 

January , 

Fe))niary , 

March 

April 

May 

June 

July 

Au^st 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


3,000 

2,140 

9,300 

1,810 

2,140 

1,012 

1,455 

875 

565 

225 

500 

2,800 


9,300 


Minimum. 


140 
410 
790 
710 
500 
470 
380 
410 
225 
160 
180 
180 


140 


Mean. 


698 


Run-off. 


Second-feet 

per  square 

mile. 


635  ' 
846 
1,859 
974 
895 
653 
598 
583 
340 
184 
275 
529 


0.969 
1.29 
2.84 
1.49 
1.37 
.997 
.913 
.890 
.519 
.281 
.420 
.808 


1.07 


Depth  In 
inches. 


1.12 
1.39 
3.27 
1.66 
1.58 
1.11 
1.05 
1.03 
.579 
.324 
.469 
.982 


14.51 


NOLICHUCKY   BIVER   NEAB  GREENEVILI.E,  TENN. 

This  station  was  established  May  7,  1903,  by  E.  W.  Myers,  assisted 
by  B.  S.  Drane.  It  is  located  at  Jones's  bridge,  5  miles  southeast  of 
Greeneville,  Tenn. ,  which  is  the  nearest  railroad  station.  The  standard 
chain  gage,  with  inclosed  scale,  is  nailed  to  wooden  blocks  bolted  to  the 
lower  chord  of  the  bridge  on  the  upstream  side  midway  between  the 
second  and  third  intermediate  post  from  the  right  bank.  The  length 
of  the  chain  from  the  end  of  the  weight  to  the  marker  is  33.63  feet. 
The  gage  is  read  once  each  day  by  B.  H.  Jones.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  two-span  steel  high- 
way bridge  to  which  the  gage  is  attached.  The  initial  point  for 
soundings  is  the  left  end  of  the  top  bar  of  the  downstream  hand  rail. 
The  channel  is  straight  for  about  700  feet  above  and  below  the  station. 
The  right  bank  is  high,  but  at  flood  stages  part  of  the  water  will  pass 
around  the  end  of  the  bridge.  The  left  bank  is  high  and  can  never 
overflow.  The  section  is  regular,  and  the  bed  is  composed  of  pebbles 
and  small  stones  and  is  not  subject  to  change.  The  velocity  is  uniform 
and  well  distributed  except  at  extreme  low  water  (below  gage  height 
0.50  foot),  when  the  middle  pier  and  a  small  bar  of  gravel  and  small 
stones  throw  the  current  toward  both  banks. 

Bench  mark  No.  1  is  a  standard  iron  bench-mark  post  of  the  United 
States  Geological  Survey  set  on  the  left  bank  just  below  the  bridge. 
It  is  5.5  feet  downstream  from  the  left  end  of  the  bridge,  and  is  said 
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to  be  above  high-water  mark.  Ite  elevation  above  gage  datuiu  i- 
26.80  feet.  Bench  mark  No.  2  is  the  upper  outer  edge  of  the  out^»: 
eyebar  of  the  lower  chord  of  the  bridge,  3.6  feet  to  the  right  of  th^^ 
center  of  the  third  intermediate  post  from  the  right  bank.  The  point  i«* 
marked  by  a  spot  of  white  paint  and  the  letters  *'  B.  M."  Its  elevatit  »r) 
above  gage  datum  is  32.03  feet. 

The  observations  at  this  station  during  1904  have  been  madt^  und»T 
the  direction  of  M.  R.  Hall,  district  hydrogi-apher. 

Dinclmrge  vieasureniefUs  of  Nollchicki/  River  near  GreettevUley  Tenn.,  in  1S^4' 


Date. 


February  24 
February  27 
March  23  . . . 
March  23  . . . 
March  24  . . . 

May3 

July9 

August  9  . . . 
August  9  . . . 
October  17.. 
October  17.. 


HydroKrapher. 


B.  S.  Drane 

do.... 

do.... 

do.... 

do.... 

do.... 

J.  M.  Giles. 
B.  8.  Drane 

do  .... 

do  .... 

do.... 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

hleet. 

Sq./eet. 

Ft.  per  acr. 

Ftet. 

275 

1,015 

1.57 

1.11 

274 

1,157 

2.21 

1.69 

275 

1,558 

3.45 

3.26 

276 

1,732 

3.84 

3.66 

311 

2,008 

3.99 

4.67 

133 

987 

1.56 

1.11 

264 

806 

1.07 

.48 

275 

911 

1.24 

.81 

275 

914 

1.34 

.82 

275 

649 

.52 

.12 

275 

646 

.55 

-  .10 

rhjir?» 


1,V.C 


1 


•> 


.1 


5. ::- : 

8,01^ 
l,.VJi» 

1,1_N 

;i4.« 


Mean  daily 

gage  h 
Jan. 

0.11 
.12 
.30 
.18 
.06 
.10 
.04 
.12 
.11 
.09 
.12 
.20 
.30 
.30 
.19 
.10 
.80 
.70 
.r)() 
.30 

.:» 

1.00 
1.00 
.90 
.50 
.40 
.30 
..30 
.30 
.20 
1 

eighty  i 
Feb. 

nfeet, 
Mar. 

1.40 
1.40 
1.30 
1.20 
1.20 
1.00 
3.10 
3.70 
2.40 
1.80 
1.65 
1.60 
1.40 
1.25 
1.25 
1.10 
.95 
.95 
1.05 
1.00 
.95 
2.10 
2. 10 
5. 00 
3.30 
2.50 
2.40 
2.30 
1.90 
1.70 
1.60 

of  Nolichucky  River  near 

Oreenevillef 

Tenn. 

,  for  1904. 

Day. 

Apr. 

May. 

1.40 

1.25 

1.15 

1.20 

1.40 

1.20 

1.05 

.90 

3.70 

2.30 

1.70 

1.45 

1.35 

1.16 

1.05 

1.00 

.90 

.85 

.95 

.85 

.80 

.76 

.66 

.60 

.60 

.60 

.70 

.65 

.55 

.65 

.60 

June. 

1.75 
1.95 
1.66 
1.16 
.96 
.86 
.90 
.80 
.75 
.60 
.86 
.76 
.70 
.55 
.50 
.40 
.45 
.55 
.65 
.75 
.75 
.70 
.55 
.45 
.40 
.60 
.85 
.60 
1.95 
1.55 

July. 

1.30 
.90 
.66 
.50 
.70 
.50 
.60 
.46 
.50 

1.00 
.65 
.85 
.65 
.50 
.35 
.30 
.86 
.85 
.26 
.20 
.20 
.70 
.45 
.30 
.25 
.90 
.70 
.40 
.46 
.50 
.45 

Aug. 

Sept. 

0.25 
.50 
.65 
.60 
.50 
.40 
.30 
.25 
.20 
.15 
.15 
.15 
.15 
.20 
.10 
.10 
.05 
.05 
.06 
.06 
.05 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Oct. 

1 
Nov. 

0.  .'■ 

1 

0.20 
.20 
.18 
.30 
.20 
.15 
.30 
1.80 
1.40 
.90 
.70 
.60 
.40 
.40 
.40 
.60 
.40 
.30 
.40 
.50 

.m 

.60 
1.70 
1.20 
.90 
.90 
1.50 
2.-20 
1.60 

1.40 

1.40 

1.25 

1.05 

1.00 

.95 

1.00 

1.00 

.95 

1.15 

.95 

.90 

.90 

.80 

.•75 

.80 

1.20 

1.00 

.85 

.80 

.80 

.80 

.75 

.75 

.80 

.75 

1.50 

2.25 

1.90 

1.65 

....... 

0.30 

1.45 
.95 
.65 
.50 
.65 
.60 
.70 
.80 
.65 
.75 

1.05 
.80 
.65 
.50 
.66 
.60 
.55 
.40 
.55 
.76 
.90 
.65 
.75 

1.00 
.65 
.45 
.45 
.35 
.80 
.25 

0.00 

-  .05 

-  .10 

-.a> 

-  .10 
-.10 

-  .10 
.00 

.as 

.-  .OS 

-  .a=> 

-  .(& 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .15 

-  .10. 

-  .10 
-  .10 

-  .10 

-  .05 

-  .05 

-  .06 

-  .10 

-0.10 

2 

-  .05 

-  .05 

.00 

j"> 

8 

:>• 

4 

ja- 

5 

ti> 

6 

1 
..Vi        l.iii 

7 

.30 
.10 
.05 

l.j« 

8 

.  .i' 

9 

.  '4> 

10 

.00            i'^ 

11 

.00 
.00 
.10 

,•-* 

12 

.  Vi 

13 

.  v» 

14 

'»■ 

16 

.55  '       ._•»• 

16 

.30            .^' 

17 

,25  1 

18 

1 
.30          ..'-• 

19 

.20  1         :■» 

20 

-15            3' 

21 

22 

.20            11' 
.20             *■ 

•23 

24 

25 

2G 

27 

2H 

2y 

.25 

.40 
.30 
.20 
.15 
.10 
.05 
.20 

1 

.l"-« 

.V' 

.7  J 
1  J* 

30 

81 
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Bating  table  for  XoUchucky  River  near  Greenetilley  Tenn.j  from  Janttary  1  to  December  SIj 

1904. 


Gage 
height. 

Discharge. 

Gage 
height. 

Diacharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

h'eet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Fed. 

Second-feet. 

0. 15 

320 

0.8 

1,195 

1.9 

2,780 

3.0 

4,860 

.1 

355 

.9 

l,3a5 

2.0 

2,955 

3.2 

5,  270 

.a'> 

390 

1.0 

1,420 

2.1 

1 

3,135 

3.4 

5,680 

.0 

430 

I.  1 

1,545 

2.2 

3, 315 

3.6 

6,100 

.1 

510 

1.2 

1,675 

2.3 

3,500 

3.8 

6,530 

.2 

595 

1.3 

1,815 

2.4 

3,685 

4.0 

6,960 

.3 

685 

1.4 

1,965 

2.5 

3,  875 

4.2 

7,390 

.4 

780 

1.5 

2,120 

2.6 

4,070     1 

4.4 

7,820 

.5 

880 

1.6 

2,280 

2.7 

1 

4,265 

4.6 

8,250 

.6 

980 

1.7 

2,445 

2.8 

4,460 

4.8 

8,690 

.  / 

1,085 

1.8 

2,610 

2.9 

4,660 

1 

5,0 

9,130 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
18  discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between 
gage  heights  —0.15  feet  and  1.10  feet.  Above  1.10  feet  the  curve  is  somewhat  uncer- 
tain owing  to  the  fluctuation  of  the  water  surface  during  the  high- water  measurements. 

Estimated  monthly  discfiarge  of  Nolichucky  River  near  GreeneviUe,  Tenn,,  for  1904. 

[Drainage  area,  1,099  square  miles.] 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

Sej)teniber 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


1,420 
3,315 
9,130 
3,408 
6,315 
2,868 
1,815 
2,043 
1, 033 
430 
930 
1,890 


Minimum. 


9,130 


462 
553 
1,363 
1,140 
930 
780 
595 
640 
430 
320 
355 
510 


Mean. 


320 


711 

1,210 

2,778 

1,549 

l,a31 

1,313 

931 

1,045 

573 

369 

588 

869 

1,131 


Run-off. 


Second-feet 

per  SQuare 

mile. 


0.647 
1.10 

2.53 
1.41 
1.48 
1.19 
.847 
.951 
.521 
.336 
.535 
.791 


Depth  in 
inches. 


1.03 


0.746 
1.19 
2.92 
1.57 
1.71 
1.33 
.976 
1.10 
.581 
.387 
.597 
.912 


14.01 
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HOLSTON    RIVER  (sOUTH   FORK)  AT   BLUFF  CITY,  TENN. 

This  station  was  originally  established  by  the  United  States  Weather 
Bureau  at  the  highway  bridge  at  Bluff  City,  Tenn.  Readings  were 
begun  July  17,  1900,  by  the  United  States  Geological  Survey  in  con- 
nection with  the  general  hydrogi-aphic  investigation  of  the  Southern 
Appalachian  region.  The  gage,  which  is  the  property  of  the  United 
States  Weather  Bureau,  is  a  4  by  8  inch  timber  bolted  to  the  down- 
stream side  of  the  first  channel  pier  from  the  right  banh.  The  gag*- 
readings  are  furnished  by  the  United  States  Weather  Bureau.  Dis- 
charge measurements  are  made  from  the  lower  side  of  the  four->pan 
highway  bridge  to  which  the  gage  is  attached.  This  bridge  is  a  :*hort 
distance  below  the  Virginia  and  Southwestern  Railroad  bridge.  The 
initial  point  for  soundings  is  the  end  of  the  guard  rail  on  the  down- 
stream side  of  the  bridge  over  the  left  abutment.  The  channel  i> 
straight  above  the  bridge  for  a  distance  of  300  feet,  to  the  bridge  of 
the  Virginia  and  Southwestern  Railroad.  The  channel  is  straight  for 
about  1,000  feet  below  the  bridge.  The  bed  is  rocky  and  permanent 
The  bottom  is  very  rough,  and  rocky  ledges  just  above  and  below  the 
bridge  cause  back  currents,  eddies,  and  sudden  variations  in  the 
velocity.  Both  banks  are  high  and  do  not  overflow.  The  gage  i> 
referred  to  a  United  States  Geological  Survey  bronze  bench-mark  taF)- 
let  set  in  the  upstream  side  of  the  capstone  of  the  left  abutment 
When  the  gage  reads  zero,  this  bench  mark  is  20.44  feet  above  the 
water  surface.     Its  elevation  above  sea  level  is  1,389  feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  HcleiUm  Rirrr  {South  Fbrk)  at  Bluff  (Sty,  Tferw.,  »«  1904- 


Date. 


Hydrog-repher. 


February  26  . 
March  28.... 


B.  S.  Drane 

....do 

April  29 ;  DraneandM.R.Hall 

July  12 J.  M.  Giles 

July  12« I do 

August  10 1  B.  S.  Drane 

October  18 do 

October  18 ' do 

October  18« do 


Width. 
Ftei. 

Area  of 
section. 

Sq.fect. 

265 

590 

268 

763 

275 

955 

97 

273 

123 

490 

204 

252 

196 

181 

108 

73 

112 

349 

Mean  Gace 

velocity.       heiinii. 


Ft.  per  tec. 
1.89 
1.98 
3.04 
1.68 

.97 
1.52 

.89 
2.35 

.48 


F\teL 
1.62  , 
2.38  . 
3.27 
.60 
.60 
.60  ' 

-  .05 

-  .05 

-  .09 


1,114 
l,5«iii 

2,^11' 
4^y 

47r^ 
:i>4 

171 
Ir^^ 


a  Measurement  made  at  Virginia  and  Southwestern  Railroad  bridge. 
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Mean  daily  gage  height^  in  feeiy  of  IloUUm  River  (Sautfi  Fork)  at  Bluff  CUy,  Tenn.f 

for  1904'  - 


Day. 


Jan. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
1ft. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 

ao. 

31. 


0.30 

.40 

.60 

.30 

.10 

.40 

.40 

.40 

.40 

.20 

.10 

.90 

.90 

.90 

.70 

.60 

1.00 

1.00 

.90 

.90 

.80 

.80 

1.70 

1.80 

1.40 

1.30 

1.10 

.80 

.70 

.40 

.40 


Feb. 


0.70 

.20 

.60 

.40 

.10 

.40 

.SO 

1.90 

2.00 

1.60 

1.40 

1.10 

.80 

.90 

1.00 

1.00 

.80 

.60 

.80 

1.10 

1.10 

1.60 

3.10 

2.40 

1.90 

1.60 

1.60 

1.50 

1.50 


Mar. 


1.60 
1.80 
2.00 
2.00 
1.90 
1.70 
1.70 
3.20 
3.00 
2.40 
2.10 
2.20 
1.90 
1.90 
1.80 
1.75 
1.50 
1.65 
1.60 
1.60 
1.56 
1.80 
3.10 
6.70 
3.90 
3.00 
2.75 
2.60 
2.10 
2.00 
1.70 


Apr. 

May. 

June. 

July. 

Aug. 

1.65 

2.40 

0.90 

1.80 

0.40 

1.60 

2.10 

.90 

1.80 

2.00 

1.45 

2.00 

1.00 

1.00 

1.60 

1.20 

8.00 

.90 

.90 

1.20 

1.20 

2.86 

.70 

.80 

.90 

1.10 

2.80 

.70 

.70 

1.00 

1.10 

1.96 

.60 

.70 

.90 

1.25 

1.75 

.70 

.60 

.70 

1.10 

1.90 

.60 

.60 

.60 

1.00 

2.00 

.60 

.80 

.60 

1.00 

2.0O 

.60 

.80 

.70 

1.00 

1.80 

.60 

.60 

1.60 

1.10 

1.60 

.60 

.60 

1.20 

1.66 

1.40 

.60 

.70 

1.00 

1.60 

1.50 

.50 

.40 

.80 

1.50 

1.46 

.60 

.80 

.70 

1.40 

1.20 

.50 

.90 

.60 

1.10 

1.10 

.50 

.60 

.50 

1.20 

1.20 

.50 

.40 

.60 

1.00 

1.20 

.40 

.40 

.80 

1.00 

1.20 

.40 

.80 

.70 

1.00 

1.10 

.40 

.80 

.70 

1.00 

1.00 

.40 

.30 

.70 

.90 

.90 

.40 

.40 

.60 

.90 

.90 

.30 

.70 

.40 

.90 

.80 

.30 

.60 

.40 

2.00 

.80 

.40 

.60 

.40 

4.20 

.70 

.80 

.60 

.80 

8.60 

.80 

1.70 

.50 

.20 

2.90 

.80 

2.50 

.50 

.20 

.80 

.40 

.00 

Sept. 


0.00 
.20 
.40 
.60 
.70 
.60 
.40 
.20 
.20 
.10 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.00 
.00 
.10 
.10 
.10 


Oct. 


0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-  .10 
.10 

-  .10 
~  .10 

.00 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 
.00 

-  .10 
.00 

-  .10 

-  .10 

-  .10 


Nov. 


-0.10 
.00 
.00 
.10 
.80 
.30 
.20 
.20 
.10 
.10 
.10 
.00 
.20 
.60 
.60 
.40 
.30 
.80 
.30 
.20 
.20 
.20 
.40 
.40 
.40 
.30 
.20 
.10 
.10 
.20 


Dec. 


0.30 
.80 
.40 
.60 
.70 
2.80 
1.80 
1.80 
.90 
.80 
.80 
.90 
.80 
.80 
.60 
.60 
.60 
.60 
.50 
.60 
.40 
.40 
.80 
.80 
.70 
.90 
.90 
2.00 
1.50 
1.00 
.90 


Hating  table  for  IldUton  River  {South  Fork)  at  Bluff  COy,  Tenn,,  from  January  1  to 

December  31^  1904. 


Gage 
height. 

Discharge. 

Gage 
hei^t. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

'      Feet. 

Secondr/eet. 

'      Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

-0.1 

150 

1.2 

840 

;     2.5 

1,970 

3.8 

3,800 

.0 

190 

1.3 

910 

2.6 

2,080 

3.9 

3,980 

.1 

235 

1.4 

980 

2.7 

2,190 

4.0 

4,160 

.2 

280 

1.5 

1,060 

2.8 

2,310 

4.2 

4,530 

.3 

330 

1.6 

1,140 

2.9 

2,430 

4.4 

4,910 

.4 

380 

1.7 

1,220 

3.0 

2,550 

4.6 

5, 310 

.5 

430 

-  1.8 

.     1,300 

3.1 

2,680 

4.8 

5,730 

.6 

485 

1.9 

1,390 

3.2 

2,820 

5.0 

6,180 

.7 

540 

2.0 

1,480 

3.3 

2,970 

5.2 

6,650 

.8 

595 

2.1 

1,570 

3.4 

3,120 

5.4 

7,130 

.9 

650 

2.2 

1,670 

3.5 

3,280 

5.6 

7,630 

1.0 

710 

2.3 

1,770 

3.6 

3,450 

5.8 

8,130 

1.1 

770 

2.4 

1,870 

1      3.7 

1 

3,620    I 

6.0 

8,630 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
41  dischai^e  measurements  made  during  1900  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  —0.1  feet  and  3.5  feet.  The  table  has  been  extended  beyond 
these  limits.  Above  gage  height  5.4  feet  the  rating  curve  is  a  tangent,  the  difference 
being  250  per  tenth. 
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(vj.  !:> 


EMimated  monthly  discharge  of  HoUton  JHver  {South  Ibrk)  al  Bluff  City^  Tetin.,fof  r* 

[Drainage  area,'  828  sqaaro  miles.] 


Month. 


January  

February  

March 

April 

May 

June , 

July 

August 

September 

October 

November 

December 

The  year 


Dueharge  in  second-feet. 


Ran-off. 


Maximum. 

Minimum. 

1,300 

235 

2,680 

235 

7,880 

1,060 

4,530 

650 

2, 550 

540 

1,970 

330 

1,300 

330 

1,480 

190 

540 

190 

235 

150 

430 

150 

2,310 

330 

1 

7,880 

150 

Mean. 

573 

885 

1,860 

1,086 

1,115 

550 

515 

579 

274 

185 

291 

651 


Second-feet 

por  fiquare 

mile. 


0.692 
1.07 
*>  2o 

1.31 
1.35 
.6(>4 
.622 
.699 

.:«i 

.223 
.351 
.786 


itirh*-». 


0.7^ 

1.  ;:* 

1.4»> 

l.v; 

.741 

.717 
.  '*'»■. 
.  >•- 


.rs 


.>•: 
i*». 


862         11.7.^ 


HOL8TON   RIVER  AT  AUSTINS  MILLS,    NEAR  ROGERSVILLE,    TENN. 

This  station  is  maintained  in  cooperation  with  the  United  State> 
Weather  Bureau,  by  whom  the  gage  readings  are  furnished.  It  i> 
located  at  the  Southern  Railway  bridge  at  Austins  Mills,  Tennes>ef. 
The  gage  is  graduated  by  feet  and  tenths  to  49  feet,  and  is  attached  ver- 
tically to  the  downstream  end  of  the  pier  nearest  the  right  bank.  It  i- 
read  once  each  day  by  Fred  Beal.  Discharge  measurements  are  made 
from  the  downstream  side  of  the  bridge  to  which  the  gage  is  attachcnl 
This  is  a  deck  bridge,  800  feet  long,  resting  on  stone  piers.  Six  spaii> 
are  wooden  truss,  and  piers  have  been  built  for  two  more  span>  ai 
each  end,  but  the  track  is  carried  on  trestle  work.  The  initial  jxHiit 
for  soundings  is  the  end  of  the  bridge  truss  over  the  center  of  the  pier 
on  the  right  bank,  downstream  side.  The  channel-is  straight  for  about 
2,000  feet  above  and  for  1,000  feet  below  the  bridge.  The  current  i^ 
swift,  there  being  a  shoal  about  500  feet  below  the  bridge.  The  ricrht 
bank  will  overflow  gradually  at  gage  heights  from  10  to  20  feet,  anJ 
the  left  bank  at  gage  heights  8  to  20  feet.  There  is  a  fringe  of  tree> 
along  both  banks.  The  bed  of  the  stream  is  composed  of  rock  aii<i 
gravel  and  is  permanent.  All  the  water  passes  beneath  the  bridtjr 
and  trestles,  there  being  one  channel  broken  by  three  piers  at  ordinary 
stages. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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IHncharge  mea^iremenls  of  Hobtton  River  atAugtins  MiUsy  near  RogernmUe^  Tenn^y  in  1904. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Qage 
height. 

Feet. 
1.75 
2.00 
1.10 

Dis- 
charge. 

July  14 

August  12 

October  21 

J.  M.  Giles 

B.  S.  Drane 

do 

Feet. 
376 
420 
413 

Sq./eet. 
1,526 
1,591 
1,229 

FL  per  gee. 

1.17 

1.47 

.53 

Second-Jt. 
1,783 
2,332 
647 

Mean  daily  gage  height^  in  feet,  of  Holston  River  cU  Augtins  Mills,  near  RogersviUe,  Tenn., 

for  1904. 


Day. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

2:j 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

1.80 
1.60 
1.60 
l.(W 
1.60 
1.70 
1.60 
1.60 
1.80 
1.60 
1.60 
1.70 
1.80 
2.00 
2.00 
1.80 
2.00 
2.20 
2.20 
2.00 
1.80 
1.80 
2.30 
3.40 
8.00 
2.60 
2.30 
2.20 
1.80 
1.70 
1.70 


Feb. 

1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.60 
2.00 
3.10 
2.80 
2.60 
2.20 
2.00 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
2.10 
2.20 
2.20 
3.80 
3.80 
8.20 
8.00 
3.10 
3.80 
8.00 


2.90 
8.10 
3.70 
8.10 
8.10 
2.90 
2.90 
5.00 
4.60 
8.90 
3.50 
3.40 
3.10 
3.10 
3.10 
3.10 
2.80 
2.60 
2.50 
2.60 
2.50 
8.20 
3.70 
7.00 
6.50 
5.00 
4.40 
4.10 
3.70 
3.50 
3.10 


Apr. 

May. 

June. 

8.00 

8.70 

2.00 

2.90 

8.80 

2.70 

2.60 

8.10 

2.80 

2.40 

8.00 

2.40 

2.30 

4.80 

2.20 

2.30 

8.60 

2.20 

2.80 

3.20 

2.10 

2.30 

2.60 

2.10 

2.40 

3.00 

2.10 

2.40 

8.40 

2.00 

2.30 

8.30 

2.60 

2.20 

8.10 

2.20 

2.20 

8.00 

2.10 

2.40 

2.70 

1.90 

2.40 

2.60 

1.90 

2.40 

2.60 

1.80 

2.30 

2.40 

1.80 

2.40 

2.30 

1.80 

2.80 

2.30 

1.80 

2.20 

2.20 

1.80 

2.10 

2.20 

1.70 

2.00 

2.20 

1.70 

2.00 

2.20 

1.70 

2.00 

2.20 

1.70 

2.00 

2.10 

1.70 

2.00 

2.10 

1.70 

2.20 

2.10 

1.60 

8.70 

2.00 

1.80 

5.00 

1.80 

2.40 

4.30 

1.80 
1.80 

2.90 
....... 

July. 

3.10 
2.80 
2.20 
2.10 
ZIO 
2.10 
2.20 
2.10 
2.10 
2.00 
2.20 
2.00 
1.90 
1.80 
1.70 
1.70 
1.60 
1.50 
1.50 
1.50 
1.50 
1.60 
1.60 
1.50 
1.60 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 


1.60 
1.60 
2.40 
2.80 
2.00 
2.00 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
2.20 
2.00 
2.00 
2.10 
1.80 
2.00 
1.80 
1.90 
2.70 
2.60 
2.20 
1.80 
1.70 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 


Sept. 


1.40 
1.40 
1.40 
1.80 
1.90 
1.60 
1.60 
1.50 
1.60 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


Oct. 

Nov. 
1,00 

Dec. 

1.20 

1.30 

1.20 

1.00 

1.30 

1.20 

1.00 

1.50 

1.20 

1.10 

1.60 

1.20 

1.20 

1.70 

1.20 

1.30 

3.10 

1.20 

1.40 

8.40 

1.10 

1.80 

2.60 

1.10 

1.80 

2.20 

1.10 

1.20 

2.00 

1.10 

1.20 

1.80 

1.10 

1.20 

1.80 

1.10 

1.30 

1.90 

1.10 

1.80 

1.80 

1.10 

1.50 

1.70 

1.10 

1.50 

1.70 

1.10 

1.40 

1.70 

1.10 

1.30 

1.60 

1.10 

1.30 

1.50 

1.10 

1.30 

1.60 

1.10 

1.30 

1.50 

1.10 

1.30 

1.50 

1.00 

1.40 

1.50 

1.00 

1.40 

1.40 

1.00 

1.30 

1.70 

1.00 

1.50 

1.80 

1.00 

1.40. 

2.00 

1.00 

1.30 

2.80 

1.00 

1.80 

3.20 

1.00 

1.90 

2.60 

1.00 

2.40 

Rating  table  for  HolMon  River  at  Austins  Mills,  near  Rogersville,  Tenn.,  from  January  1  to 

December  SI,  1904. 


Oage 
height. 


Discharge. 


Gage 
height. 


Fed. 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 


Second-fert. 

645 

805 

970 

1,140 

1,315 

1,500 


Feet. 
1.7 
1.8 
1.9 
2 

2.1 
2.2 


Discharge. 

Second-feet. 
1,695 
1,900 
2,110 
2,330 
2,555 
2,790 


Oage 
height. 

Discharge. 

Oage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.3 

3,035 

2.9 

4,675 

2.4 

3,285 

3 

4,980 

2.5 

3, 645 

3.1 

5,290 

2.6 

3, 815 

3.2 

5,610 

2.7 

4,095 

'      3.3 

5,940 

2.8 

4,380 

3.4 

6,270 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
3  dim^harge  measureiiicntH  made  during  1904  and  one  made  in  1905.  It  is  well  defined 
U'tween  gage  heights  1.1  feet  and  2  feet.  The  table  has  been  extended  above  these 
limits. 
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[seo.  12f , 


Ealimated  monthly  discharge  of  Holslon  River  at  Austins  MillSj  near  Rogersville,  Thm^^fv 

1904. 


Month. 


Janoary 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November. 

December  . 

The  year 


Di8chaiig:e  in  seeond-feeC. 


Maximam.  i  Minimum. 


WATAUGA   RIVER  NEAR  ELIZABETHTON,  TENN. 

This  station  was  established  May  11, 1903,  by  E.  W.  Myers,  assisted 
by  B.  S.  Drane.  The  station  is  located  on  the  Virginia  and  South- 
western Railroad  bridge  at  Siam,  about  4  miles  from  Elizabethton. 
Tenn.  The  standard  inclosed  chain  gage  is  located  on  the  down- 
Htream  side  of  the  middle  span  on  the  inside  of  the  guard  rail.  The 
zero  of  the  scale  is  opposite  a  point  142  feet  from  the  initial  point  for 
soundings.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  marker  is  22.66  feet.  It  is  read  once  each  day  by  J.  B.  Nave. 
Discharge  measurements  are  made  on  the  lower  side  of  the  bridge  to 
which  the  gage  is  attached.  This  bridge  crosses  the  river  at  an  angle 
of  about  14°  with  the  normal  to  the  direction  of  the  current.  The  initial 
point  for  soundings  is  the  top  of  the  first  bolt  on  the  downstream  guard 
rail  over  the  middle  of  the  left  abutment.  The  channel  is  straight 
for  1,000  feet  above  and  below  the  station.  The  right  bank  is  high 
and  will  overflow  only  at  flood  stages.  All  water  will,  however,  pa.v* 
under  the  bridge  and  the  trestle  approach.  The  left  bank  is  a  per- 
pendicular masonry  abutment  and  will  not  overflow.  The  section 
underneath  the  bridge  is  smooth  and  consists  of  sand,  silt,  and  some 
small  rocks,  and  does  not  appear  to  be  shifting.  At  ordinary  stage>' 
the  channel  is  divided  into  three  parts  by  the  bridge  piers.  At  flood 
stages  there  is  an  additional  flood  channel  on  the  right  bank.  A 
shallow  stretch  1,000  feet  below  the  bridge  makes  the  current  under 
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the  bridge  sluggish  at  low  stages.  Bench  mark  No.  1  is  a  standard 
copper  bolt  set  in  the  cap  of  the  abutment  on  the  left  bank,  upstream 
side  of  the  bridge.  When  the  gage  reads  zero  its  elevation  is  21.11 
feet  above  the  water  surface.  Bench  mark  No.  2  is  the  upper  edge 
of  the  plate  connecting  the  lower  bracing  system  with  the  lower  chord 
and  floor  beam  opposite  the  middle  of  the  gage  box  on  the  downstream 
side  of  the  bridge.  This  floor  beam  is  the  fourth  from  the  left  end 
of  the  middle  span.  When  the  gage  reads  zero  its  elevation  is  19.60 
feet  above  the  water  surface.  During  the  summer  and  fall  of  1902  a 
line  of  levels  was  run  from  Carter's  station,  Tennessee,  near  the 
mouth  of  the  river,  to  a  point  near  ShuUs  Mills,  in  North  Carolina, 
near  the  head  of  the  river,  locating  the  water  powers  of  this  stream. 
These  powers  are  numerous  and  of  considerable  magnitude,  but  at 
present  are  comparatively  inaccessible  and  hence  not  commercially 
available. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Watauga  River  near  Elizabethton,  Tenn.y  in  190S  and  1904* 


Date. 


Hydrographer. 


E.  W.  Myere. 

.-..do 

B.  S.  Drane.. 
....do 


1903. 
February  10  . . 

May  11 

Julv  13 

August  15 

August  15 !  M.  R.  Hall 

September  5  . . .   B.  S.  Drane 

September  5  o..i do 

October  17 do 

November  23 do 


Width. 


1904. 
February  25 


B.  8.  Drane. 


February  25  . . .  | do 

March  25 

April  30 

July  11 


do  .... 

do  .... 

J.  M.  Giles 


August  11 B.  S.  Drane 


October  19^. 
October  19.. 


do 
do 


Feet 
233 
229 
228 
229 
205 
228 
108 
228 
228 

229 
229 
234 
230 
189 
231 
109 
228 


Area  of 
section. 


Sq./eet. 
1,002 
762 
662 
653 
620 
633 
369 
625 
633 

788 
784 
1,183 
751 
594 
760 
311 
517 


Mean 
velocity. 


fl.  per  9ec. 
1.09 
.87 
.35 
.31 
.53 
.36 
.67 
.33 
.34 

.68 
.65 
2.12 
.96 
.68 
.99 
.51 
.30 


Gage 
height. 

Dis- 
charge. 

Feel. 

Second-Jl. 

2.80 

1,095 

2.00 

665 

1.61 

234 

1.38 

205 

1.38 

328 

1.25 

226 

1.25 

247 

1.20 

204 

1.26 

214 

2.03 

537 

2.01 

507 

3.70 

2,507 

2.15 

720 

1.60 

403 

2.13 

754 

1.06 

158 

1.06 

156 

a  Boat  three-fourths  mile  above  station. 


b  Boat  one-half  mile  above  station. 
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Mean  daily  gage  height^  infeel^  of  Wataxiga  River  near  Elizaheihton^  Tenn.,  fr/r  l^M. 


Day. 


I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.30 

1.60 

2.35 

2.05 

2.10 

1.30 

1.70 

2.60 

2.00 

2.00 

1.26 

1.60 

2.30 

2.00 

2.70 

1.26 

1.50 

2.30 

1.90 

3.70 

1.20 

1.40 

2.15 

1.80 

2.70 

1.15 

1.60 

2.00 

1.75 

2.40 

1.20 

1.50 

4.45 

1.80 

2.20 

1.20 

2.70 

3.90 

1.70 

2.90 

1.20 

2.20 

8.10 

2.20 

3.60 

1.20 

1.90 

2.60 

1.90 

3.00 

1.30 

1.80 

2.80 

1.85 

2.80 

1.50 

1.65 

2.30 

1.90 

2.60 

1.60 

1.66 

2.30 

1.80 

2.40 

1.40 

1.65 

2.20 

1.70 

2.20 

1.20 

1.70 

2.15 

1.70 

2.25 

1.35 

1.70 

2.10 

1.80 

2.10 

1.80 

1.60 

2.00 

1.85 

2.00 

1.70 

1.60 

1.95 

1.75 

2.60 

1.70 

1.60 

2.00 

1.70 

2.40 

1.40 

1.70 

2.00 

1.70 

2.10 

1.60 

1.70 

2.00 

1.65 

2.00 

1.70 

2.15 

2.36 

1.65 

1.90 

3.00 

2.40 

4.00 

1.60 

1.80 

2.10 

2.20 

6. '20 

1.60 

1,75 

1.90 

2.05 

4.00 

1.56 

1.90 

1.90 

2.00 

3.10 

1.65 

1.35 

1.50 

2.60 

2.86 

1.90 

1.30 

1.60 

2.75 

2.60 

2.30 

1.20 

1.55 

2.40 

2.40 

2.80 

1.20 

1.40 

2.20 

2.20 

1.20 

1.40 

2.10 

2.30 

June.  '  July.  '  Aug.     Sept.     Oct.    i  Nov.     iK-r 


2.50 
3.00 
2.30 
2.20 
2.10 
2.00 
2.20 
1.95 
1.80 
1.80 
1.80 
1.80 
i.70 
1.70 
1.60 
1.50 
1.60 
1.60 
1.50 
1.60 
1.60 
1.70 
1.60 
1.60 
1.45 
1.45 
1.60 
1.70 
2.80 
2.20 


2.00 
1.80 
1.70 
1.60 
2.70 
1.90 
1,70 
1.60 
1.60 
1.70 
1.60 
1.60 
1.66 
1.50 
1.46 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.40 
1.50 
1.55 
1.86 
1.80 
1.50 
1.60 
1.50 
1.50 
1.60 


2.20 
2.20 
2.10 
2.00 
1.60 
1.75 
1.75 
1.70 
1.65 
1.50 
2.15 
1.90 
1.70 
1.65 
1.70 
2.60 
2.00 
1.70 
1.60 
1.60 
2.00 
1.80 
1.60 
1.50 
1.60 
1,46 
1.45 
1.46 
1.40 
1.40 
1.40 


1.40 
1.70 
1.60 
1.50 
1.60 
1.50 
1.45 
1.40 
1.30 
1.30 
1,25 
1.25 
1.30 
1.30 
1.35 
1.30 
1.25 
1.20 
1.20 
1.20 
1.20 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 


1.15 

1.15 

1.15 

1.15 

1.15 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.05 

1.06 

1.05  i 

1.05  I 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 


1.05 

i.a> 

1.10 
1.20 
1.60 
1.50 
1.30 
1.20 
1.16 
1.10 
1.10 
1.10 
1.40 
1.45 
1.50 
1.50 
1.45 
1.45 
1.40 
1.35 
1.35 
1.40 
1.40 
1.40 
1.35 
1.35 
1.30 
1.30 
1.30 
1.30 


.ii 


••I 

.w 
v« 
:<» 
40 

m 

5b 
.tO 

«■ 
4i" 

?:^ 
:si 

:ai 

«r» 
&=» 


Haling  table  for  Watauga  River  near  EWsahetJUon,  Tenn,,  from  January  1  to  Drcemfi*r 

SI,  1904. 


Gage 
height. 


Feet. 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 


Discharge. 


Gage 
lelght. 


helg 


Second-feet. 
135 
170 
210 
250 
295 
345 
400 
460 
520 
585 


Fset. 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 


Discharge. 


Second-feet. 

650 

720 

790 

865 

945 

1,030 

1,120 

1,215 

1,315 

1,420 


Gage 
height. 


;  Discharge. 

I 


Feet. 
3.0 

3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 


Second-feet. 
1,530 
1,645 
1,765 
1,895 
2,035 
2,180 
2,335 
2,500 
2,670 
2,845 


Gage 
height. 


Feet. 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 


Discharge. 

Sceond-fret. 
3,025 
3,390 
3,770 
4,160 
4,560 
4,960 
5,360 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
12  discharge  mea*^iirenient«  ma<le  djuring  1903  and  1904.  It  is  not  well  defined.  Tin- 
table  has  been  exte^ndocl  above  gage  height  3.7  feet.  This  table  is  very  uncertain 
above  gage  height  3.0  feet. 
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EsUmaUd  monthly  discharge  of  Watauga  River  near  Elizabethtonf  Term.,  for  1904' 

[Drainage  area,  408  square  miles] . 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

Septenaber 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxtmum. 


1,530 

1,265 

5,360 

865 

2,500 

1,530 

1,:J15 

1,120 

460 

190 

345 

865 


5,360 


Minimum. 


190 
295 
618 
372 
210 
320 
250 
295 
190 
152 
152 
230 


Mean. 


Run-off. 


152 


372 
601 
1,357 
552 
873 
579 
417 
496 
254 
166 
258 
349 


523 


Second-feet 
per  square 
mile.    - 


0.912 
1.47 
3.33 
1.35 
2.14 
1.42 
1.02 
1.22 
.623 
.407 
.632 
.855 


Depth  in 
inches. 


1.28 


1.05 
1.59 
3.84 
1.51 
2.47 
1.58 
1.18 
1.41 
.695 
.469 
.705 
.986 


17.48 


DOE   RIVER  AT   ELIZABETHTON,  TENN. 

This  station  was  established  as  a  bench-mark  station  May  22,  1904, 
by  B.  S.  Di*ane.  It  is  located  at  the  covered  wagon  bridge  in  the 
town  of  Elizabeth  ton,  Tenn.  Discharge  measurements  are  made  from 
the  downstream  side  of  the  bridge  by  lowering  the  meter  between  the 
sill  and  the  edge  of  the  floor.  The  initial  point  for  soundings  is  the 
left  bank  end  of  the  downstream  hand  rail.  The  channel  is  straight 
for  500  feet  above  and  below  the  station.  The  current  is  extremely 
sluggish  at  low  water.  Both  banks  are  high  and  do  not  overflow. 
All  the  water  passes  between  the  stone  abutments  of  the  bridge.  The 
bed  of  the  stream  is  composed  of  sand,  and  is  very  shifting.  There  is 
but  one  channel  at  all  stages.  A  low  dam  about  300  feet  below  the 
bridge  will  affect  the  flow  considerably  at  low  stages.  The  bench 
mark  is  the  top  of  the  lower  downstream  hand  rail  opposite  the  t,en- 
.sion  rods  at  the  middle  of  the  bridge,  65  feet  from  the  initial  point  for 
soundings.     Its  elevation  is  16  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Diacharge  measuremenit  of  Doe  Rirfr  ai  EHzabethion,  7Wm.,  in  1904- 

[  !  i 

Date.  Hydrographer.  Width.    .  ^^^       JJ^f^^  ^^  ^ 


/%«£.  Sq.fat.  FLpn-aec. 

May22 B.  S.  Drane 128  253            1.21          1.55            > 

Julvll J.M.Giles 129  166              .60           .79 

t 

October20 B.  S.  Drane ,        134  131              .37           .64 


I 


I 


•*• 


LITTLE  TENNESSEE   RTTER  AT  JTDSON,  K.  C- 

This  river  rises  in  the  extreme  northeast  Georgia,  with  tributaries 
from  the  mountains  between  North  Carolina  and  Georgia,  and  flow- 
in  a  northwesterly  direction,  emptying  into  Tennessee  River  at 
Lenoir,  Tenn.  Measurements  of  flow  are  made  at  Judson^  N.  C 
below  the  mouth  of  Sawyer  Branch.  The  area  drained  is  ^lountainoIl^ 
and  covered  with  forest  growth.  The  station  was  established  by 
E.  W.  Myers  in  June,  1896.  It  is  located  on  the  Southern  Railway 
bridge,  about  one-fourth  of  a  mile  from  Judson,  N.  C.  The  standard 
chain  gage  with  inclosed  scale  is  located  on  the  downstream  side  of 
the  first  span  from  the  left  end  of  the  bridge.  The  length  of  iU 
chain  from  the  end  of  the  weight  to  the  marker  is  26.29  feet,  TL*- 
observer  is  J.  L.  Enloe,  who  reads  the  gage  once  daily.  The  river  i^ 
straight  for  several  hutidred  yards  above  and  below  the  station;  tbr 
bottom  rocky  and  very  rough  on  the  west  side  and  sandy  on  the 
east  side.  The  current  is  swift  and  considerabh'  obstructed  b^'  two 
wide  timber  piers.  The  section  is  constant,  but  not  a  good  one  for 
measurements. 

Bench  mark  No.  1  is  the  top  of  the  angle  block  on  the  lower  chord 
at  the  middle  of  the  first  span  from  the  left  end  of  the  bridge,  on  the 
downstream  side.  Its  elevation  is  23.36  feet  above  gage  datum. 
Bench  mark  No.  2  is  a  standard  copper  bolt  set  in  the  rock  near  the 
end  of  the  tunnel,  on  the  right  bank,  130  feet  from  the  end  of  the 
bridge  and  8  feet  from  the  center  of  the  track.  Jts  elevation  is  28.14 
feet  above  gage  datum. 

The  obsen^ations  at  this  station  during  1904:  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Date. 


March  21 

May  25 

August  15 

September  30 
December  13. 


Hydrographer. 


B.  S.  Drane. 

do 

do 

do 

do 


Area  of 
section. 

Mean, 
velocity. 

he^ht. 

Discharge. 

Sq.Jeet. 

Ft,  per  tec. 

FM. 

Second-feet. 

434 

3.58 

3.49 

1,554 

303 

3.27 

2.95 

993 

311 

3.07 

2.98 

955 

216 

2.02 

2.32 

436 

249 

2.33 

2.53 

580 

Mexin  daily  ga^e  height^  infeet^  of  Little  Tennessee  River  at  Judsony  N,  C,  for  1904- 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

/. 

8. 

9. 
10. 
11. 
VI. 
1.3. 
14. 
15. 
16. 
17. 
IS. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


2.50 
2.52 
2.48 
2.42 
2.39 
2.43 
2.55 
2.52 
2.48 
2.45 
2.65 
2.58 
2.59 
2.52 
2.45 
3.28 
3. 35 
8.22 
3.18 
2.84 
2.58 
5.30 
4.28 
3.22 
8.18 
2.59 
2.50 
2.42 
2.45 
2.81 
2.71 


Feb. 

2.65 
2.61 
2.63 
2.48 
2.34 
3.18 
3.80 
3.82 
3.34 
3.28 
3.20 
2.81 
2.81 
3.48 
8.51 
3.22 
3.30 
3.28 
3.30 
3.80 
4.24 
5.38 
4.47 
4.13 
3.91 
3.63 
3.31 
3.14 
3.10 


Mar. 

3.14 
3.08 
2.98 
8.09 
3.13 
4.20 
6.25 
5.15 
4.40 
4.19 
4.65 
4.25 
4.10 
3.90 
3.95 
3.85 
3.85 
3.80 
3.70 
3.65 
3.60 
4.72 
5.66 
6.12 
4.40 
4.10 
8.45 
3.45 
3.40 
3.45 
3.40 


3.50 
3.50 
3.55 
3.40 
3.40 
8.35 
3.85 
4.00 
8.90 
3.65 
3.60 
3.60 
3.65 
3.56 
3.50 
3.45 
3.40 
3.36 
3.45 
3.40 
3.35 
3.30 
3.80 
3.25 
3.25 
3.20 
3.20 
3.15 
3.16 
3.20 


May. 


3.25 
3.15 
8.15 
3.20 
3.20 
3.26 

(«) 

(") 

(^) 

(«) 

(«) 

(«) 

(«) 

3.80 

3.25 

8.20 

3.10 

3.15 

3.15 

3.10 

3.10 

3.05 

2.95 

2.90 

2.90 

2.95 

2.95 

2.90 

2.85 

2.90 

3.60 


June. 

3.30 
3.20 
8.05 
2.95 
2.85 
2.80 
3.25 
3.80 
3.00 
2.90 
2.90 
2.90 
2.80 
2. 75 
2.80 
2.65 
2.65 
2.76 
2.70 
2.90 
2.90 
3.00 
2.80 
2.70 
2.70 
2.80 
2.90 
2.70 
8.20 
2.85 


July.     Aug. 


Sept. 


Oct, 


2.80 
2.76 
2.65 
2.60 
2.80 
2.60 
2.60 
2.50 
3.25 
2. 75 
2.65 
2.65 
2.85 
2.60 
2.50 
2.45 
2.70 
2.80 
2.50 
2.45 
2.50 
3.00 
2.80 
2.70 
2.60 
2.50 
2.65 
2.60 
2.55 
2.50 
2.45 


2.76 
2.80 
2.86 
2.75 
2.70 
2.95 
2.75 
3.10 
3.80 
3.20 
4.45 
3.70 
3.45 
3.10 
2.90 
2.85 
2.75 
2.70 
2.65 
2.60 
2.70 
2.a'> 
2.55 
2.90 
2.80 
8.00 
8.70 
3.50 
2.90 
2.65 
2.70 


I 


3.00 
3.10 
2.80 
3.00 
3.20 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.40 
2.40 
2.30 
2.30 
2.80 
2.30 
2.40 
2.40 
2.80 


2.20 
2.20 
2.20 
2.20 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.23 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 


Nov. 


Dec 


2.10 
2.80 
2.60 
2.60 
2.60 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.60 
2.60 
2.60 
2.30 
2.80 
2.30 
2.20 
2.20 
2.20 
2.40 
2.60 
2.50 
2.80 
2.30 
2.20 
2.20 
2.60 
2.80 
2.50 


2.90 
2.80 
2.60 
2.00 
•J.  10 

r.  0 

1.^0 

•;.:o 

:'.0 
y.70 

2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.55 
2.45 
2.36 
2.10 
2.36 
2.35 
2.50 
2.50 
2.95 
2.80 
2.70 
4.70 
3.70 
3.30 
3.10 


a  Chain  stolen. 
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Rating  tabUfcr  Little  Tennessee  River  at  Judson,  N.  C,  from  January  1  to  December  Si, 

1904^ 


Gage 
height 

Diachaxge. 

Gage 
height 

Difvharge. 

Gage 
height 

Discharge. 

Gage 
height 

Dlacbafg^e. 

FeeL 

Seeondr/eet. 

FeeL 

Seamd-fret. 

Jfeet. 

Second-/eel. 

Feet. 

Stamd-feeL 

2.2 

335 

3.4 

1,580 

4.6 

3,580 

6.6 

8,(W) 

2.3 

405 

3.5 

1,720 

4.7 

3,780    ; 

6.8 

8,540 

2.4 

485 

3.6 

1,860 

4.8 

3,980 

7.0 

9,(^ 

2.5 

575 

3.7 

2,000 

4.9 

4,180 

7.5 

10,460 

2.6 

675 

3.8 

2,140 

5.0 

4,380 

8.0 

12,200 

2.7 

775    , 

3.9 

2,300    ' 

5.2 

4,820 

8.5 

14,200 

2.8 

875 

4.0 

2,460 

5.4 

5,260    I 

9.0 

16,200 

2.9 

985 

4.1 

2,620 

5.6 

5,700 

9.5 

18,4.70 

3.0 

1,100 

4.2 

2,800 

5.8 

6,140 

10.0 

1 

20,700 

3.1 

1,220 

4.3 

2,980 

6.0 

6,580 

11.0 

25,500 

3.2 

1,340    ' 

1      4.4 

1 

3,180 

6.2 

7,070 

3.3 

1,460 

4.5 

3,380 

6.4 

7,560 

:i 


The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  uj-il 
37  discharge  measurements  made  during  1896  to  1904.  *It  is  well  defined  betwt^ 
gage  heights  2.2  and  5  feet.    The  table  has  been  extended  beyond  these  limii 
Above  gage  height  10  feet  the  rating  curve  is  a  tangent,  the  difference  being  480  {• 
tenth. 

Estimated  moniMy  discharge  of  LiiUe  Tennessee  River  at  Judson,  N.  C,  for  1S04. 

[Drainage  area,  675  square  milen.] 


Month. 


January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Dijwhaige  in  second-feet 


Maximtim. 

5,040 
5,216 
7,192 
2,460 
1,720 
1,460 
1,400 
3,280 
1,340 
405 
875 
3,780 


Minimum. 


Rtm-off. 


Mean. 


Second-feet 

per  square 

mile. 


I. 


477 
437 
1,077 
1,280 
930 
725 
530 
625 
405 
275 
275 
275 


984 

1,620 

2,617 

1,655 

1,268 

992 

724 

1,112 

642 

300 

472 

964 


1.46 
2.40 
3.88 
2.45 
1.88 
1.47 
1.07 
1.65 


Depth  'a 
inchf. 


l.rtS 

4.r 


•>   '- 

...   >  i 


l.W 
1.1>:^ 
l.i^f 


7,192 


275 


1,112 


.951 

l.l>i 

.444 

..^:: 

.699 

.T>» 

1.43 

l.t^> 

1.65 

22.41 
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TUCKASEGEE   HTVER  AT  BRYSON,  N.  C. 

Tuckasegee  River  rises  in  the  soutliwestern  part  of  North  Carolina, 
at  the  base  of  Tennessee  Ridge,  which  separates  Jackson  and  Tran- 
sylvania counties.  It  flows  in  a  northwesterly  direction,  emptying 
into  Little  Tennessee  River  at  Bushnell,  N.  C.  Measurements  of  dis- 
charge are  made  at  Bryson,  2  miles  below  the  mouth  of  Newton  Mill 
Creek.  The  drainage  area  is  largely  rough  and  mountainous  and  cov- 
ered with  forest  growth. 

This  station  was  originally  established  by  E.  W.  Myers,  June,  1896, 
at  the  Southern  Railroad  bridge,  about  3  miles  above  Bryson,  N.  C, 
just  below  Governor  Island  post-office.  This  station  was  abandoned 
March  26,  1897,  on  account  of  the  poor  section.  The  present  station 
was  established  November  7,  1897,  by  A.  P.  Davis,  at  the  highway 
bridge  in  the  town  of  Bryson,  N.  C,  2  miles  below  the  mouth  of  New- 
ton Mill  Creek.  The  gage  is  a  vertical  rod  bolted  to  the  north  pier 
on  the  right  bank  at  the  downstream  side  of  the  bridge.  It  is  read 
once  daily  by  J.  M.  Welch.  Discharge  measurements  are  made  from 
the  sidewalk  on  the  downstream  side  of  the  single- span  steel  highway 
bridge.  The  initial  point  for  gtoundings  is  the  end  of  the  hand  rail  at 
the  left  bank  on  the  downstream  side  of  the  bridge.  The  channel  is 
straight  for  about  600  feet  above  and  below  the  station.  The  water 
is  moderately  swift,  but  the  current  is  obstructed  by  the  remnants  of 
two  old  bridge  piers.  The  right  bank  is  low  at  the  bridge  and  over- 
flows to  a  slight  extent,  but  all  water  passes  beneath  the  bridge  and 
its  approach.  The  right  bank  is  high  and  rocky  and  does  not  over- 
flow. The  bed  is  of  gravel  and  sand  and  is  fairly  constant.  Bench 
mark  No.  1  is  a  copper  bolt  set  in  the  stone  sill  beneath  the  large  win- 
dow in  the  northwest  corner  of  D.  K.  Collins's  brick  store,  about  80 
feet  east  of  the  northeast  corner  of  the  county  court-house.  The 
window  is  on  the  side  of  the  store  nearest  the  court-house.  The  ele- 
vation  of  the  bench  mark  is  22.32  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  meaguremerUs  of  Tuckcuegee  River  at  Brysan,  N.  C,  in  1904^ 


[550.136. 


Date. 


February  18 


Hydro^ntpher. 


B.  S.  Drane. 


Width. 


February  20  ...| do 

February  23  . . 

March  19 

March  22 

May  26 

August  15  .... 

August  16 

September  30 . 

October  1 

October  12 

December  14.. 


M.  R.  Hall . 
B.  S.  Drane. 

do 

do 

do 

do 

do 

do 

do 

do 


189 
189 
189 
188 
190 
290 
187 
188 
182 
182 
182 
182 


Area  of 
section. 


Sq.feeL 
865 
937 
988 
949 

1, 079 
882 
821 
869 
701 
701 
730 
721 


Mean 
velocity. 


Ft.  per  «c. 

0.92 

1.32 

1.82 

1.35 

1.92 

1.07 

1.14 

1.47 

.65 

.60 

.75 

.70 


height. 


chaift 


I 


FbeL 
1.31 
1.82  ' 
2.04 
1.74 
2.29  ' 
1.41  ' 
1.41 
1.65  • 
1.00  : 
.98  j 
1.11  ■ 

1.05  ! 

1 


::^ 

1,2^ 

1,NA1 
1,L*<I 
2,Cl^ 

i,r4 

4.V. 

42:' 

.ve 


Mean  daily  gage  height^  infeety  of  Tuckaaegee  River  al  Bryson,  N.  C,  for  1904 

Apr.     May.    Jqne.    July.    Aug.     Sept. 


Day. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1.10 
1.20 
1.10 
1.00 
.90 
1.10 
1.10 
1.05 
1.00 
1.10 
1.26 
1.10 
1.26 
1.10 
1.10 
1.60 
1.60 
1.30 
1.20 
1.20 
1.20 
6.40 
1.90 
1.60 
1.60 
1.50 
1.35 
1.40 
1.40 
1.20 
1.20 


1.20 
1.10 
1.25 
1.10 
1.16 
1.20 
1.90 
2.00 
1.60 
1.50 
1.50 
1.40 
1.80 
1.40 
1.40 
1.30 
1.25 
1.30 
1.70 
1.60 
2.00 
2.80 
2.00 
1.80 
1.70 
1.60 
2.00 
1.70 
1.70 


1.85 
1.70 
1.70 
1.65 
1.50 
1.50 
4.80 
2.65 
2.30 
2.06 
2.10 
1.90 
1.80 
1.40 
2.00 
1.85 
1.80 
1.85 
1.70 
1.70 
2.10 
2.10 
3.70 
8.10 
2.70 
2.70 
•2.60 
2.30 
2.15 
2.10 
2.00 


1.90 
1.80 
1.76 
1.70 
1.70 
1.80 
2.60 
2.40 
2.10 
1.95 
1.86 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.70 
1.70 
1.60 
1.65 
1.50 
1.50 
2.30 
1.80 
1.70 
1.70 
1.70 


1.60 
1.60 
1.60 
1.65 
1.50 
1.50 
1.50 
3.90 
2.60 
2.10 
1.90 
1.80 
1.80 
1.80 
1.70 
1.60 
1.60 
1.56 
1.65 
1.50 
1.60 
1.46 
1.40 
1.40 
1.40 
1.35 
1.35 
1.30 
1.40 
1.60 
2.00 


June. 

July. 

1.70 

1.45 

1.70 

1.35 

1.60 

1.25 

1.60 

1.40 

1.40 

1.30 

1.40 

1.25 

2.00 

1.20 

1.70 

1.20 

1.60 

1.60 

1.46 

1.50 

1.40 

1.36 

1.30 

1.30 

1.30 

1.80 

1.30 

1.30 

1.56 

1.30 

1.50 

1.30 

1.26 

1.25. 

1.40 

1.30 

1.40 

1.95 

1.50 


1.36 
1.85 
1.30 
1.20 
1.25 
1.15 
1.30 
1.25 
1.20 

i.io 

1.20 
1.30 
1.40 
1.40 
1.40 
1.40 
1.30 
1.20 
1.80 
1.20 
1.20 
1.20 


1.40 

1.40 

1.30 

1.30 

1.40 

1.40 

1.80 

1.40 

1.40 

2.00 

2.00 

1.70 

1.50 

1.40 

1.40 

1.60 

1.80 

1.80 

1.26 

1.80 

1.20 

1.20 

1.30 

1.70 

1.50 

1.50 

1.60 

1.40 

l.SO 

1.25 

1.25 


1.30 
1.60 
1.30 
1.40 
1.50 
1.30 
1.20 
1.20 
1.20 
1.20 
1.2S 
1.16 
1.16 
1.10 
1.10 
1.05 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
.95 
1.00 
1.00 
1.00 


Oct.      Nov 


I 


1.00 
1.00 
.95 
.96 
.96 
.95 
.95 
.95 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.86 
.90 
.85 
.85 
.85 
.90 
.90 
.90 
.86 
.86 
.85 
.85 


f 


0.95 

1.00 

1.10 

L15 

1.06 

.90 

.90 

.90 

.90 

.90 

.90 

1.25 

LIO 

1.00 

.95 

.95 

.90 

.9b 

.90 

.90 

1.10 

1.15 

1.00 

1.00 

.90 

.90 

.90 

.90 

1.60 


D»rr 


1.1 
1.* 
1  a 
1  1 
I'' 

1 : 

1-4. 
I.jL 

\.r 

1  * 
1  \^ 

1 '.» 


l.u> 


1  :v 


1  io 


1  \« 
1  :» 
I  * 

.  :c> 
1  X 

1  (•> 

1  a> 
1  *:' 

i.ap 

<»  •« 

■»  ■  t 
fc.  ■*- 

1..M 
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Rating  table  far  Tuckasegee  River  at  Bryson,  N,  C,  from  January  X  to  December  Sl^  1904' 


Gage 
height. 

1 
Discharge. 

1 

Gage 
height. 

1 

Discharge. 

1 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

DischaiKC. 
Second-feet. 

FeeL 

Second-feet,  I 

Feel, 

Secondr/eet. 

Feet. 

Second-feet, 

Feet. 

0.9 

380     ! 

1.9 

1,510 

2.9 

3,250 

3.9 

5,540 

1.0 

4«0 

2.0 

1,660 

3.0 

3,460 

4.0 

5,800 

1.1 

550 

2.1 

1,810 

3.1 

3,670 

4.2 

1 

6,350 

1.2 

650 

2.2 

1,970 

3.2 

3,890 

4.4 

6,920 

1.3 

750 

2.3 

2,130 

3.3 

4,110 

4.6 

7,530 

1.4 

860 

1      2.4 

2,300 

3.4 

1 

4,330 

4.8 

8,160 

1.5 

980 

2.5 

2,480 

,      3.5 

4,560 

5.0 

8,800 

1.6 

1,100    ' 

2.6 

2,660 

1       3.6 

4,800 

5.2 

9,475 

1.7 

1,230    ' 

2.7 

2,850 

3.7 

5,040 

5.4 

10,250 

1.8 

1,370    , 

i 

2.8 

1 

3,050 

3.8 

5,290 

1 

1 
1 

« 

The  above  table  is  applicable  only  for  open-channel  conditions.     It  is  based  prin- 
cipally upon  discharge  measurements  made  during  1904.     It  is  well  defined. 

Estimated  montfUy  discharge  of  Tuckasegee  River  at  Bryson,  N.  C,  for  1904- 

[Drainage  area,  662  square  miles.] 


Month. 


January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


10,250 

3,050 

8,160 

2,660 

5,540 

1,660 

1,100 

1,660 

980 

460 

980 

3,050 


10,250 


Minimum. 


380 
550 
860 
980 
750 
700 
550 
650 
420 
340 
340 
420 


340 


Mean. 


1,026 

1,103 

2,061 

1,378 

1,286 

942 

743 

921 

586 

383 

457 

805 


974 


Run-off. 


Second-feet 

per  square 

mile. 


1.55 
1.67 
3.11 
2.08 
1.94 
1.42 
1.12 
1.39 
.885 
.579 
.690 
1.22 


1.47 


Depth  in 
inches. 


1.79 
1.80 
3.58 
2.32 
2.24 
1.58 
1.29 
1.60 
.986 
.668 
.770 
1.41 


20.03 


HIWA8SEE   RIVER  AT  MURPHY,    N.    C. 

The  station  was  established  July  26,  1896,  by  E.  W.  Myers.  It  is 
locatedat  the  highway  bridge,  about  80  feet  above  the  Atlanta,  Knox- 
ville  and  Northern  Sailroad  bridge  and  one-half  mile  above  the  mouth 
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of  Valley  River.  The  standard  chain  gage,  with  24:-inch  box,  t 
clamped  to  the  top  of  the  downstream  end  of  the  first  iron  floorbetm 
from  the  right  bank  in  the  space  between  the  bridge  floor  and  the 
lower  chords.  The  length  of  the  chain  from  the  bottom  of  the  weight 
to  the  index  is  27.05  feet.  The  gage  is  read  once  each  day  by  William 
Mingus.  Discharge  measurements  are  made  from  the  sidewalk  on  the 
upstream  side  of  the  single-span  highway  bridge.  The  bridge  is  1% 
feet  long,  supported  by  stone  abutments.  The  initial  point  for 
soundings  is  the  end  of  the  iron  hand  rail  on  the  right  bank,  upstream 
side  of  the  bridge.  The  channel  is  straight  for  about  500  feet  above 
and  below  the  station.  The  right  bank  is  high  and  rocky  and  will  not 
overflow.  The  left  bank  will  overflow  for  a  short  distance  around  the 
abutment.  The  bed  of  the  stream  is  rocky  and  rough  and  makes 
soundings  uncertain.     The  bed  is  permanent  and  the  flow  is  rapid. 

Bench  mark  No.'  1  is  the  downstream  side  of  the  top  of  the  stone 
pier  at  the  right  bank,  22.55  feet  above  gage  datum.  Benchmark 
No.  2  is  the  top  of  the  downstream  end  of  the  first  iron  floorbeam 
from  the  right  end  of  the  bridge;  its  elevation  is  25.05  feet  above 
gage  datum.  Bench  mark  No.  3  is  a  cut  with  large  nail  on  a  largte 
white-oak  tree  in  the  grounds  of  the  Atlanta,  Knoxville  and  Northern 
Kailroad  station,  on  the  left  side  of  the  street  leading  from  the  high 
way  bridge  to  the  town  and  326  feet  from  the  end  of  the  bridge.  It- 
elevation  is  31.57  feet  above  gage  datum.  Bench  mark  No.  4  is  a  coy»- 
per  plug  set  in  the  solid  rock  on  the  right  side  of  the  river,  100  fwi 
from  the  water's  edge,  10  feet  uphill  from  the  foot  of  the  hill  and  5**'' 
feet  up  the  river  from  the  bridge.  Its  elevation  is  21.31  feet  above 
gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  mectsurements  of  Hiwassee  River  at  Murphy f  N.  C,  m  J904. 


Date. 


Hydrographer. 


Width. 


M.  R.  Hall 
....do  .... 
O.  P.  Hall . 
....do  .... 


February  22  . . 
Febniary  24  . . 

March  1 

March  2 

May  12 ] do 

June  29 , do 

August  29 1 do 

October  6 do 


Area  of 
section. 


December  15.. 


M.  R.  Hall 


Feet. 

Sq./eet, 

172 

562 

168 

441 

168 

392 

168 

386 

168 

403 

167 

366 

164 

318 

156 

259 

162 

266 

Mean 
velocity. 


Gafe 

height. 


chai^rt:. 


Ft  per  Bee. 
3.55 

2.58 

1.69 

1.67 

1.87 

1.75 

1.08 

,71 

1.08 


FetL 

SefOf^  t 

6.63 

1.***^ 

6.00 

1,1> 

5.54 

rihl 

5.54 

t>« 

5.66 

7^ 

5.53 

^4- 

5.10 

:^ 

4.80 

!>:: 

5.02 

is: 
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Mean  daily  gage  heigJUy  infeet^  of  Htwassee  River  at  Murphy,  N.  C,  for  1904. 


Day. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 


Jan. 


4.90 
4.90 
5.a5 
4.95 
4.90 
4.85 
5.00 
4.85 
4.90 
4.90 
4.95 
5.05 
5.05 
5.10 
5.00 
5.00 
5.70 
5.85 
5.20 
5.15 
5.10 
5.20 
6.30 
5.70 
5.45 
5.36 
5.25 
5.20 
5.20 
5.05 
5.20 


Feb. 


Mar. 


5.15 
5.10 
5.25 
5.10 
5.10 
5.10 
5.15 
6.00 
5.50 
5.45 
5.40 
5.35 
5.25 
5.20 
5.60 
5.40 
5.30 
5.25 
5.25 
6.05 
5.70 
6.55 
6.40 
6.00 
5.75 
5.60 
5.60 
5.50 
5.45 


5.50 
5.50 
5.55 
5.55 
5.45 
5.40 
7.80 
6.60 
6.15 
5.90 
6.00 
5.75 
5.70 
6.25 
6.00 
5.75 
5.70 
5.65 
5.60 
5.50 
5.50 
6.50 
7.40 
7.35 
6.50 
6.85 
6.35 
6.10 
6.00 
5.90 
5.80 


Apr. 

5.75 
5.70 
5.60 
5.55 
5.66 
5.50 
5.95 
6.50 
5.96 
6.05 
5.95 
5.80 
5.70 
5.65 
5.60 
5.65 
5.55 
5.55 
5.50 
5.45 
6.60 
5.45 
5.40 
5.40 
5.40 
5.40 
5.75 
5.60 
5.55 
5.50 


May. 

5.45 
5.40 
5.45 
5.45 
5.50 
5.45 
5.40 
5.55 
5.55 
6.05 
5.80 
5.70 
5.60 
5.55 
5.55 
5.45 
5.45 
5.45 
5.40 
5.35 
5.85 
5.30 
5.30 
5.30 
5.25 
5.25 
6.25 
5.20 
5.20 
5.20 
6.10 


June. 

July. 
5.25 

Aug. 

Sept. 
5.20 

.Oct. 

Nov. 

5.50 

5.50 

4.80 

4.75 

5.35 

5.10 

5.20 

5.10 

4.80 

4.75 

5.30 

5.10 

5.05 

-6.05 

4.80 

4.80 

5.25 

5,05 

5.05 

5.30 

4.80 

6.00 

5.20 

5.45 

5.05 

5.65 

4.80 

4.96 

5.16 

5.10 

6.65 

6.15 

4.80 

4.90 

6.85 

5.10 

6.15 

6.10 

4.80 

4.80 

5.65 

5.05 

5.85 

5.06 

4.80 

4.80 

6.35 

6.15 

5.45 

6.00 

4.75 

4.80 

5.25 

5.25 

6.25 

5.00 

4.75 

4.80 

5.25 

5.10 

5.65 

5.00 

4.76 

4.80 

5.36 

5.10 

5.45 

4.95 

4.76 

4.80 

5.20 

5.25 

5.50 

4.96 

4.75 

6.00 

5.15 

5.10 

5.25 

4.95 

4.75 

5.00 

5.15 

5.00 

7.25 

4.95 

4.75 

6.00 

6.10 

5.00 

5.45 

4.90 

4.75 

4.90 

5.10 

5.85 

5.25 

4.90 

4.75 

4.80 

5.10 

6.85 

6.15 

4.90 

4.75 

4.80 

5.10 

5.00 

5.10 

4.85 

4.75 

4.85 

5.65 

4.95 

5.46 

4.85 

4.75 

4.86 

5.30 

4.95 

6.20 

4.96 

4.75 

4.80 

5.20 

5.20 

6.10 

4.90 

4.75 

4.90 

5.15 

5.05 

5.10 

4.90 

4.70 

4.90 

5.10 

5.05 

5.50 

4.85 

4.75 

4.96 

5.05 

6.16 

6.35 

4.85 

4.76 

4.86 

5.25 

5.00 

6.10 

4.85 

4.75 

4.85 

5.60 

4.95 

5.60 

4.85 

4.75 

4.85 

5.10 

4.95 

5.30 

4.85 

4.80 

4.80 

5.86 

5.05 

6.15 

4.85 

4.80 

4.80 

5.80 

5.20 

6.10 

4.85 

4.80 

6.25 

4.95 

6.10 

4.75 

Dec. 

6.15 
5.00 
5.55 
5.15 
6.15 
5.96 
5.40 
5.16 
6.10 
5.15 
6.15 
6.00 
6.05 
5.06 
6.00 
5.00 
5.06 
5.05 
6.06 
6.00 
4.96 
4.95 
4.96 
5.00 
6.25 
6.16 
5.10 
6.45 
5.66 
5.40 
5.30 


Bating  table  for  Iluvassee  River  at  Murphy  j  N.  C,  from  January  1  to  December  SI,  1904, 


Gage 
height. 

Diachazge. 

height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet, 

Second-Jeet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feeL 

4.8 

190 

5.6 

710 

6.4 

1,690 

7.2 

3,130 

4.9 

235 

5.7 

800 

6.5 

1,850 

7.3 

3,330 

5.0 

285 

5.8 

900 

6.6 

2,020 

7.4 

.3,540 

5.1 

340 

5.9 

1,010 

6.7 

2,190 

7.5 

.  3, 750 

5.2 

400 

6.0 

1,130 

6.8 

2,370 

7.6 

3,960 

5.3 

470 

6.1 

1,260 

6.9 

2,550 

7.7 

4,180 

5.4 

540 

6.2 

1,400 

7.0 

2,740 

7.8 

4,400 

5.5 

620 

6.3 

1,540 

7.1 

2,930 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
59  discharge  measurements  made  during  1900  to  190*4,  inclusive.  It  is  well  defined 
between  gage  heights  4.8  feet  and  6.8  feet.  The  table  has  been  extended  above 
gage  height  6.8  feet.  Above  gage  height  7.6  feet  the  rating  curve  is  a  tangent,  the 
difference  being  220  per  tenth. 
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[S<Il1& 


EstimcUed  monthly  discharge  of  HivxLSsee  River  at  Murphy ^  N.  C,  for  1904. 

[Drainajfe  area,  410  square  miles.] 


Month. 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


Dlschargre  in  second-feet. 


Maximum. 


The  year 


1,540 

1,936 

4,400 

1,860 

1,260 

2,460 

1,330 

3,230 

665 

190 

436 

1,770 


Minimum. 


Mean. 


212 
340 
540 
540 
400 
312 
260 
312 
212 
150 
170 
260 


401 
671 
1,303 
777 
605 
532 
380 
573 
282 
176 
224 
438 


Run-o>ff. 


Second-feel 

persauare 

mile. 


0.978 

1.64 

3.17 

1.90 

1.48 

1.30 

.927 
1.40 
.688 
.429 
.546 
1.07 


630 


1.29 


ineb^. 


\A% 
1.77 

2. 12 

1.7: 

1.4o 

i.ir 

1.61 

1.2^ 
17.tiu» 


HIWASSEE   RIVER  AT   RELIANCE,  TENN. 

This  station  was  established  August  17,  1900,  by  O.  P.  Hall,  It  i^ 
located  at  the  Atlanta,  Knoxvnlle  and  Northern  Railroad  bridge^  near 
the  ferry  landing.  The  gage  consists  of  a  vertical  rod,  reading  from 
zero  to  10  feet,  fastened  to  an  oak  tree  on  the  right  bank,  150  feet 
above  the  railroad  bridge  and  40  feet  below  the  ferry  landing,  and  si 
5-foot  section,  reading  from  10  to  15  feet,  attached  to  a  sycamore  tivt? 
on  the  downstream  side  of  the  road  leading  to  the  ferry,  about  -4«.!»' 
feet  from  the  river.  The  gage  is  read  once  each  day  by  C.  V.  Higdon. 
Discharge  measurements  are  made  from  the  railroad  bridge  and  from 
the  wooden  trestles  on  both  banks.  The  railroad  track  is  about  ?A 
feet  above  low  water.  The  initial  point  for  soundings  is  the  center  of 
the  heavy  bolt  or  bridge  pin,  about  1  foot  from  the  end  of  the  bridjn" 
on  the  right  bank,  downstream  side.  This  point  is  also  at  the  center 
of  the  pier  on  the  right  bank.  Above  the  station  the  channel  iiiake> 
a  sharp  bend  to  the  east  for  a  distance  of  800  feet.  Below  the  station 
the  channel  makes  a  sharp  bend  to  the  west  for  about  1,000  feet.  At 
ordinary  stages  the  river  is  about  350  feet  wide  at  this  point,  and  the 
section  is  a  fairly  good  one.  The  water  is  held  back  bj^  a  ledge  of 
rock  below  and  is  rather  sluggish  at  low  stages.  Discharge  measure- 
ments at  low  stages  can  be  made  at  a  ferry  near  Wetmore,  6  mile> 
below.  Both  banks  overflow,  but  all  water  passes  beneath  the  bridge 
and  its  approaches. 
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Bench  mark  No.  1  is  a  cut  in  a  hickory  tree  on  the  right  bank  of  the 
river,  about  75  feet  upstream  from  the  bridge.  Its  elevation  is  5.82 
feet  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  top  of  the 
downstream  iron  girder  under  the  cross-ties  at  a  point  about  40  feet 
from  the  end  of  the  bridge  on  the  right  bank.  Its  elevation  is  23.90 
feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  the  top  of  the 
capstone  of  the  right-bank  pier  on  the  upstream  side  of  the  bridge. 
Its  (elevation  is  19.26  feet  above  the  zero  of  the  gage.  Bench  mark 
No.  4  is  a  copper  plug  set  in  a  stone  post  flush  with  the  surface  of  the 
ground  at  the  south  end  of  C.  V-  Higdon's  house,  under  the  south 
window.  This  house  stands  on  the  right  bank,  about  50  feet  up  from 
the  foot  of  the  hill,  600  feet  north  of  the  right-bank  end  of  the  bridge 
and  opposite  a  point  on  the  river  about  300  feet  above  the  bridge.  Its 
elevation  is  27.16  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Hitoassee  River  at  Reliance^  Tenn.,  in  1904' 


Date. 


February  24  . . 
February  25 . . 
February  25 . . 

May  16 

August  25 

August  26 

October  10 


Hydrographer. 


O.  P.  Hall . 

do  .... 

M.  R.  Hall 
0.  P.  Hall . 

do.... 

do 

do  .... 


width. 


Feel. 
332 
331 
304 
308 
302 
302 
299 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Sq.  feet. 

Ft.  per  8CC. 

Feet. 

2,197 

1.45 

2.32 

2,145 

1.23 

2.10 

2,017 

1.36 

2.10 

1,968 

.82 

1.64 

1,855 

.55 

1.30 

1,864 

.53 

1.28 

1,656 

.25 

.75 

Difi- 


Second-fL 
3,177 
2,632 
2,736 
1,607 
1,012 
994 
418 
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[so.  :>. 


Mean  daily  gage  heighif  in  feet,  of  Hiivagsee  River  at  Reliance,  Tenn, ,  for  1904. 


i 

i 

* 
i 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May.    June. 

J 

uly. 

Aug. 

Sept. 

1.10 
1.20 
1.05 

Oct. 

Not.  '  De.\ 

1 

1.00 
1.00 
1.10 

1.30 
1.40 
1.40 

1.80 
1.80 
1.70 

2.40 
2.00 
1.90 

1.65  1    1.90 

1  50 

1.10 
1.60 
1.26 

0.80 
.75 

.80 

a  75     :  i* 

2 

1.60 
1.60 

1.60 
1.45 

1.25 
1.15 

.75       1..* 

S 

1      .75      1««? 

4 '    1.30 

1.30 

1.70 

1.85 

1.30      1.45 

1.10 

1.60 

1.00 

.m 

.85       1  <■ 

6 1.40 

1.30 

1.70 

1.80 

1.20 

1.40 

1.10  j    1.15 

1.45 

.80 

1.00      l.:\ 

1 

5 

1.30  .     1-20 

1.60 
2.20 
8.20 

1.80 
2.00 
2.10 

1.60 
1.55 
1.30 

1.25 

\.hR       2..'i0  '     1.40 

.78 
.75 
.72 

1.00       It 

1 

1.40 

1.20 
2.10 

1.30  1     1.20       1.60  '.     1.15 

.90       L7- 

5 

1.10 

1.85 

1.15  ,    1.65  ■    1.05 

.85       It 

9 '    1.10 

2.00 

2.50 

2.80 

3.20 

1.56 

1.10 

1.45 

1.00 

.75 

.85      1% 

10 1.00 

1.70 

2.10 

2.30 

2.30 

1.40 

1.40 

1.50 

.90 

.7b 

.80      l.-t 

11 1.10 

1.60 

2.10 

2.30 

2.05 

1.25 

1.20  '    1.60 

1.00          .75 

.80"    1.5 

12 ...|    1.20 

1.60 

2.10 

2.00 

1.90 

1.30 

1.40  i     1.60 

.95         .75 

.80     1  a- 

13 1.30 

1.50 

1.90 

2.00 

1.80 

1.35 

1.50  !    1.46 

.96 

.75 

.»       Ll3 

14 1.30 

1.40 

2.20 

1.85 

1.75 

1.20 

1.30       1.45 

.92  '       .72 

1.00       1.1 

r 

) 

1.30 

1.50 
1.60 
1.50 

2.50 
2.20 
2.00 

1.80 
1.85 
1.75 

1.75 
1.65 
1.60 

1.20 
1.15 
1.15 

1.10 

.90 

1.10 

1.40 
2.10 
1.50 

.90 
.90 
.85 

.72 
.72 
.72 

1.05     i.:* 

• 

>..., 

1.20 
1.60 

.90  ;    L'j'. 

1 

.85  '     I.L 

18 1.80 

1.50 

1.90 

1.76 

1.60 

1.15 

1.12 

1.35 

.85 

.Tl 

.85     1  r- 

19 '    1.50 

1.60 

1.85 

1.70 

1.55 

1.15 

1.20      1.35  I 

.80         .70 

.85       I.IJ 

2( 
21 
2. 
2J 

1.40 
1.30 
1.70 
3.60 

2.30 
2.00 

1.80 
1.80 

1.65 
1.70 

1.50 
1   .SO 

1.15 
1.50 

.90 

04 

1.35 
1.40 

.80 

.90 

.70 
.70 
.70 
.70 

.85       11' 

.  85  1.    1  u 

2.70  '    3.10 
3.10       4.30 

1.70  !    1.45 
1.60       1.40 

1.40       1.40 
1.40  ,    1.50 

1.25         .96 
1.25        .&5 

.96       1  *■ 

1.00       1  « 

2*1 
21 

2.30       2-.'i0  1    4.») 

1.60       1.40 
1.60       1.40 

1.20  '    1.20 

1   10  •       .90 

.70 
.70 

1.20       l.'» 

1.90 

2.10  '    8.80 

1.15       1.18  1     1.35 

.80 

1.00       \.i 

21 

2> 
2< 

1.60 
1.50 
1.40 
1.40 

1.90  '    2.80 
1.80       2-«0 

1.70       1-35 

1.20       1.22  '     1.30 
1     1.30  ■    1.15  i     1-10 

.80 
.80 
.80 
.85 

.70 
.75 
.75 
.75 

.90       1.* 

2.20 
i.85 

1.35 
1.3» 

90       I  * 

1.80 

2.6fl 

1 
1.50       1-10 

1.60 
1.30 

85       li 

1.80       2.40 

1.80       1.30 

1.60 

1.40 

.85       i^' 

3( 
31 

1.40 
1.30 

2.20 

1.75  ,    1.30 
1.60 

1.70 

1.15 
1.15 

1.20 
1.10   . 

.86 

.75 
.80 

i.ao !    i.Tp 

1    1  .* 

2.40 



'•*"  1 1 

.... — ]    i.  •- 

Rating  table  for  Iliu 

Hxssee  i 

River  c 

it  Reliance,  Tenn.,from  January  1  to  Decemh 

«r  31,  J^M. 

Gajre 
height. 

Dischai:gc 

1 

G 
he 

rage     1 
ight, 

1 

DlBchi 
Second 

1 

irge. 

Gage 
height. 

Discharge. 

,     Gage 
height. 

Dischajge. 

Feet. 

Second-feet. 

Feet. 

'feet. 

Feet. 

Second-feet. 

Feet.         Second-ftti. 

0.7 

380 

1.7 

1,725 

2.7 

4,410 

3.7 

8,080 

.8 

460 

1.8 

1,940 

2.8 

4,745 

3.8 

8, 475 

.9 

550 

1.9 

2,165 

2.9 

5,090 

3.9 

8,875 

1.0 

655     , 

2.0 

2,400 

3.0 

5,445 

1       4.0 

9,2S0 

■ 

1.1 

770 

2.1 

2,650 

3.1 

5,805 

4.1 

9,ftS5 

1.2 

895 

2.2     ' 

2,915 

3.2 

6,170 

4.2 

10,090 

1.3 

1,030 

2.3 

3,190 

3.3 

6,540 

4.3 

10,500 

1.4 

1,180    ! 

2.4 

3, 480     i 

3.4 

6,915 

1.5 

1,345 

2.5 

3,780 

3.5 

7,300 

1.6 

1,525 

2.6 

4,0 

m 

3.6 

7,690 

The  above  table  is  applicable  only  for 
7  d isobar^  measurements  made  during 
is  well  defined  between  gage  heights  0.7 


open-channel  conditions.  It  is  biif«d  u\"ii 
1904  and  1  measurement  made  in  1901.  Ii 
foot  and  2.3  feet. 
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EstimcUed  morUhly  discharge  of  Hitvassee  River  at  Reliance^  Teim.,  for  1904- 

[Dr&Inage  area,  1,180  square  miles.] 


Month. 


Discharge  in  second-feet. 


Rim-ofT. 


Maximum. 


Minimum. 


January 

February 

March , 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


7,690 

5,805 

10,500 

4,  745 

6,170 

2,165 

1,435 

3,780 

1,263 

460 

895 

4,090 


10,500 


655 
895 
1,525 
1,525 
895 
833 
550 
770 
460 
380 
420 
655 


Mean. 


380 


1,402 

1,962 

3,563 

2,217 

l,a35 

1,169 

930 

1,280 

625 

412 

562 

1,281 


1,420 


Second-feet 

per  square 

mile. 


1.19 
1.66 
3.02 
1.88 
1.39 
.991 
.788 
1.08 
.530 
.349 
.476 
1.09 

1.20 


Depth  in 
inches. 


1.37 
1.79 
3.48 
2.10 
1.60 
1.11 
.908 
1.24 
.591 
.402 
.531 
1.26 


16. 38 


VALLEY    RIVER  AT   TOMOTLA,    N.    C. 

This  station  was  established  June  29,  1904,  by  M.  R.  Hall.  It  is 
located  at  a  footbridge  about  250  feet  below  a  public  road  ford  and 
200  yards  from  Tomotla,  N.  C,  and  5  miles  above  Murphy,  N.  C. 
The  gage  is  a  vertical  timber  10  feet  long,  graduated  to  feet  and  • 
tenths,  fastened  to  a  pine  timber  which  is  spiked  to  the  upstream  side 
of  a  maple  tree  on  the  right  bank  about  50  feet  below  the  ford.  It  is 
read  once  each  day  by  J.  T.  Hayes.  Discharge  measurements  are 
made  from  the  single-span  footbridge,  the  floor  of  which  is  10  to  15 
feet  above  low  water.  The  initial  point  for  soundings  is  the  upstream  * 
edge  of  abutment  next  to  the  water  on  the  right  bank.  The  channel 
is  straight  for  about  500  feet  above  and  for  1,000  feet  below  the  station. 
The  current  is  moderately  swift.  Both  banks  are  high  and  rocky,  and 
are  not  liable  to  overflow.  The  bed  of  the  stream  is  composed  of 
rock,  but  there  is  a  fairly  smooth  and  permanent  section.  There  is 
but  one  channel  at  all  stages.  Bench  mark  No.  J.  is  a  cross  on  the 
head  of  a  large  spike  driven  into  the  downstream  side  of  an  elm  tree 
about  10  feet  upstream  from  gage.  Its  elevation  is  8.50  feet  above 
the  zero  of  the  gage.  Bench  mark  No.  2  is  a  cross  on  a  point  of  rock 
at  a  spring  on  right  bank  about  50  feet  above  the  foot  bridge.  Its 
elevation  is  3  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  measurements  of  Valley  Hirer  at  Tomotla,  N.  C,  in  1904- 


Date. 


Hydrogiapber. 


Width. 


May  13... 
June  29  . . 
August  29 
October  6. 


0.  P.  Hall 

do... 

do... 

....do... 


ftet. 
58 
57 
55 
55 


Area  of 
section. 


Mean 
velocity. 


Sq.ftxi. 

145 

117 

106 

88 


Ft  per  tec. 

1.42 

.71 

.70 

.36 


Gare      I      Pe- 
hei^t.   i  cfaarffr. 


FeeL 
1.76 

1.17  j 
1.12 
.80 


Mean  daily  gage  height,  in  feet ,  of  Valley  River  at  Tomotla,  N.  C,  for  1904* 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept. 

0.95 
.95 
.95 
.95 
.95 
.90 
.90 
.90 
.90 
.90 
.90 

.90 
.90 

Oct. 

Not. 

Dec 

1 

1.10 
1.00 
.95 
1.00 
1.20 
1.00 
1.00 
1.00 
1.80 
1.10 
1.00 
1.20 
1.00 
1.00 
.95 
.95 

1.30 
1.10 
1.10 
1.10 
1.10 
1.40 
1.10 
1.40 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
4.00 
2.00 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
.95 
.95 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.86 
.85 
.80 
.80 
.80 
.80 

0.70 

.70 

.90 

.90 

1.00 

1.00 

.90 

.90 

.90 

.90 

.90 

1.00 

1.00 

1.00 

.90 

.90 

1.70 
1.70 
2.40 
1.60 
2.10 
2.00 
1.80 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.30 
1.20 

17 

18 

19 

20 

21 

22 

23 

24 

25 

•26 

27 

28 

29 

30 

31 

..    1.00 
..    1.00 
..     .95 
..     .95 
.     1.00 
..'  1.40 
-.;  1.10 
..    1.10 
..    1.10 
..    1.10 
..\  1.00 
..    1.20 
..;  1.00 
..    1.00 
..    1.00 

1 
1 

1.40 
1.30 
1.20 
1.20 
1.20 
1.20 
2.00 
1.40 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.10 

a8o 

.80 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.70 
.70 
.70 
.70 

0.90 
.90 
.90 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.90 

l-ST" 

2 

'    13 

3 

1 

:    Li 

4 

1    *-.»■ 

■  i.i 

5 

Li. 

6 

La: 

7 

Li 

8 

I  9 

9 

1  •»- 

10 

1  "f 

11 

■*  » 

12 

2.^ 

13 

l.» 

14 

l.«l 

15 

16 

LI' 

Rating  table  for  Valley  River  at  Tomotlay  N.  C,  from  July  1  to  December  SI,  1904, 


Gage 
height. 


Discharge. 


Second-feet. 
22 
32 
44 
57 
72 


DiHcharge. 


Second-feet. 
88 
106 
126 
147 
169 


Gage 
height. 


Feet. 
1.7 
1.8 
1.9 
2.0 
2.1 


Discharge. 


Second-fret. 
192 
217 
243 
270 
298 


Gage 
height. 


Fret. 
2.2 
2.3 
2.4 
2.5 
2.6 


I 


Dii9Cbaige. 

Sec(md-ffri 
327 
357 
388 
420 
452 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
four  dischai^e  measurements  made  during  1904.  It  is  fairly  well  defined  between 
gage  heights  0.70  feet  and  1.75  feet  The  table  has  been  extended  above  gage  height 
1.75  feet  to  2.60  feet. 
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Estimated  monthly  discharge  of  Valley  River  at  Tomotla,  N.  C,  for  1904^ 


Month. 


July 

August  - . . 
September 
October  .. 
November 
December 


Disch&rge  in  second-feet 


Maximum. 


126 

1,000 

72 

44 

357 

452 


Minimum. 


50 
72 
44 
22 
22 
88 


Mean. 


65.6 
13.3 
55.2 
32.9 
59.5 
18.1 


NOTTELY   RIVER  NEAR  RANGER,  N.  C. 

This  station  was  established  February  16,  1901,  by  O.  P.  Hall.  It 
is  located  at  the  wooden  wagon  bridge  one-half  mile  from  the  railroad 
station  at  Ranger.  N.  C,  and  one-fourth  mile  below  the  Atlanta, 
Knoxville  and  Northern  Railroad  bridge.  The  vertical  gage  is  a 
1-inch  by  3-inch  pine  board  in  two  sections,  each  8  feet  long,  fastened 
to  the  left-hand  side  of  the  first  wooden  pier  from  the  right  bank. 
The  gage  is  read  once  each  day  by  A.  D.  Kilpatrick.  Discharge 
measurements  are  made  from  the  wagon  bridge,  a  wooden  structure  of 
three  spans  supported  by  two  wooden  piers  and  two  stone  abutments; 
the  center  span  is  55  feet  long  and  the  end  spans  are  each  36  feet 
long.  The  floor  of  the  bridge  is  about  20  feet  above  low  water.  The 
initial  point  for  soundings  is  the  inside  face  of  the  stone  abutment  on 
the  right  bank.  The  bridge  is  at  a  flat  bend  in  the  river,  the  channel 
curving  slightly  above  and  below  the  station  for  600  feet.  The  right 
bank  is  high,  rocky,  and  is  somewhat  wooded,  and  will  overflow 
around  the  end  of  the  bridge  for  about  50  feet  only.  The  left  bank 
is  low  and  will  overflow  for  a  distance  of  700  feet  at  a  gage  height  of 
from  15  to  18  feet.  The  bed  of  the  stream  is  of  gravel  and  sand  and 
probably  shifts  considerably.  The  current  is  somewhat  broken  and 
irregular,  caused  mostly  by  the  piers.  There  is  a  moderate  velocity 
and  a  depth  of  from  2  to  5  feet  at  low  stages. 

Bench  mark  No.  1  consists  of  the  heads  of  large  wire  nails  driven 
in  the  top  of  the  downstream  end  of  the  wooden  cap  on  the  left  bent 
of  the  wooden  pier  nearest  the  right  bank  of  the  river.  Its  elevation 
is  20.05  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  cut  on 
a  maple  tree  18  inches  in  diameter,  25  feet  from  the  upstream  side  of 
the  bridge  on  the  right  bank,  25  feet  from  the  edge  of  the  water.  Its 
elevation  is  15  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is 
a  cut  on  red  oak  tree  about  15  inches  in  diameter  on  the  left  bank 
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of  the  river,  35  feet  from  the  end  of  the  bridge  near  the  down^tmni 
side  of  the  road.     Its  elevation  is  17.27  feet  above  the  zero  of  the  g^^- 
The  observations  at  this  station  daring  1904  have  been  made  und^r 
the  direction  of  M.  R.  Hall,  district  hvdrographer. 

Ditcharge  meaguremtnls  of  NaUdy  Rker  near  Ranfffr,  X.  C,  tn  1904- 


Date. 


Hydrognpher. 


March  1 ;  O.  P.  Hall. 

May  14 ' do 

I 

August  30 ',..-. do 

October? ' do 

December  16. . .   M.  R.  Hall 


Are*  of 
Mcdon. 

Mean 
Telodty. 

l^^i.     « 

«to. 

Sq./ed. 

FLpermt. 

AeC         S( 

UQ^^^Kv*^! 

236 

1.58 

3.40 

s:-: 

240  ' 

1.47 

3.35 

3.%? 

198 

1.12 

2.75 

•>*4 

176 

.69  i 

2.30 

1^1 

190 

.97 

2.58 

1J4 

Mean  daily  gage  height,  in  feel,  of  Nottdy  Riter  near  Ranger,  N.  C.yfor  1904- 


Day. 


1. 
'2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2fi. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan. 


2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.70 
2.80 
4.00 
3.20 
9.80 
3.00 
3.00 
3.00 
5.00 
4.00 
3.80 
8.40 
3.20 
3.00 
3.00 
8.00 
2.80 


Feb. 


Mar. 


8.00  , 

2.90 

2.90  I 

3.40 

3.20  I 

3.00  ! 

8.00  I 

4.50 

3.60  I 

3.20 

3.80 

3.30 

3.10 

8.00 

3.30 

3.10 

3.00 

3.00 

3.00 

4.80 

3.80 

5.60 

5.00 

4.30 

3.80 

3.70 

3.60 

3.50 

3.30 


3.40 
8.40 
3.30 
8.80 
8.30 
3.20 
'8.30 
5.10 
4.60 
4.00 
4.00 
3.80 
3.80 
4.40 
4.00 
3.70 
3.70 
3.70 
3.60 
3.40 
3.80 
5.40 
6.70 
6.40 
5.20 
5.10 
5.00 
4.50 
4.10 
4.00 
3.90 


Apr. 

3.80 
8.70 
8.60 
3.60 
3.40 
3.80 
4.20 
5.60 
5.00 
4.50 
4.00 
3.80 
3.70 
3.60 
3.60 
3.50 
3.40 
8.50 
8.50 
3.50 
3.40 
?.40 
3.40 
3.30 
3.30 
8.80 
3.70 
8.70 
3.40 
3.40 


May.  '  June 


3.30 

3.30 

8.30  , 

8.30  I 

3.30 

8.20  ' 

8.20  I 

3.30  ! 

4.60 

3.90 

3.70 

3.40 

3.40 

3.30 

3.30 

3.10  < 

3.10  , 

3.10  ' 

8.10  I 

3.10  ' 

3.00  ' 

3.00 

3.00 

2.90 

3.00 

2.90 

2.90 

2.90 

2.90 

5.40 

3.80 


3.80 
3.90 
3.00 
2.90 
2.90 
2.80 
7.30 
4.70 
3.70 
3.00 
2.90 
8.00 
2.90 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.70 
2.90 
3.00 
2.80 
2.70 
2.70 
2.70 
2.80 
3.20 
4.60 
3.20 


2.90 
2.70 
2.50 
2.40 
2.40 
2.90 
2.70 
2.70 
3.00 
2.80 
2.60 
3.10 
2.20 
2.70 
2.60 
2.40 
2.60 
2.60 
2.50 
2.40 
2.40 
4.20 
2.80 
2.60 
3.10 
2.80 
2.60 
2.80 
2.60 
2.60 
2.60 


3.40 
3.00 
2.80 
2.80 
3.60 
3.00 
2.80 
5.00 
8.50 
3.10 
4.00 
3.80 
8.40 
2.90 
3.90 
3.10 
2.90 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
3.50 
2.90 
2.80 
2.70 
3.20 
2.70 
2.70 
2.70 


SepL  ,  Oct-      Not.     l»er. 


2.70 
2.60 
2.00  . 
2.70  ■ 
4.10  . 
3.00  I 
2.80  ! 
2.70  : 


2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.40 
2,80 
2.80 
2.30 
2.30 
2.80 
2.20 
2.20 
2.20 
3.00 
2.60 
2.80 
2.30 
2.30 
2.30 
2.80 


2.30 

2.90 

2.90 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2,20 

2.20 

2.20 


2.20 
2.20 
2. 20 
2.40 
2.90 
2.90 
2.90 
2.90 
2.30 
2.90 
2.90 
2.30 
.2.40 
2.40 
2.40 
2.40 
2.40 
2.90 
2.90 
2.90 
2.30 
2.90 
2.30 
2.20 
2.20 
2.20 

2.20  ; 

2.20 
2.20 
3.00 


4.1* 

a* 

■2  *• 


*2  •• 

1  •« 
4."^ 
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Haling  table  for  Nottely  River  near  Ranger j  N.  C,  from  January  1  to  December  31  j  1904, 


Gage 
height. 

Feet. 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 

Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

101 

3.1 

120 

3.2 

141 

3.3 

162 

3.4 

184 

3.5 

206 

3.6 

228 

3.7 

250 

3.8 

272 

1 

3.9 

Discharge. 


hel^t.   I  W«=harge. 


Second-feet.  \ 
295 
320 
346 
373 
402 
432 
464 
496 
528 


Feet. 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 


Second-feet. 
560 
592 
624 
656 
688 
720 
752 
784 
816 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
18  discharge  measurements  made  during  1901  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  2.25  feet  and  3.50  feet.  The  table  has  been  extended  beyond 
these  limits.  Above  gage  height  3.60  feet  the  rating  curve  is  a  tangent,  the  differ- 
ence being  32  per  tenth. 

Estimated  mmUhly  discharge  of  Nottely  River  near  Ranger,  N.  C. ,  for  1904. 

[Drainage  area,  272  square  miles.] 


Month. 


January  

February 

March 

April 

May , 

June 

Julv 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


Minimum.  ,    Mean. 


Run-off. 


Second-feet 

per  sauare 

mile. 


1,936 


Depth  In 
inches. 


1.24 
1.68 
2.78 
1.94 
1.53 
1.37 
.890 
1.31 
.714 
.437 
.509 
1.12 


15.52 
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OOOEE  RIVER  AT  m'cAYS,  TENN. 

This  station  was  established  March  21,  1903,  by  O.  P.  Hall,  and 
was  permanently  equipped  by  M.  R.  Hall  on  May  13,  1903.  It  i< 
located  at  a  suspension  footbridge  just  below  McCays's  ferry  at 
McCays,  Tenn.,  near  the  Georgia-Tennessee  boundary  aod  one-half 
mile  below  the  railroad  bridge  of  the  Atlanta,  Knoxville  and  Northern 
Railroad.  The  gage  is  in  two  sections,  the  inclined  section  reading 
from  —0.3  to  8.5  feet,  and  consists  of  double  2  by  6  inch  timbers, 
spiked  and  bolted  together,  set  in  a  trench  and  held  in  place  by  2  by 
6  inch  posts  driven  into  the  ground  and  bolted  or  spiked  to  the  gage. 
The  vertical  section,  reading  from  8  to  18  feet,  is  attached  to  the 
bridge  posts  on  the  right  bank.  Discharge  measurements  are  made 
from  the  suspension  footbridge,  consisting  of  four  wire  cables  and  a 
plank  footway.  Its  span  is  about  230  feet  and  it  is  23  feet  above  the 
water  surface  at  the  end  supports  and  17  feet  above  the  water  surface 
at  the  middle.  The  initial  point  for  soundings  is  the  center  of  the 
high  bent  supporting  the  bridge  on  the  left  bank.  The  channel  is 
practically  straight  for  about  800  feet  above  and  below  the  station. 
The  right  bank  will  overflow  at  about  14  feet  gage  height  for  about 
500  feet;  the  left  bank  will  overflow  at  gage  height  12  to  20  feet  for 
about  400  feet.  The  water  is  confined  to  one  channel  and  the  bed  i> 
probably  constant.     The  current  is  good  and  the  section  is  excellent. 

Bench  mark  No.  1  is  a  cut  on  a  walnut  tree  on  the  downstream  side 
of  the  road,  about  50  feet  from  the  left-bank  landing  of  McCays's 
ferry;  its  elevation  is  12.59  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  2  is  the  head  of  a  large  nail  in  the  center  of  a  post  at  the 
right-bank  end  of  the  footbridge,  on  the  downstream  side;  its  eleva- 
tion is  16.10  feet  above  the  zero  of  the  gage.  This  post  is  an  anchor 
post  for  the  cable  of  the  suspension  bridge  and  may  be  pulled  out  of 
place.  Bench  mark  No.  3  is  a  copper  plug  set  in  solid  rock  at  the 
outer  edge  of  the  side  ditch  of  the  railroad  bed,  about  800  feet  west 
of  the  railroad  station  at  McCays.  It  is  11  feet  north  of  the  center  of 
the  track  and  is  slightly  higher  than  the  railroad.  Its  elevation  is 
20.98  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  measurementa  of  Ocoee  River  at  McOaya,  Tenn.,  in  1904- 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

February  22  ... 
Febmarv  25  . 

Hoy  tan 
0.  P.  H 
do 

id  M.  R.  Hall 
all 

155 
150 
150 
148 
140 
134 
128 

Sq./eet. 
722 

504 

489 

488 

400 

369 

303 

Ft.pe 
^cCays 

r.  iec. 
2.30 

1.39 

1.37 

1.29 

.96 

.96 

.71 

F^eL 
2.80 

1.40 

1.30 

1.33 

.82 

.65 

.30 

Sea 

ynd-ft. 
1,664 

701 

February  26  . 
May  11 

669 

do 

629 

June  30 

do 

386 

August  26 

do 

354 

October  10 

do 

214 

Mean  daily  gage  height^  h 

xfeety  i 
Apr. 

7/  Ocoee  River  at  M 

,  Tenn 

.f  for  1904' 

Day. 

Jan.      Feb. 

Mar. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.60      0.90 
.«0  ,      .80 
.70        .90 

1.10 
1.20 
1.20 
X.20 
.1.00 
1.00 
3.00 
2.00 
1.60 
1.50 
1.60 
1.45 
1.30 
2.85 
1.35 
1.40 
1.30 
1.30 
1.30 
1.30 
2.26 
2.25 
3.60 
2.80 
2.20 
1.95 
2.20 
1.85 
1.70 
1.60 
1.55 

1.50 
1.50 
1.40 
1.85 
1.30 
1.35 
1.90 
2.80 
2.10 
1.70 
1.65 
1.65 
1.50 
1.40 
1.40 
1.40 
1.35 
1.85 
1.30 
1.25 
1.30 
1.35 
1.25 
1.20 
1.20 
1.35 
1.60 
1.35 
1.30 
1.20 

1.20 

1.25 

1.25 

1.90 

1.20 

1.10 

1.10 

•  1.95 

1.80 

1.45 

1.30 

1.25 

1.20 

1.20 

1.20 

1.15 

1.10 

1.10 

1.10 

1.15 

1.00 

1.00 

1.00 

.90 

1.00 

.95 

.90 

.90 

.90 

.90 

2.35 

1.45 

1.20 

1.00 

1.00 

.90 

.90 

2.10 

1.20 

.90 

.90 

.85 

.90 

.85 

.80 

.80 

.76 

.75 

.70 

.70 

.80 

.75 

1.20 

.80 

.70 

.65 

.70 

.70 

.70 

1.20 

.85 

0.75 
.70 
.70 
.65 
.90 
.80 
.70 
.75 
.90 
.75 
.70 

1.20 

1.00 
.75 
.66 
.75 
.80 
.60 
.60 
.55 
.60 

1.10 
.75 
.70 
.90 
.85 
.65 

1.00 
.75 
.70 
.75 

1.60 

.95 

.75 

.75 

1.00 

.95 

1.10 

1.70 

1.25 

1.05 

1.45 

1.10 

1.20 

.95 

1.00 

.KJ 

.75 

.70 

.76 

.80 

.70 

.60 

.60 

.75 

.70 

.70 

.96 

.75 

.65 

.60 

.60 

0.60 
.55 
.65 
.56 
.70 
.60 
.50 
.50 
.50 
.60 
.46 
.46 
.46 
.46 
.40 
.40 
.40 
.40 
.40 
.36 
.40 
.45 
.40 
.35 
.35 
.35 
.35 
.40 
.35 
.30 

0.30 
.30 
.36 
.35 
.30 
.30 
.30 
.30 
.30 
,      .30 
.30 
.30 
.80 
.30 
.26 
.26 
.25 
.26 
.25 
.25 
.26 

0.30 
.30 
.40 
.50 
.60 
.40 
.36 
.30 
.30 
.30 
.30 
.36 
.55 
.56 
.50 
.45 
.36 
.80 
.30 
.30 
.35 

0.60 

2 

.86 

3 

1.05 

4 

.60 
.60 
.60 
.70 
.60 
.60 
.60 
.80 
.70 
.70 
.70 
.70 
.70 
1.30 

.90 

.80 

.80 

.80 

1.80 

.90 

1.00 

1.20 

1.00 

.90 

.90 

1.00 

.90 

.90 

.60 

5 

1.85 

c 

1.40 

7 

.76 

8 

.60 

9 

.60 

10 

.60 

11 

.56 

12 

.60 

13 

.50 

14 

.40 

15 

.45 

16 

.40 

17 

.55 

18 

1.00         .80 
.80         .90 

.50 

19 

.45 

20 

.70 
.70 

2.00 
2.00 
2.90 
2.20 
1.70 
1.40 
1.30 
1.30 
1.20 
1.10 

.40 

21 

.40 

22 

•23 

24 

1.00 
1.70 
1.40 

.25        .40 
.26  1      .65 
.26  ;      .40 
.25  ;       40 

.40 
.40 
.46  • 

2.5 

1.20 
1.10 

.76 

2r> 

.30 
1      .SO 
.30 
.80 
.30 

.80 
.30 
.30 
.30 
.75 

.60 

27 

.90 

1.00 

.90 

1.60 

28 

29 

2.25 
1  05 

30 

.90 
,80 

.80 

31 

.80 

.70 
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Rating  table  for  Ocoee  River  al  McCoys,  Term.,  from  March  20, 1903,  to  December  SI,  l^i. 


Gage 
height. 

Fset. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Fset. 

Discharge. 

Gage 
height. 

1 

DischAnpp. 

Second-feet. 

Feet. 

Secondr/eet. 

Second-feet. 

FeeL 

Sectmd-ffti. 

0.2 

200 

1.1 

551 

2.0 

1,080 

2.9 

1.690 

.3 

230 

1.2 

602     ' 

2.1 

1,145 

3.0 

1,760 

.4 

262 

1       1.3 

1 

655 

2.2 

1,210 

3.1 

1,830 

.5 

296 

1.4 

710 

2.3 

1,275 

3.2 

1,900 

.6 

332 

1.5 

767    , 

2.4 

1,340 

3.3 

1, 975 

.7 

370 

1.6 

826    , 

2.5 

1,410 

3.4 

2,a70 

.8 

411 

1.7 

887 

2.6 

1,480 

3.5 

2,125 

.9 

455 

1.8 

950    i 

2.7 

1,550 

3.6 

2.20f> 

1.0 

502 

1.9 

1,015 

2.8 

1,620 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  a|M>n 
15  discharge  measurements  made  during  1903  and  1904.  It  is  well  define<l  betwt^n 
gage  heights  0.25  feet  and  3.4  feet.  Above  gage  height  0.50  feet  the  rating  tablt*  l« 
the  same  as  for  1903. 

Efiimaled  monthly  discharge  of  Ocoee  River  at  McCaijs,  Tain.,  for  1904. 


Month. 


January . 
February 
March... 

April 

May 

June 

July 


Discharge  in  second-feet. 


Maximum.     Minimum.        MeAL. 


August 

September. 
October  ... 
November . 
December 


The  year 


887 

1,690 

2,200 

1,275 

1,308 

1, 145 

602 

887 

370 

246 

370 

1,242 


2,200 


332 
411 

502 : 

602 
456 
351 
314 
332 
230 
215 
230 
262 


215 


4;V^ 

tiy' 

if' 

47* 
4«. 


0~4 


4xv 


FIGHTINGTOWN   CREEK   AT  m'cAYS,  TENN. 

This  station  was  established  as  a  bench-mark  station  August  27,  19<  4, 
by  O.  P.  Hall.     It  is  located  about  one-half  mile  above  the  mouth  of 
the  creek,  which  flows  into  Ocoee  River  about  one-half  mile  below  th 
station  on  Ocoee  River,  at  McCaj^s,  Tenn.     Discharge  measurenierit** 
are  made  by  means  of  a  boat  or  by  wading.     Both  banks  are  open. 
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cultivated  lands,  which  will  probably  overflow.  The  bed  is  sandy  and 
will  no  doubt  change  much.  The  bench  mark  is  two  small  nails  driven 
into  the  largest  of  a  cluster  of  small  maple  sprouts  on  the  right  bank, 
40  feet  above  the  mouth  of  a  small  branch.  Its  elevation  is  5  feet 
above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Fightingtown  Creek  at  McCoys,  Tenn,,  in  1904' 


Date. 


May  12 

August  27 

October  11 ' do 


O.  P.  Hall 
do  ... 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Sq.  feet. 

Ft.  per  Kc. 

Feet. 

40 

119 

1.03 

«1.25 

40 

107 

.74 

1.72 

40 

1 

91 

.44 

1.12 

Dis- 
chaige. 


Secondrfl. 
122 
79 
40 


a  Gage  height  given  is  for  the  Ocoee  River  at  McCays. 
PAINT  ROCK   RIVER  NEAR  PAINTROCK,    ALA. 

This  station  was  established  as  a  bench-mark  station  February  4, 
1904,  by  J.  M.  Giles.  It  is  located  at  the  highway  bridge  21  miles 
south  of  Paintrock,  Ala.,  and  about  400  feet  above  the  Southern 
Railway  bridge.  Discharge  measurements  are  made  from  the  up- 
stream side  of  the  single-span  bridge,  which  is  supported  by  tubular 
iron  piers  and  has  an  approach  of  12  feet  at  the  right  and  23  feet  at 
the  left  bank.  The  initial  point  for  soundings  is  the  center  of  the 
upstream  pier  at  the  left  bank.  The  channel  is  straight  for  about  200 
feet  above  and  600  feet  below  the  station.  The  current  is  sluggish. 
The  right  bank  is  low,  wooded,  and  overflows  during  high  water 
from  one-fourth  to  one-half  mile.  The  left  bank  is  rocky,  wooded, 
and  overflows  only  under  the  approach.  The  bed  of  the  stream  is 
rocky,  free  from  vegetation,  and  permanent.  An  old  crib  divides  the 
stream  into  two  channels  at  low  stages.  At  high  stages  it  is  broken 
by  the  tubular  steel  piers.  The  bench  mark  is  a  point  on  the  upstream 
end  of  the  crossbeam  17  feet  from  the  initial  point  for  soundings.  Its 
elevation  is  20  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Paint  Rock  River  near  Paintrock,  Ala.,  in  1904- 


Date. 


February  4 
April  20  . . . 


Hydrographer. 


J.  M.  Giles 
do  ... 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 
1.55 
2.00 

Feci. 
62 
64 

Sq./ert. 
283 
300 

Ft.  per  KC. 

0.56 

.92 

Dis- 
charge. 

Second-ft. 
159 
275 
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FLINT  BIVER  AT  BROWN8BORO,  ALA. 

This  station  was  established  as  a  bench-mark  station  February  5, 
1904,  by  J.  M.  Giles.  It  is  located  at  the  highway  bridge  about  one- 
fourth  mile  west  of  Brownsboro,  Ala.,  and  100  feet  below  a  6-foot  mill- 
dam.  Discharge  measurements  are  made  from  the  downstream  side  of 
the  single-span  bridge,  which  is  supported  by  tubular  iron  piers  and 
has  a  trestle  approach  of  64  feet  at  each  bank.  The  initial  point  for 
soundings  is  the  center  of  the  downstream  pier  at  the  left  bank.  The 
channel  is  straight  for  about  100  feet  above  and  slightly  curved  for  5<>j 
feet  below  the  station.  The  current  is  sluggish  above  and  swift  below 
the  section.  Both  banks  are  high  and  clean.  Tl^e  left  bank  overflow.^ 
during  flood  stages,  forming  a  second  channel  about  500  feet  east  of 
the  bridge.  The  bed  of  the  stream  is  composed  of  clean  sand  and 
gravel,  and  is  permanent.  There  is  one  channel  at  low  and  two  at 
'  high  stages.  The  channel  at  low  and  intermediate  stages  is  broken  br 
the  piers  and  trestlework  of  the  bridge.  The  beixch  mark  is  the  top 
of  the  upstream  pier  at  the  left  bank.  Its  elevation  is  17  feet  above 
gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Flint  River  ai  Brownsboro,  Ala,,  in  1904. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gnge 
height. 

'       Dis- 
charge. 

February  5 

April  29 

J.  M.  Giles 

do 

Fett, 
120 

127 

Sq./eeL 
395 
411 

Ft.peraec. 

0.53 

.72 

Feet. 
1.70 
1.95 

Seetmd-f. 
2ti9 
294 

ELK   RrVEK  NEAR   ELKMONT,  ALA. 

This  station  was  established  June  24,  1904,  by  M.  R.  Hall.  It  is 
located  at  the  wagon  bridge  near  Wilson's  store,  about  5  miles  east  of 
Elkmont,  Ala.,  and  3  miles  below  the  bridge  of  the  Louisville  and 
Nashville  Railway.  A  standard  chain  gage  of  the  24- inch  boxed 
pattern  is  used.  The  box  and  scale  are  attached  to  the  upstream  lat- 
tice iron  fencing  of  the  bridge,  about  125  feet  from  the  right  end. 
The  length  of  the  chain  from  the  end  of .  the  weight  to  the  marker  is 
36. 45  feet.  The  gage  is  read  once  each  day  by  J.  S.  Wilson.  Dischargie 
measurements  are  made  from  the  downstream  side  of  the  bridge  to 
which  the  gage  is  attached.  This  bridge  is  of  iron,  with  stone  abut- 
ments and  C3^1indrical  iron  piers,  having  a  span  of  82  feet  at  the  right 
bank,  a  main  span  of  181  feet,  and  two  spans  of  82  and  20  feet,  respec- 
tively, at  the  left  bank.     The  initial  point  for  soundings  is  the  end  of 
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the  bridge  downstream  side  at  the  right  bank.  Distances  from  the 
initial  point  are  marked  on  the  rail  with  white  paint.  The  channel  is 
nearly  straight  for  about  1,500  feet  above  and  straight  for  about  2,500 
feet  below  the  station.  The  current  is  swift.  Both  banks  are  high, 
cultivated,  and  liable  to  overflow.  The  bed  of  the  stream  is  composed 
of  rock,  and  is  permanent.  There  is  one  channel  broken  by  two  piers 
at  ordinary  stage.  Bench  mark  No.  1  is  a  point  marked  with  white 
paint  on  the  top  of  the  downstream  pier  at  the  right  bank.  Its  eleva- 
tion is  31  feet  above  the  datum  of  the  gage.  Bench  mark  No.  2  is  a 
chisel  mark  on  the  intermediate  post  at  the  end  of  the  gage  box.  Its 
elevation  is  35  feet  above  gage  datum.  Bench  mark  No.  3  is  a  copper 
plug  set  in  the  upstream  corner  of  the  right  abutment. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 

Discharge  measurements  of  Elk  River  near  Elkmant,  Ala.,  in  1904» 


Date. 


April  21... 
May  17.... 
June  24.... 
August  17.. 
October  20. 
October  20. 


Hydrogmpher. 


Width. 


Area  of 
section. 


J.  M.  Giles 

do  .... 

do..-. 

do  .... 

do  .... 

do.... 


Ftet. 

Sq.feet. 

213 

605 

205 

482 

170 

498 

221 

518 

188 

335 

188 

331 

Mean 
velocity. 

GBge 
height. 

Ft.  per  sec. 

fM, 

2.23 

2.62 

1.65 

2.15 

1.39 

2.02 

1.53 

2.10 

.60 

1.28 

.59 

1.27 

Dis- 
charge. 


Seco7ul-ft. 
1,352 
794 
690 
795 
202 
194 


Mean  daily  gage  height,  in  feet,  of  Elk  River  near  ElkmorU,  Ala.,  for  1904. 


Aug. 

Sept. 

Oct. 

2.10 

1.30 

1.80 

2.10 

1.30 

1.20 

1.90 

1.20 

1.30 

2.80 

1.40 

1.30 

1.90 

1.60 

1.30 

1.70 

1.40 

1.30 

2.50 

1.40 

1.30 

2.80 

1.40 

1.20 

2.00 

1.40 

1.30 

1.80 

1.50     1.30 

1.70 

1.50 

1.20 

1.60 

1.50 

1.20 

1.50 

1.40 

1.80 

1.50 

1.40 

1.20 

1.50 

1.20 

• 

Nov. 


1.80 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.50 
1.40 
1.40 
1.40 
1.40 
1.60 


Dec. 


1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.70 
1.90 
4.80 
3.40 
6.80 
11.70 
6.80 
5.46 
4.40 
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Rating  table  for  Elk  River  near  Elkmonty  Ala.,  from  JtUy  1  to  December  31^  1904- 


Gage 
height 

Discharge. 

Gage 
height 

Discharge. 

Gage 
height 

Dlischaige. 

Gage 
height 

Dischaiige. 

Feel. 

Second-feet. 

PkL 

Second-feet. 

Feet. 

Second-feet. 

FeeL 

1 

Sesxmd'/etL 

1.2 

165 

1.7 

468 

2.2 

870     ■ 

2.7 

1,475 

1.3 

220 

1.8 

538 

2.3 

975  ; 

2.8 

1,620 

1.4 

278 

1.9 

612 

2.4 

1 

1,090 

2.9 

1,  775 

1.5 

338 

2.0 

1 

690 

1      2.5 

1,210 

3.0 

1,940 

1.6 

401 

2.1 

775 

2.6 

1,340 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  u{Mm 
six  discharge  measurements  made  during  1904.  It  is  well  defined  between  g9ge 
heights  1.2  feet  and  2.6  feet.     The  table  has  been  extended  above  gage  height  2,6  feet 

Estimaied  monthly  discharge  of  Elk  River  near  Elkmont,  Ala. 


Month. 


July 

August 

September 

October 

November '. 

December,  1-24 


Discharge  in  second-feet. 


Maximum.     Minimum. 


BIG   SPRING  AT  TUSCUMBIA,  ALA. 

m 

This  station  was  established  as  a  bench  mark-station  July  20,  19«;»3, 
by  M.  R.  Hall.  It  is  located  at  the  ford  just  below  the  spring  at  Tus- 
curabia,  Ala.  Discharge  measurements  are  made  by  wading,  or  from 
a  buggy,  at  the  lower  side  of  the  ford.  There  is  no  fixed  initial  point 
for  soundings.  The  channel  is  nearly  straight  for  about  1,000  feet 
below  the  station.  The  current  is  swift.  Both  banks  are  low  and 
clean.  The  bed  of  the  stream  is  composed  of  sand  and  gravel,  with 
some  moss  on  the  bottom.  The  bench  mark  is  the  top  of  the  fourth 
stone  step  from  the  top,  left  side,  of  the  steps  leading  down  to  the 
spring.     Its  elevation  is  8  feet  above  the  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  meamremenU  of  Big  Spring  at  Tuseujnbiaj  Ala,,  in  1904' 


Date. 


Hydrographer. 


April  22 

August  15 ... . 
October  19 do 


J.  M.  Giles 
do  .... 


October  19. 


.do 


Width. 
Feet. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Sq./eet. 

Ft.  per  KC. 

Feet, 

46 

70 

1.43 

2.15 

45 

48 

.90 

1.55 

18 

13.2 

1.50 

.70 

16 

12.4 

1:50 

.70 

Dis- 
charge. 


Secondr/l. 

100 

43 

20 

19 


DUCK   RIVER  AT  COLUMBIA,  TENN. 

This  is  an  old  Weather  Bureau  station  which  has  not  been  main- 
tained continuously.  Two  discharge  measurements  were  made  in 
1901  by  M.  R.  Hall.  During  1904  discharge  measurements  have 
been  made,  and  the  gage  heights  have  been  regularly  recorded  since 
October  21,  1904. 

It  is  located  at  the  highway  bridge  two  blocks  north  of  the  public 
square  at  Columbia,  Tenn.,  three-fourths  mile  below  a  mill  dam. 
Gage  readings  are  made  from  the  United  States  Weather  Bureau 
gage,  which  is  a  vertical  oak  timber  bolted  to  the  downstream  pier  at 
the  right  bank.  The  gage  reads  by  feet  and  tenths  from  1  foot  to  38 
feet.  A  supplementary  gage,  gi*aduated  from  —0.5  to  5  feet  is 
spiked  to  a  small  willow  tree  on  the  left  bank  about  150  feet  above 
the  bridge.  The  gage  is  read  twico  each  day  by  W.  O.  Cherry.  Dis- 
charge measurements  are  made  from  the  downstream  side  of  the  two- 
span  bridge  to  which  the  gage  is  attached.  The  bridge  consists  of 
two  spans,  199  feet  and  97  feet  long.  Low-water  measurements  are 
made  from  a  boat  about  one-fourth  mile  above  the  bridge.  The  ini- 
tial point  for  soundings  is  the  end  of  the  bridge  on  the  left  bank, 
downstream  side.  The  channel  is  curved  for  atout  1,000  feet  above 
and  nearly  straight  for  2,000  feet  below  the  station.  The  current  is 
sluggish  above  and  swift  below  the  measuring  section.  Both  banks 
are  high  and  fringed  with  trees.  The  right  bank  overflows  under  the- 
short  span  of  the  bridge  during  floods.  The  bed  of  the  stream  is 
composed  of  rock  and  gravel,  free  from  vegetation  and  constant. 
There  is  one  channel;  all  water  passing  under  the  left  span  at  ordi- 
nary and  under  both  spans  at  high  stages. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Diacharge  measurements  of  Duck  Rwer  ai  Columlna,  Term,,  in  1904^ 


Date. 


May  21.... 
August  18., 
August  18. 
October  21 
October  21 


Hydrographer. 


J.  M.  Giles 

do  .... 

do.... 

;do 

do.... 


Width. 


FteL 

85 

115 

115 

79 

79 


Area  of 
section. 


Mean 
velocity. 


Sq.  feet. 
610 
755 
725 
139 
144 


Ft.  per  tec 

0.49 

.38 

.39 

.94 

1.10 


Gage 


heierl 


Di»- 
dtacKp. 


Jfcrt. 
0.70 
.70 
.70 
.44 
.40 


Serood-j*. 

2S7 
2W 
131 


Mean  daily  gage  height,  in  feet,  of  Duck  River  at  Columbia,  Tenn.,  in  1904^ 


Day. 

Oct. 

Nov. 

Dec. 

1 

Day. 

Oct. 

Nov. 

0.45 
.45 
.45 
.50 
.35 
.35 
.35 
.35 
.30 
.40 
.40 

Dec. 

Day. 

Oct. 

Nov.  Dec 

1 

0.40 
.35 
.30 
.40 
.55 
.50 
.70 
.60 
.50 
.45 

0.40 

.36 

.45 

.60 

.70 

1.35 

2.40 

1.60  , 

1.00 

.96 

.85 

12 

0.75 
.60 
.55 
.65 
.70  , 
.55 
.55 
.55 
.50 
.50 
.50 

28 

24 

26 

26 

27 

28 

29 

80 

31 

0.45 
.50 
.45 
.40 
.40 
.40 
.40 
.30 
.40 

Ol40   0.45 

2 

13 ! 

.35   1  50 

8 

'  14 

.45   L:i 

4 

1  *  

15 

.45  K.Ki 

.5 

16 

.40  \^i» 

6 ' 

17 

.45  \h.-^- 

7 ....1 

18 

.40   **  i^ 

8 

19 

• 

.  40   4.  i'l 

9 

20 

10 ' 

21 

0.45 
.50 

11 

.45 

22 

MISCELLANEOUS  DISCHARGE   MEASUREMENTS  IN   THE  TENNESSEE    RIVEK 

DRAINAGE   BASIN. 

The  following  is  a  list  of  miscellaneous  discharge  measurementei 
made  in  the  Tennessee  River  drainage  basin  during  1904: 

Roane  Creek  at  Butler^  Tenu. — This  stream  is  an  important  tribu- 
tary of  Watauga  River.  A  measurement  was  made  March  26  at  the 
county  bridge  crossing  the  creek  about  600  feet  above  its  mouth.  The 
bench  mark  is  the  top  of  the  dow^nstream  end  of  the  second  floor  beam 
from  the  left  bank,  25  feet  above  the  datum  of  the  gage. 

Width,  82  feet;  area,  188  square  feet;  mean  velocity,  2.57  feet  per 
second;  gage  height,  1.75  feet;  discharge,  483  second-feet. 

Watauga  River  at  Watauga^  Tenn. — A  measurement  was  mad' 
fFuly  13  from  a  bridge.  The  bench  mark  is  the  top  of  cross  brace  ai 
the  foot  of  the  third  post  from  the  left  end  of  the  bridge,  upstivani 
side,  35  feet  above  the  datum  of  the  gage. 

Width,  170  feet;  area,  871  square  feet;  mean  velocity,  0.68  foot  per 
second;  gage  height,  2.70  feet;  discharge,  594  second-feet, 

Holston  Rivei'  {South  Fork)  near  Bluff  City^  Tenn. — A  measure- 
ment was  made  April  29  at  the  upper  bridge,  9  miles  above  Blutl 
City,  Tenn.     The  water  surface  was  23.10  feet  below  the  bench  marL 
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Width,  182  feet;  area,  632  square  feet;  mean  velocity,  4.92  feet  per 
second;  discharge,  3,110  second-feet. 

French  Broad  River  at  Alexander^  N.  C. — A  measurement  was 
made  May  20  from  the  wagon  bridge.  The  bench  mark  is  the  upper 
edge  of  the  third  band  from  the  top  on  the  upstream,  left  bank  tubular 
pier,  5  feet  above  the  datum  of  the  gage. 

Width,  223  feet;  area,  992  square  feet;  mean  velocity,  1.34  feet  per 
second;  gage  height,  1.60  feet;  discharge,  1,329  second-feet. 

Pigeon  River  near  Newport^  Tenfi. — Measurements  were  made  at 
Deep  Ford  Bridge,  2  miles  below  Newport,  Tenn.,  and  3  miles  below 
the  regular  gaging  station  on  Pigeon  River,  and  1^  miles  above  the 
mouth  of  the  river. 

March  29:  Width,  198  feet;  area,  913  square  feet;  mean  velocity, 
1.85  feet  per  second;  gage  height,  2.35  feet;  discharge,  1,694  second- 
feet. 

April  26:  Width,  198  feet;  area,  854  square  feet;  mean  velocity,  1.07 
feet  per  second;  gage  height,  1.68  feet;  discharge,  915  second-feet. 

July  8:  Width,  179  feet;  area,  768  square  feet;  mean  velocity,  0.74 
foot  per  second;  gage  height,  1.27  feet;  discharge,  574  second-feet. 

Clinch  River  at  Clinton^  Tmin. — A  measurement  was  made  August 
8  from  the  ferryboat,  1,000  feet  below  the  Southern  Railway  crossing 
at  Clinton,  Tenn.  The  gage  height  is  from  the  gage  of  the  United 
States  Weather  Bureau. 

Width,  240  feet;  area,  1,813  square  feet;  mean  velocity,  0.61  foot 
per  second;  gage  height,  3.90  feet;  discharge,  1,109  second-feet. 

Little  Tennessee  River  at  Franklin^  N,  C. — A  measurement  was 
made  May  24  from  the  iron  wagon  bridge  one-half  mile  east  of  Franklin, 
N.  C,  and  1  mile  below  the  mouth  of  Cullasagee  River.  The  bench 
mark  is  the  upper  edge  of  tie  plate  on  the  streamward  side  of  the  bot- 
tom of  the  first  post  from  the  right  bank,  20  feet  above  the  datum  of 
the  gage. 

Gage  height,  1.67  feet;  discharge,  562  second-feet. 

Little  Tennessee  River  near  Franklin^  N,  C, — A  measurement  was 
made  Maj^  24  from  lotla  Bridge,  4  miles  north  of  Franklin,  N.  C.  The 
bench  mark  is  the  top  of  small  plate  tying  the  bottom  of  first  post 
from  the  right  bank  to  its  floor  beam,  22  feet  above  the  datum  of  the 
Rage. 

Width,  131  feet;  area,  271  square  feet;  mean  velocity,  2.04  feet  per 
second;  gage  height,  1.96  feet;  discharge,  553  second-feet. 

Nantahala  River  near  Nantahala^  N.  C, — This  stream  is  an  impor- 
tant tributary  of  Little  Tennessee  River.  A  measurement  was  made 
October  8  from  Matthew  (Dole's  foot  bridge,  about  1  mile  above  Nan- 
tahala, N.  C.  The  bench  mark  is  the  top  of  the  left  bent  on  the 
upstream  side,  12  feet  above  the  datum  of  the  gage. 
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Width,  50  feet;  area,  120  square  feet;  mean  velocity,  0.96  foot  per 
second;  gage  height,  0.82  foot;  discharge,  115  second-feet. 

BraHst(nv7i  Creek  at  Brasstow7i^  N,  C. — ^This  stream  enters  Hiwassee 
River  about  5  miles  above  Murphy,  N.  C.  A  measurement  was  made 
May  13,  at  which  time  the  gage  on  Hiwassee  River  at  Murphy  read 
5.60  feet. 

Width,  35  feet;  area,  61  square  feet;  meah  velocity,  1.34  feet  per 
second;  discharge,  82  second-feet. 

Hanging  Dog  Creek  near  Murphy^  JV.  C — ^This  creek  enters  Hiwas- 
see River  about  2  miles  below  Murphy.  A  measurement  was  made 
May  14,  at  which  time  the  gage  on  Hiwassee  River  at  Murphy  read 
5.60  feet. 

Width,  33  feet;  area,  54  square  feet;  mean  velocity,  1.26  feet  per 
second;  discharge,  68  second-feet. 

Seqxiatchie  River  near  Jasper^  Tenn. — ^This  stream  enters  Tennessee 
River  5  miles  south  of  J&sper,  Tenn.  A  measurement  was  made 
February  9  from  the  highway  bridge  2  miles  northeast  of  Jasper, 
Tenn.  The  bench  mark  is  the  top  of  the  downstream  end  of  crocs?- 
beam  37  feet  from  the  center  of  the  right  bank  pier,  28  feet  above 
the  datum  of  the  gage. 

Width,  134  feet;  area,  790  square  feet;  mean  velocity,  2.32  feet  per 
second;  gage  height,  8.30  feet;  discharge,  1,829  second-feet. 

Sequatchie  River  near  Jaspe7\  Tenn. — A  measurement  was  made 
February  9  from  the  wagon  bridge  at  Pregor's  mill,  2  miles  east  of 
Jasper,  Tenn.  The  bench  mark  is  the  top  of  the  downstream  end  of 
crossbeam  37  feet  from  the  left  bank  abutment,  28  feet  above  the 
datum  of  the  gage. 

Width,  170  feet;  area,  1,036  square  feet;  mean  velocity,  1.85  feet 
per  second;  gage  height,  9.95  feet;  discharge,  1,916  second-feet. 

Battle  Creek  near  South  PitUiburg^  Tenn. — This  stream  enters  Ten- 
nessee River  1  mile  east  of  Jasper,  li  miles  north  of  the  Tennessee- 
Alabama  State  line.  A  measurement  was  made  February  9  from  the 
highway  bridge  on  the  road  from  South  Pittsburg  to  Jasper.  The 
bench  mark  is  the  top  of  the  upstream  end  of  crossbeam  56  feet  from 
the  right  abutment,  25  feet  above  the  datum  of  the  gage. 

Width,  67  feet;  area,  276  square  feet;  mean  velocity,  1.75  feet  pT 
second;  gage  height,  5.67  feet;  discharge,  482  second-feet, 

T(H'C(Hi  River  near  Blueridqe.,  Ga. — This  stream  is  a  tributary  of 
Hiwassee  River,  its  name  becoming  Ocoee  River  in  the  State  of  Ten- 
nessee. A  measurement  was  made  October  3  from  a  small  boat,  at 
Bench  Leg  Ford,  1  mile  below  the  Morganton  road  bridge,  and  one- 
fourth  mile  below  the  mouth  of  Weaver  Creek. 

Width,  110  feet;  area,  2^)4  square  feet;  mean  velocity,  0.65  foot  per 
second;  discharge,  172  second-feet. 
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FigktingUnni  Creek  near  Bluer idge^  Ga. — This  stream  is  a  tribu- 
tary of  Toccoa  River.  A  measurement  was  made  October  4  at  the 
Galloway  bridge,  above  the  Horseshoe  Bend. 

Width,  33  feet;  area,  25  square  feet;  mean  velocity,  1  foot  per 
second;  discharge,  25  second-feet. 

Flint  River  near  Neic  Decatur^  Ala, — This  stream  enters  Tennessee 
River  from  the  south,  near  Decatur,  Ala.  A  measurement  was  made 
May  16  from  the  bridge  near  New  Decatur.  The  bench  mark  is  the 
top  of  the  downstream  end  of  the  crossbeam  67  feet  from  the  left  end 
of  the  bridge,  22  feet  above  the  datum  of  the  gage. 

Width,  63  feet;  area,  138  square  feet;  mean  velocity,  0.45  foot  per 
second;  gage  height,  2.45  feet;  discharge,  62  second-feet. 

Elk  River  near  Pnmpect^  Tenn. — This  stream  is  an  important  tribu- 
tary of  Tennessee  River,  entering  from  the  northeast,  about  20  miles 
below  Decatur,  Ala.  A  measurement  was  made  February  8  from  the 
Louisville  and  Nashville  Railroad  bridge,  three-fourths  of  a  mile  south 
of  Prospect,  Tenn.  The  bench  mark  is  the  base  of  rail,  150  feet  from 
the  right  end  of  the  bridge,  40  feet  above  the  datum  of  the  gage. 

Width,  310  feet;  area,  1,772  square  feet;  mean  velocity,  2.99  feet 
per  second;  gage  height,  2.70  feet;  discharge,  5,296  second-feet. 

Spring  Creek  at  Tuscumhia^  Ala. — This  stream  enters  Tennessee 
River  from  the  south  near  Tuscumbia,  Ala.  A  measurement  was  made 
February  6  at  the  wagon  bridge  one-half  mile  northwest  of  the  depot 
at  Tuscumbia.  The  bench  mark  is  the  top  of  the  upstream  end  of  the 
crossbeam  18  feet  from  the  right  end  of  iron  bridge,  20  feet  above  the 
datum  of  the  gage. 

Width,  70  feet;  area,  201  square  feet;  mean  velocity,  0.21  foot  per 
second;  gage  height,  1.47  feet;  discharge,  43  second-feet. 

Big  Bear  Creek  near  luka^  Mins. — This  stream  enters  Tennessee 
River  from  the  south,  near  the  Alabama-Mississippi  State  line,  about 
5  miles  northeast  of  luka.  A  measurement  was  made  April  22  at  the 
highway  bridge,  5  miles  east  of  luka.  The  bench  mark  is  the  top  of 
the  downstream  right  bank  pier,  30  feet  above  the  datum  of  the  gage. 

Width,  160  feet;  area,  1,383  square  feet;  mean  velocity,  0.48  foot 
per  second;  gage  height,  7.10  feet;  discharge,  670  second-feet. 

YAZOO   RIVER  DRAIISTAGE  BASILS". 

Yazoo  River  rises  in  the  northwestern  part  of  Mississippi.  It  flows 
south  just  west  of  the  central  portion  of  the  State  and  enters  Missis- 
sippi River  just  above  Vicksburg.  The  United  States  Geological 
Survey  is  maintaining  a  station  on  this  river  at  Yazoo  City,  under  the 
direction  of  M.  R.  Hall. 
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YAZOO   RIVER  AT  YAZOO   CITY,  MISS. 

A  gage  has  been  maintained  at  this  point  by  the  Engineer  Coqps  of 
the  Army.  It  was  replaced  in  1901  b^^  a  new  gage  rod  in  three  sec- 
tions, marked  with  brass  figures  and  brass  tacks,  the  sections  being 
placed  as  follows:.  The  lowest,  marked  from  —3  to  +4.5  feet,  L^ 
attached  to  the  protecting  work  of  the  bridge;  the  middle  section, 
marked  from  4.5  to  18.5  feet,  is  attached  to  the  piling  that  protects 
the  bridge  pier;  the  uppermost  section,  continuing  the  graduation  up 
to  32.3  feet,  is  on  a  post  under  the  approach  to  the  bridg'e.  The 
highest  known  water  occurred  in  1882,  reaching  a  gage  height  of  36.5 
feet;  the  lowest  occurred  on  October  15  to  17  and  20  to  22,  1896,  with 
a  gage  height  of  —2.8  feet.     The  danger  line  is  at  25  feet. 

Discharge  measurements  are  made  from  the  highway  bridge,  con- 
sisting of  one  span  of  85  feet,  a  turn-span  of  190  feet,  an  approach  on 
the  right  bank  of  about  100  feet,  and  on  the  left  bank  of  about  1,2(K) 
feet.  This  is  the  bridge  to  which  the  gage  is  attached,  and  is  located 
one-half  mile  northwest  from  the  Illinois  Central  Railroad  station  in 
Yazoo  City.  The  initial  point  for  soundings  is  the  end  of  the  iron 
bridge  on  the  left  bank,  downstream  side.  The  channel  is  straight  for 
about  3,000  feet  above  the  station  and  is  curved  for  about  2,000  feet 
below.  The  current  is  moderately  rapid.  As  this  stream  is  connected 
with  the  Mississippi  River  both  above  and  below  the  station,  it  i.^ 
influenced  by  the  stage  of  that  stream  to  the  extent  that  high -water 
measurements  are  of  no  value.  The  bed  is  of  sand  and  mud,  and  is 
subject  to  some  change.  The  right  bank  is  high,  but  overflows  for 
a  long  distance  at  extreme  floods;  the  left  bank  is  high  and  overflows 
to  the  foot  of  the  hill,  about  one-half  mile  from  the  river.  There  are 
trees  along  both  banks. 

A  bench  mark  was  established  on  the  top  of  the  upstream  cylinder 
of  the  second  pier  from  the  left  bank,  at  a  distance  of  85  feet  from 
the  initial  point  for  soundings,  which  is  on  the  downstream  end  of 
iron  bridge  on  the  left  bank.  The  elevation  of  the  mark  is  35.85  feet 
above  the  zero  of  the  gage.  Other  important  bench  marks  in  Yazot* 
City  are  the  following:  P.  B.  M.  12,  Yazoo  City,  is  a  copper  bolt  in 
stone  under  ground,  surmounted  by  an  iron  pipe  and  cap,  in  the 
north  corner  of  the  county  court-house  yard.  It  is  44.1  feet  above 
the  zero  of  the  gage  and  116.2  feet  above  mean  sea  level.  P.  B.  M.  IX 
Yazoo  City,  is  a  copper  bolt  in  stone  under  ground,  surmounted  hv 
an  iron  pipe  and  cap,  in  the  north  corner  of  the  public  school  yard, 
near  Washington  and  Main  streets.  It  is  29.2  feet  above  the  zero  of 
the  gage  and  101.3  feet  above  mean  sea  level.  The  observer  is  P.  C. 
Battaille.     Dail}''  gage  heights  are  furnished  by  the  Weather  Bureau. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  M.  R.  Hall,  district  hydrographer. 
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Discharge  measurements  of  Yazoo  River  at  Yazoo  Oily,  AftM.,  in  1904- 


Date. 


January'  14  . . . 

August  11 

October  27 

October  27 do 


Hydrographer. 


Width. 


J.  M.  Giles, 

do  .... 

do  .... 


Feet. 
191 
223 
183 
183 


Area  of 
section. 

Mean  ve- 
locity. 

Feet  per  sec. 

Gage 
height. 

Dls- 
chaige. 

Sq.feet. 

Feet, 

Second-ft. 

2,043 

1.11 

-0.65 

2,261 

2,929 

1.73 

3.00 

5,054 

1,656 

.68 

-3.16 

1,122 

1,639 

.68 

-3. 15 

1,120 

Mean  daily  gage  height^  in  feetf  of  Yazoo  River  at  Yazoo  Cilyj  Miss.f  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

10.70 
10.00 

Aug. 

6.00 
5.40 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.50 
2.50 

8.60 
8.70 

0.00 

15.40 

22.30 
22.00 

5.50 
4.20 

-1.90 
-1.90 

-2.80 
-2.70 

-2.80 
-2.80 

-2.60 

2 

.00 

15.80 

-2.30 

3 

2.50 

3.90 

.00 

16.20 

21.80 

8.00 

9.50 

4.00 

-1.50 

-2.60 

-2.80 

-2.00 

4 

2.50 

4.00 

.00 

16.60 

21.40 

2.00 

8.80 

3.00 

-1.30 

-2.60 

-2.80 

-2.20 

6 

1.50 

4.00 

.00     16.80 

21.00 

1.40 

8.80 

2.50 

-1.50 

-2.60 

-2.80 

-2.20 

6 

1.00 

4.00 

.80 

17.20 

20.50 

1.00 

7.50 

2.00 

-1.70 

-2.60 

-2.80 

-2.30 

7 

.90 
.70 
.50 

4.00 
8.60 
3.40 

1.40 

17.60 

20.00 
19.60 
19.00 

1.00 
1.00 
2.00 

7.00 
6.60 
6.40 

1.90 
1.90 
2.00 

-1.70 
-1.90 
-2.00 

-2.60 
-2.50 
-2.60 

-2.80 
-2.80 
-2.80 

-2;  40 

8 

1.70  j  18.70 
2.00     18.70 

-2.40 

9 

-2.40 

10 

.30 

3.20 

2.80 

18.90 

18.70 

4.00 

6.30 

2.80 

-2.00 

-2. 70 

-2.80 

-2,30 

11 

.00 

8.00 

2.60 

19  10 

18.30 

5.50 

6.00 

3.00 

-2.00 

-2.70 

-2.80 

-2.20 

V2 

-  .30 

2.50 

2.90 

19.40 

18.00 

6.80 

6.80 

8.40 

-2.00 

-2.70 

-2.80 

-2.00 

13 

-  .50 

1.50 

3.20     19.80 

17.80 

7.90 

5.80 

8.70 

-2.00 

-2.80 

-2.80 

-1.90 

14 

-  .60 

1.00 

3.30 

20.00 

17.70 

8.80 

5.50 

4.10 

-2.00 

-2.80 

-2.80 

-1.80 

15 

-  .60 

.70 

3.50 

20.30 

17.50 

9.50 

5.30 

4.80 

-2.10 

-2.80 

-2.80 

-1.80 

16 

-  .70 

-  .80 

-  .90 
-1.00 

.50 

.20 

.00 

-  .10 

3.80 
4.20 
5.30 
6.20 

20.60 
20.80 
21.10 
21.40 

17.40 
17.40 
17.30 
17.20 

10.30 
10.80 
11.30 
11.70 

5.40 
5.60 
6.20 
6.80 

4.20 
3.80 
8.50 
2.50 

-2.20 
-2.20 
-2.20 
-2.20 

-2.80 

2.80 

-2.80 

-2.80 

-3.00 
-8.00 
-8,00 
-8.00 

-1.80 

17 

-1.80 

18 

-1,80 

19 

-1.90 

20 

-1.10 

-  .10 

7.00 

21.60 

17.00 

12.00 

7.50 

2.00 

-2.20 

-2.80 

-8.00 

-1.80 

21 

-1.10 

-  .10 

8.40 

21.90 

17.00 

12.10 

8.00 

1.60 

-2.30 

-2.80 

-3.00 

-2.00 

22 

-1.10 

-  .10 

.00 

.20 

1.00 

1.80 

2.50 

3.00 

3.40 

3.50 

-.10 

-  .10 

-  .10 

-  .10 

-  .10 
.00 
.00 
.00 

9.10 
9.90 
10.80 
11.60 
12.30 
14.00 
14.10 
14.80 
14.70 
15.00 

22.00 
22.20 
22.40 
22.50 
22.60 
22.60 
22.60 
22.60 
22.50 

16.60 
16.10 
15.60. 
14.90 
14.00 
12.90 
11.50 
10.00 
8.50 
7.00 

12.30 
12.50 
12.40 
12.30 
12.20 
12.00 
12.00 
11.50 
11.30 

8.80 
8.50 
8.70 
8.80 
8.80 
8.80 
8.80 
8.00 
7.50 
6.60 

1.00 
.50 

-  .10 

-  .30 

-  .60 

-  .80 
-1.20 
-1.40 
-1.50 
-1.80 

-2.40 
-2.40 
2.50 
-2.60 
-2. 70 
-2.80 
-2.80 
-2.80 
-2.80 

-2.80 
-2.80 
-2.80 
-2.80 
-2.80 
-2.80 
-2.80 
-2.80 
-2.80 
-2.80 

-2.80 
-2.80 
2.80 
-2.80 
-3.00 
-3.00 
-3.00 
-8.00 
-8.00 


-2.10 

23 

-2.20 

24 

-2.20 

2.=) 

-2.20 

26 

-2.40 

27 

3.80 

4.20 

29 

5.40 

7.60 

31 

9.00 
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Rating  table  for  Yazoo  River  ai  Yazoo  (My,  Miss,,  from  August  1  to  December  SI,  1904. 


Gage 
height. 

Discharge. 

Gage 
j   height. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height 

1 
Di«cliai]ge. 

Feet. 

Second-feel. 

feet. 

Second-/^. 

J^eL 

Second-feet. 

Feet. 

Seexmd-ffrL 

-3.0 

1,190 

2.2 

1,634 

1.4 

1,884 

-0.6 

2,239 

-2.9 

1,233 

2.1 

1,577 

1.3 

1,928 

0.5 

2,2H4 

2.8 

1,276 

-2.0 

1,620 

1.2 

1,972 

-0.4 

2.329 

2.7 

1,319 

-1.9 

1,664 

1.1 

2,016 

0.3 

2,374 

2.6 

1,362 

"1.8 

1,708 

1.0 

2,060 

0.2 

2,419 

-2.5 

1,405 

1.7 

1,752 

0.9 

2,104 

-0.1 

2,461 

2.4 

1,448 

1.6 

1,796 

0.8 

2,149 

0.0 

2,510 

2.3 

1,491 

1.5 

1 

1,840 

1 

0.7 

2,194 

The  above  table  is  based  upon  13  discharge  meajsaremente  made  during  1901  to 
1904,  and  is  well  defined. 

Estimaied  montfUy  discharge  of  Yazoo  River  at  Yazoo  City,  Miss.,  for  1904' 

[Drainage  area,  8, 580  .square  miles.] 


Month. 


Diflchaige  in  second-feet. 


Run-off. 


Max  imam. 


January . . 
February . 
August . . . 
September 
October  .. 
November 
December 


4,245 
4,520 
5,800 
1,928 
1,405 
1,276 
8,220 


Minimum. 


2,016 
2,464 
l,70d 
1,276 
1,276 
1,190 
1,405 


Mean. 


Second-feet 

per  square 

mile. 


2,856 
3,294 
3,516 
1,555 
1,302 
1,244 
2,273 


0.333 
.384 
.410 
.181 
.152 
.145 
.265 


Depth  ic 
inchiTS. 


0.3*4 

.414 
.473 
.202 
.175 
.162 


Estimates  March  to  July  omitted,  on  account  of  probable  back-water  inflaeoce  of 
Mississippi  River  on  this  station  during  portions  of  those  months. 


INDEX. 


Alderaon,  W.  Va.  Page. 

Greenbrier  River  at: 

description 70-71 

discharge 71 

discharge,  monthly 73 

gage  heights 72 

ratingUble ?2 

Alexander,  N.  C. 

French  Broad  River  at: 

description 155 

discharge 165 

All^heny  River  at— 
Kittanning,  Pa.: 

description 47 

discharge 47 

gage  heights 47 

Redhouse,  N.  Y.: 

description 46-46 

discharge 46 

gage  heights 46 

Allegheny  River  drainage  basin: 

description 44-46 

Ashville,  N.  C. 

French  Broad  River  near: 

description 9»-l(]0, 100-101 

discharge 100-101 

Avery  Creek  at— 

Davisons  River,  N.  C: 

description 110-111 

discharge HI 

Battle  Creek  near— 

South  Pittsburg,  Tenn.: 

description 166 

discharge 156 

Big  Bear  Creek  near— 
luka,  Miss.: 

description 157 

discharge 157 

Big  Spring  at— 

Tuscumbia.  Ala.: 

description 152 

discharge 158 

Biltmore,  N^  C. 

Swannanoa  River  at: 

description 104 

discharge 104 

Blackliek,  Pa. 

Blacklick  Creek  at: 

description 50-61 

discharge 51 

gage  heighL«i 51 

Blacklick  Creek  at— 
Blacklick.  Pa.: 

description 50-61 

discharge 51 

gage  heights 51 

IBB  128—05 — a 


Blueridge,  Ga.  Page. 

Fightlngtown  Creek  near: 

description 157 

discharge 157 

Toccoa  River  near: 

description 156 

discharge 166 

Bluff  City,  Tenn. 

Holston  River  (South  Fork)  at  and 
near: 

descripUon 122,164 

discharge 122,156 

discharge,  monthly 124 

gage  heights 12S 

rating  table 128 

BrasBtown,  N.  C. 

Brasstown  Creek  at: 

description ,  156 

discharge 166 

Brasstown  Creek  at^ 
Brasstown,  N.  C: 

description 156 

discharge 166 

Brownsboro,  Ala. 
Flint  River  at: 

description 160 

di^harge 160 

Bryson,  N.  C. 

Tuckaiiegee  River  at:  * 

description 183 

discharge 134 

discharge,  monthly    185 

gage  heights 134 

rating  table .> 135 

Butler,  Tenn. 

Roane  Creek  at: 

description 154 

discharge 164 

Calhoun,  N.  C. 
Little  River  at: 

description Ill 

discharge Ill 

Casselman  River  at— 
Confluence,  Pa.: 

description 57-58 

discharge 68 

gage  heights 58 

Cataract,  Ind. 

Eel  River  (lower)  at: 

description 91-92 

gage  heights 92 

Chadakoin  River  at— 
Jamestown,  N.  Y.: 

description 48 

discharge 48 

gage  heights 49 

161 


162 


INDEX. 


Ghannahon,  III.  Pa^e. 
Desplaines  River  near: 

description 40-41 

discharge 41 

discharge,  monthly 48 

gage  heights 4*2 

rating  table 43 

Chattanooga,  Tenn. 
Tennessee  River  at: 

description 107-108 

discharge 108 

gage  heights 108 

Cheat  River  near— 

Morgantown,  W.  Va.: 

description 52 

discharge 68 

gageheights 68 

Chippewa  River  near— 
Eau  Claire,  Wis.: 

description 20 

discharge 21 

discharge,  monthly 22 

gage  heights 21 

rating  table 22 

Chippewa  River  drainage  basin: 

description 20 

Clinch  River  at— 
Clinton,  Tenn.: 

description 155 

discharge 155 

Clinton,  Tenn. 
Clinch  River  at: 

description 155 

discharge 156 

Columbia,  Tenn. 
Duck  River  at: . 

description 158 

discharge 154 

gageheights 154 

Columbus,  Ohio. 

Olentangy  River  near: 

description 77 

discharge 77 

discharge,  monthly 79 

gage  heights 78 

rating  tables 78-79 

Scioto  River  near: 

description 74 

discharge 76 

discharge,  monthly 76 

gageheights 76 

rating  table 76 

Confluence,  Pa. 

Casselman  River  at : 

description 67-68 

discharge 68 

gage  heights 58 

Laurel  Hill  Creek  at: 

description 58-69 

discharge 59 

gage  heights 59 

Youghiogheny  River  near: 

description 56 

discharge 57 

gage  heights 57 


ft 
T 

r 


Cumberland  River  at—  PiiR-. 

Nashville,  Tenn.: 

description 

discharge 

gage  heights 

Cumberland  River  drainage  basin: 

description 

Davidsons  River,  N.  G. 

Avery  Creek  at: 

description lli«-i:: 

dischaige ill 

Davidsons  River  near: 

description ]» 

discharge l*^ 

gage  heights 11 

Davidsons  River  near- 
Davidsons  River,  N.  C: 

description I'S 

discharge 1-9 

gageheights i:- 

Delphi,  Ind. 

Tippecanoe  River  near: 

description "^ 

discharge *" 

discharge,  monthly *<■ 

gage  helghia «~ 

ratlngtable ^ 

Desplaines  River  near— 
Channahon,  111.: 

description s-nl 

discharge 

discharge,  monthly i 

gage  heights L 

ratlngtable C 

Doe  River  at— 

Eliaabethton.  Tenn.: 

description l> 

discharge • 

Duck  River  at— 
Columbia,  Tenn.: 

description \\ 

discharge i- 

gage  heights i-* 

Eau  Claire,  Wis. 

Chippewa  River  near: 

description i 

discharge z 

discharge,  monthly 

gageheights 

ratlngtable 

Eel  River  (lower)  near- 
Cataract,  Ind.: 

description /!-•. 

gageheights l 

Ellzabethton,  Tenn. 

Doe  River  at: 

description is 

discharge... * 

Watauga  River  near: 

description i^.r 

discharge :.'    i 

discharge,  monthly 

gage  heights .-    i 

rating  table :*^ 


INDEX. 
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Elk  River  near-  Pb^. 
Elkmont,  Ala.: 

description 150-161 

discharge 161 

diflchaiKe,  monlhly 162 

gage  beightu 151 

rating  table 152 

Prospect,  Tenn.: 

description 157 

discharge 157 

?:ikmont,  Ala. 
Elk  River  near: 

description 160-151 

discharge 161 

discharge,  monthly 152 

gage  heights 151 

rating  table 152 

Fkyette,  W.  Va. 
New  River  at: 

description 68-fl9 

discharge,  monthly 70 

gage  heights 69 

Fightingtown  Creek  at  and  near— 
Blueridge,  Qa.: 

description 157 

discharge 157 

McCays,  Tenn.: 

description 148-H9 

discharge 149 

Flambeau  River  near— 
Ladysmith,  Wis.: 

description 22-23 

discharge 28 

discharge,  monthly 25 

gage  heights 24 

rating  table 24 

Flint  River  at  and  near— 

Brownsboro,  Ala.: 

description 160 

discharge ISO 

New  Decatur,  Ala.: 

description 167 

discharge 167 

Franklin,  N.  C. 

Little  Tennessee  River  at  and  near: 

description 166 

discharge 166 

French  Broad  River  at  and  near- 
Alexander,  N.  C: 

description 166 

discharge 156 

Asheville,  N.  C: 

description 99-100,100-101 

discbarge 100,101 

Horseshoe,  N.  C: 

description 98-99 

discharge 99 

gage  heighta 99 

Newport,  Tenn.: 

description 101-102 

discharge 102 

discharge,  monthly 103 

gage  heights 102 

rating  table 108 

Oldtown,  Tenn.: 

description 101-102 

discharge 102 


French  Broad  River  at  and  near—  Page. 
Oldtown,  Tenn.— Continued. 

discharge,  monthly 108 

gageheighto 102 

rating  table 108 

Friendsville,  Md. 

Youghiogheny  River  at: 

description 64 

discharge 54 

discharge,  monthly 66 

gageheights 55 

rating  table 56 

Greenbrier  River  at^ 
Alderson,  W.  Va.: 

description 70-71 

discharge 71 

discharge,  monthly 78 

gageheights 72 

ratingtable 72 

OreeneviUe,  Tenn. 

Nolichucky  River  near: 

description 119-120 

discharge 120 

discharge,  monthly 121 

gage  heights 12Q 

ratingtable 121 

Hanging  Dog  Creek  neaz^ 
Murphy,  N.  C: 

description 166 

discharge 156 

Havana,  111. 

Illinois  River  near: 

discharge 44 

Hiwassee  River  at— 
Murphy,  N.  C: 

description 136-186 

discharge 136 

discharge,  monthly 138 

gageheights 137 

rating  toble 137 

Reliance,  Tenn.: 

description 1^139 

discharge 189 

discharge,  monthly. 141 

gage  heights 140 

rating  table 140 

Holston  River  near— 
Rogersvllle,  Tenn.: 

description 124 

discharge 126 

discharge,  monthly 126 

gage  heights 125 

ratingtable 126 

Holston  River  (South  Fork)  at  and  near- 
Bluff  City,  Tenn.: 

description 122,154 

discharge 122,156 

discharge,  monthly 124 

gage  heights 128 

ratingtable 123 

Horseshoe,  N.  C. 

French  Broad  River  at: 

description 9B-99 

discharge 99 

gagelieights 99 
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Illinois  River  at  and  near—  Pa^e. 

Havana,  111.: 

diflcharge 44 

Mlnooka,  111.: 

description 85 

discharge 85 

discharge,  monthly 87 

gage  heights 86 

rating  table 36 

Ottawa,  111.: 

description ". 87-38 

discharge 38 

gage  heights 38 

Peoria,  III.: 

description 39 

discharge 29 

gage  heights 40 

Illinois  River  drainage  basin: 

description 34 

Indianapolis,  Ind. 

White  River  (West  Branch)  at: 

description 89 

discharge 89 

discharge,  monthly 91 

gage  heights 90 

rating  table 90 

luka.  Miss. 

Big  Bear  Creek  n«ir: 

description 157 

discharge 157 

Jamestown,  N.  Y. 

Chadakoin  River  at: 

description 48 

discharge 48 

gage  heights 49 

Ja&per,  Tenn. 

Sequatchie  River  near: 

description 156 

discharge 156 

Jadaon,  N.  C. 

Little  Tennessee  River  at: 

description 130 

discharge 131 

discharge,  monthly    132 

gage  heights 181 

rating  table 182 

Kanawha  River  drainage  bss\n: 

description 65-66 

KiskiminitHs  River  at— 
Salina,  Pa.: 

description 49-60 

discharge 60 

gage  height^ '60 

Kittanning,  Pa. 

Allegheny  River  at: 

description 47 

discharge 47 

gage  heights 47 

Knoxville,  Tenn. 

Tennessee  River  near: 

description 104-106 

discharge 105 

discharge,  monthly 107 

gage  heights.  - 106 

ntingtable 106 


Ladysmith,  Wis.  Psire. 
Flambeau  River  near 

description 22-2S 

discharge 23 

discharge,  monthly 5 

gage  heights 24 

rating  table 24 

Laurel  Hill  Creek  at— 
Confluence,  Pa.: 

description 5»*-<« 

discharge 59 

gage  heights 59 

Licking  River  at— 

Pleasant  Valley,  Ohio: 

description 6S 

discharge 6 

dischaige.  monthly ^ 

gage  heights 64 

rating  tables 64-^ 

Little  Miami  River  drainage  baain: 

description 80 

LIttie  River  at— 
Calhoun,  N.  C: 

description HI 

discharge Ill 

Little  Tenneasee  River  at  and  near- 
Franklin,  N.  C: 

description 1S5 

discharge W 

Judson,  N.  C: 

description lao 

dischaige 131 

discharge,  monthly 132 

gageheights 131 

rating  table 13! 

Logansport,  Ind. 
Wabash  River  at: 

description «-*4 

discharge m 

discharge,  monthly    >6 

gage  heights ^^ 

rating  table Si 

McCays,  Tenn. 

Ffghtingtown  Creek  at. 

description 14j*-10 

dischaige I» 

Ocoee  River  at: 

description   I4( 

discharge IT 

discharge,  monthly    14*^ 

gageheights 14T 

rating  table It?* 

Mad  River  near- 
Springfield,  Ohio: 

description * 

dischaige M 

gageheights <i 

Mahoning  River  at— 
Youngstown,  Ohio: 

description •» 

discharge * 

dischaige,  monthly C 

gage  heights « 

rating  table fl 

Mahoning  River  drainage  basin: 

description 5M» 


INDKX. 


165 


Merrill,  Wis.  Page. 
Wiflconstn  River  at: 

description 25-26 

disehaiKe 26 

discharge,  monthly 28 

gage  heights 27 

ratlngtable 27 

Mills  River  (North  Fork)  a^ 
Pinkbed,  N.  C: 

description 112 

discharge 112 

dischaige,  monthly 114 

gage  heigh ts lis 

ratlngtable 113 

Mills  River  (South  Fork)  near— 
Sitton,  N.  C: 

description 114 

discharge 115 

dischaige,  monthly 116 

gageheightfi 115 

ratlngtable 116 

Minooka,  111. 

Illinois  River  near: 

description 85 

discharge 35 

discharge,  monthly 37 

gageheights 86 

rating  table 36 

MisaisBippi  River  near— - 
Sauk  Rapids,  Minn.: 

description 18 

discharge 19 

gage  heights .•% 19 

Monongahela  River  drainage  basin: 

description 51-52 

Morgan  town,  W.  Va. 
Cheat  River  near: 

description 52 

dischaige 53 

gageheights 53 

Murphy,  N.  C. 

Hanging  Dog  Creek  near: 

description 156 

discharge. 156 

Hiwassee  River  at: 

description 135-186 

discharge 136 

discharge,  monthly 138 

gage  height 137 

ratlngtable 137 

Muskingum  River  drainage  basin: 

description 62 

Nantahala,  N.  C. 

Nantahala  River  near: 

description 155 

discharge 156 

Nantahala  River  near— 
Nantahala,  N.  C: 

description 155 

discharge 156 

Nashville,  Tenn. 

Cumberland  River  at: 

description 96 

discharge 97 

gageheights 97 


Necedah,  Wis.  Page. 

Wisconsin  River  near: 

description 28-29 

discharge 29 

dischaige,  monthly 81 

gageheights 80 

ratlngtable 80 

New  Decatur,  Ala. 

Flint  River  near: 

description 157 

discharge 157 

New  River  at— 
.Fayette,  W.  Va.: 

description 68-69 

dischaige,  monthly 70 

gageheights % 09 

Radford,  Va.: 

description 66-67 

discharge 67 

discharge,  monthly 68 

gage  heights 67 

ratlngtable 68 

Newport,  Tenn. 

French  Broad  River  near: 

descri  ption 101-102 

discharge 102 

discharge,  monthly 106 

gageheights 102 

ratlngtable 108 

Pigeon  River  at  and  near: 

description 116-117,155 

discharge 117, 155 

discharge,  monthly 119 

gageheights :.  '118 

raUngtable 118 

Nolichucky  River  near— 

Greeneville,  Tenn.: 

description 119-120 

discharge 1 20 

discharge,  monthly 121 

gage  heigh  ts 120 

ratlngtable 121 

Nottely  River  near- 
Ranger,  N.  C: 

description 148-144 

discharge 144 

discharge,  monthly 146 

gage  heights 144 

raUngtable 145 

Ocoee  River  at— 

McCoys,  Tenn.: 

description 146 

discharge 147 

discharge,  monthly 148 

gage  heights 147 

ratlngtable 148 

Oldtown,  Tenn. 

French  Broad  River  at: 

description 101-102 

discharge 102 

discharge,  monthly 103 

gage  heights 102 

ratlngtable 108 

Olentangy  River  near- 
Columbus,  Ohio: 

description 77 

dischaige 77 
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Olentangy  River  near—  Pa^e. 

Columbus,  Ohio— Oontinued. 

discharge,  monthly 79 

ganre  heights 78 

rating  tables 78-79 

Ottawa,  111. 

Illinois  River  at: 

description 87-38 

discharge 38 

gage  heights 38 

l*aint  Rock  River  near— 
Paintrock,  Ala.: 

description 149 

discharge 149 

Paintrock,  Ala. 

Paint  Rock  River  near: 

description 149 

discharge 149 

Peoria.  111. 

Illinois  River  near: 

description 39 

discharge 89 

gage  heights 40 

Pigeon  River  at  and  near- 
Newport,  Tenn.: 

description 116-117,156 

discharge 117,166 

discharge,  monthly 119 

gage  heights 118 

ratingtable 118 

Pinkbed,  N.  C. 

Mills  River  (North  Fork)  at: 

description 112 

discharge 112 

discharge,  mon  thly 114 

gage  heights 118 

ratingtable 118 

Pleasant  Valley,  Ohio. 
Licking  River  at: 

description 63 

discharge 68 

discharge,  monthly 66 

gage  heights 64 

rating  tables 64-65 

Prospect,  Tenn. 
Elk  River  near: 

description 157 

discharge 167 

Radford,  Va. 
New  River  at: 

description 66-67 

discharge -. .  67 

discharge,  monthly 68 

gage  heights 67 

rating  table 68 

Ranger,  N.  C. 

Nottely  River  near: 

description 143-144 

discharge 144 

discharge,  monthly 146 

gage  heights 144 

rating  table 146 

Redhouse,  N.  Y. 

Allegheny  River  at: 

description 45-46 

discharge 46 

gage  heights 46 


Reliance,  Tenn. 

Hiwaasee  River  at: 

description 13R-139 

discharge 13» 

discharge,  monthly Ill 

gage  heights 140 

mting  table l4o 

Roane  Creek  at— 
Butler,  Tenn.: 

description IM 

discharge IM 

Ro<>k  River  at— 
Rockton,  111.: 

description SI-S2 

discharge 3J 

discharge,  monthly 34 

gage  heights 3 

rating  table SI 

Rock  River  drainage  basin: 

description Si 

Rockton,  111. 

Rock  River  at: 

description 31-^ 

discharge 3:* 

diacharge,  monthly J4 

gageheights S3 

rating  table 33 

RogersvlUe,  Tenn. 
HolBton  River  near: 

description 1*^4 

discharge i-ir. 

discharge,  monthly yy. 

gage  height* ii% 

rating  table LI5 

Salina,  Pa. 

Kiskiminitas  River  at: 

description 49-do 

discharge ao 

gage  heights » 

Sauk  Rapids,  Minn. 

Miwlssippi  River  near: 

description i«* 

discharge 1^ 

gage  heights 1 » 

Scioto  River  near- 
Columbus,  Ohio: 

description 74 

discharge 75 

discharge,  monthly :« 

gage  heights ;:> 

rating  table 7* 

Scioto  River  drainage  basin: 

description t4 

Sequatchie  River  near- 
Jasper,  Tenn.: 

description r< 

discharge i.«, 

Shoals.  Ind. 

White  River  (East  Branch)  at: 

description sC 

discharge *% 

discharge,  monthly tf. 

gage  heights »* 

ratingtable »i 


INDEX. 


167 


Sitton,  N.  C.  Page. 

Mills  River  (South  Fork)  near: 

description 114 

discharge ," 116 

diflcharge,  monthly 116 

gage  heights 116 

rating  table 116 

South  Pittsburg,  Tenn. 
Battle  Greek  near: 

description 156 

discharge iri6 

Spring  Creek  at— 
Tuscumbia,  Ala.: 

description 167 

discharge 167 

Springfield,  Ohio. 
Mad  River  near: 

description 80 

dischaige 81 

gage  heights 81 

Swannanoa  River  at— 
Biltmore,  N.  C: 

description 104 

discharge 104 

Tennessee  River  at  and  near- 
Chattanooga,  Tenn.: 

description 107-108 

discharge 108 

gage  heights 108 

Knoxville,  Tenn.: 

description 104-106 

discharge 105 

dischaige,  monthly 107 

gage  heights 106 

rating  table 106 

Tennessee  River  drainage  basin: 

description 98 

Tippecanoe  River  near — 
Delphi,  Ind.: 

description 86 

discharge 87 

discharge,  monthly 88 

gage  heights 87 

rating  table 88 

Toccoa  River  near— 
Blueridge,  Ga.: 

description 166 

discharge L'ie 

Tomotla,  N.  C. 

Valley  River  at: 

description 141 

discharge 142 

discharge,  monthly 143 

gage  heights 142 

rating  table 142 

Tuokasegee  River  at^ 
Brj'son,  N.  C: 

description 133 

discharge 134 

discharge,  monthly 136 

gage  heights 184 

rating  table 135 

Tuscumbia,  Ala. 
Big  Spring  at: 

description 162 

discharge 168 


Tuscumbia,  Ala.— Continued;  Page. 

Spring  Creek  at:  ^ 

description 157 

discharge 167 

Valley  River  at— 

Tomotla,  N.  C: 

description 141 

discharge 142 

discharge,  monthly 143 

gage  heights 142 

rati  ng  table 142 

Wabash  River  at— 

Logansport,  Ind.: 

description 83-84 

discharge 84 

discharge,  monthly 86 

gageheights 85 

rating  table 86 

Wabash  River  drainage  basin: 

description 8a-«S 

Watauga,  Tenn. 

Watauga  River  at: 

description 154 

di.scharge 164 

Watauga  River  at  and  near— 

Elizabethton,  Tenn.: 

description 126-127 

discharge 127 

discharge,  monthly 129 

gage  heights 128 

rating  table 128 

Watauga,  Tenn.: 

description 164 

discharge 164 

White  River  (East  Branch)  at— 

Shoals,  Ind.: 

description 93 

discharge 98 

discharge,  monthly 96 

gage  heights 94 

rating  table 96 

White  River  (West  Branch)  atr- 

Indianapolis,  Ind.: 

description 89 

discharge 89 

discharge,  monthly 91 

gage  heights 90 

rating  table 90 

Wisconsin  River  at  and  near- 
Merrill,  Wis.: 

description 26-26 

discharge 26 

discharge,  monthly 28 

gage  heights 27 

rating  table 27 

Necedah,  Wis.: 

description 28-29 

discharge 29 

discharge,  monthly 31 

gage  heights 30 

rating  table 30 

Wisconsin  River  drainage  basin: 

description 25 

Yazoo  City,  Miss.: 
Yazoo  River  at: 

description 168 

discharge 1^9 


168 


INDEX. 


Yaxoo  City,  Mis.— Oootinued.  Pa^e. 

Yoasoo  River  at— Gontinued. 

discharge,  mondiiy 160 

gageheights 159 

ntingtable 160 

Yaaoo  River  at— 
YaaooCity,  Hias.: 

description 158 

diflcluLXge 150 

dlflchaige,  monthly 160 

gageheighta 159 

rating  table 160 

Yazoo  River  drainage  basin: 

description 167 

Youghiogheny  River  at  and  near^ 
Confluence,  Fa.: 

deae^ption £6 


Youghiogheny  River  at  and  ne&r —  fagt. 
Confluence,  Pa.— -Continoed. 

discharge -57 

gageheights 5T 

Friendsvllle,  Md.: 

description M 

discharge M 

discharge,  monthly 3< 

gageheighta 5a 

rating  table v. 

YoungstowA,  Ohio. 
Mah<ming  River  at: 

description fr 

discharge fc 

diacharge,  monthly e 

gageheighCB G. 

ratingtable ^ 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  128.] 

The  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports;  (2)  Monographs;  (3)  Professional  Papers;  (4)  Bulletins;  (5)  Mineral 
Resources;  (6)  Water-Supply  and  Irrigation  Papers;  (7)  Topographic  Atlas  of 
United  States,  folios  and  separate  shee.ts  thereof;  (8)  Geologic  Atlas  of  United 
States,  folios  thereof.  The  classes  i)umbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  0,  Underground  waters;  P,  Hydrographic  progress  reports. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following 
ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  Every  member  of  Congress  is  allotted  a  certain  number,  from  whom  they  may 
be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be 
consulted  by  those  interested. 

Seriet  P.— The  hydrographic  progress  reports  oontaln  the  results  of  stream  measurements.  A 
report  is  issued  for  every  calendar  year,  containing  the  results  of  data  collected  during  that  year. 
These  reports  were  first  published  as  a  part  of  the  Director's  annual  report  or  as  a  bulletin;  they  are 
now  published  as  water-supply  and  irrigation  papers.  The  following  is  a  list,  by  years,  of  the  publica- 
tioDS  containing  the  progress  reports  of  stream  measurements.  A  detailed  index  of  these  reports  is 
published  as  Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 
1888.  Bulletin  No.  181. 

1804.  Bulletin  No.  181;  Sixteenth  Annual  Report,  Part  II. 

1896.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1497.  Water-Supply  Papers  Nos.  16  and  16;  Nineteenth  Annual  Report.  Part  IV. 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-Supply  Papers  Nos.  86,  86,  87,  38,  and  39;  Twenty-first  Annual  Report.  Part  IV. 

1900.  Water-supply  Papers  Noe.  47,  48,  49,  50,  61,  and  62;  Twenty-second  Annual  Report,  Part  IV 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  66  and  76. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  66  and  76. 

1902.  East  of  MiBsissippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  84  and  86. 


II  ADVERTISEMENT. 

1908.  East  of  MiaslgBippi  River,  Water-Supply  Papers  Nos.  97  and  98. 

West  of  Miasimippi  River,  Water-Supply  Papers  Nos.  99  and  100. 
1904.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  124. 125. 126, 127, 128,  and  129. 

West  of  Mississippi  River,  Water-Supply  Papers  Nos.  130, 131, 132, 133, 134,  and  136. 

The  Geological  Survey  and  the  Reclamation  Service  have  suboffices  in  different  parts  of  the  United 
Stales,  from  which  hydrographic  and  reclamation  work  in  the  respective  localities  is  carried  on  and 
where  data  may  be  obtained  on  application.    These  offices  are  located  as  follows: 

Boston,  Mass.,  6  Beacon  street;  Utica.  N.  Y.,  75  Arcade;  Atlanta,  Ga.,  409  Temple  court;  Austin, 
Tex.,  University  of  Texas;  Chicago,  111.,  Federal  Building;  Belle  Fourche,  S.  Dak.:  Cody,  Wyo.: 
Denver,  Colo.,  Chamber  of  Commerce  Building;  Salt  Lake,  Utah;  Los  Angeles,  Cal.,  1106  Braly  Build- 
ing; San  Franci-sco,  Cal.,  422  Merchants*  Exchange  Building:  Phoenix,  Ariz.;  Oirisbad.  N.  Mex.;  EI 
Paso,  Tex.;  Billings,  Mont.;  Great  Falls.  Mont.;  Hazen,  Nev.;  Boi-te,  Idaho;  Spokane,  Waah.,  424 
Peyton  Block;  Pendleton,  Oreg. 

Correspondence  should  be  addressed  to 

Thb  Director, 

United  Stateb  Geological  Survey, 

Washington,  D.  C- 

M\Y,  loa*). 
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UBEAET  CATALOGUE  SLIPS. 

[Mount  each  slip  upon  a  separate  c^rd,  placing  the  subject  at  the  top  of  the 
second  slip.  The  name  of  the  series  should  not  be  repeated  on  the  series 
card,  but  the  additional  nunil)er8  should  be  added,  as  received,  to  the  first 
entry.] 


U.  S.     Geological  Survey. 

.  .  .  Report  of  progress  of  stream  measurements  for 
the  calendar  year  1904.  Prepared  under  the  direction 
of  F.  H.  Newell  by  M.  R.  Hall,  E.  Johnson,  jr.,  and 
John  C.  Hoyt.  Pt.  V. — Eastern  Mississippi  River 
drainage.     Washington,  Gov't  print,  off.,  1905. 

168,  iii  p.  illus.  II  pi.  (incl.  map)  23*".  (U.  S.  Geologio^l  survey. 
Water-supply  and  irrigation  paper  no.  128) 

Subject  series:  P,  Hydrographic  progress  reports,  3i^. 

1.  Stream  measurements.  2.  Rivers — U.  S.  I.  Hall,  M.  R.  II.  John- 
son, E.,  jr.     III.  Hoyt,  John  Clayton,  1874. 

U.  S.     Geological  Survey. 

.  .  .  Report  of  progress  of  stream  measurements  for 
^    the  calendar  year  1904.     Prepared  under  the  direction 

*  of  F.  H.  Newell  by  M.  R.  Hall,  E.  Johnson,  jr.,  and 
John  C.  Hoyt.  Pt.  V. — Eastern  Mississippi  River 
drainage.     Washington,  Gov't  print,  off.,  1905. 

168,  iii  p.  illus.  II  pi.  (incl.  map)  23'™.  (U.  S.  Geological  survey. 
Water-supply  and  irrigation  paper  no.  128) 

Subject  series:  P,  hydrographic  progreaM  reports,  33. 

1.  Stream  measurements.  2.  Rivers — U.  S.  1.  Hail,  M.  R.  II.  John- 
son, E.,  jr.     III.  Hoyt,  John  Clayton,  1874. 

U.  S.     Geological  survey. 

Water-supply  and  irrigation  papers. 
I    no.  128.  Report  of  progress  of  stream  measurements 

f or  .  .  .  1904  .  .  .  by  M.  R.  Hall,  E.  John- 
son,  jr.,   and   J.    C.    Hoyt.      Part   V.      1905. 

U.  S.     Dept.  of  the  Interior 

« 

£  see  also 

*  U.  S.     Geological  survey. 
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